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ABSTRACT

This thesis aims to contribute to the existing literature of fiscal policy with search

and matching frictions using Dynamics Stochastic General Equilibrium (DSGE) mod-

eling. This thesis consists of three essays (chapters) and the respective abstracts are

as follows:

Title of first chapter is Labour Market Effects of Government Spending. In this

chapter, I contributed to the Search and Matching Frictions (SMF) theory by examining

the effects of fiscal multiplier shock on output and labour market for the US economy.

I estimated US quarterly data and showed that government spending has positive

effect on output, employment, labour force participation, normalized vacancies, job

finding probability and labour market tightness and negative effect on unemployment

and real wages. This study contributes to the literature of SMF theory by estimating the

model after inclusion of total job separation (a. as a combination of quits and layoffs,

b. as segregated quits and layoffs) in the model. Positive government spending shock

has a positive effect on total job separation and quits and negative effect on layoffs

and average wages, which results in dispersion in wage distribution. This dispersion

in wage distribution leads to income inequality. I also found that income inequality

(gini) responded negatively to government spending shock, whereas P90/10 showed

a positive response in short run and negative response in long run.

In the second essay, ’Fiscal Stimulus, On-The-Job-Search and Labor Market

Dynamics’, I theoretically examined the effects of government spending shock and

aggregate productivity shock on the labour market using search and matching frictions.

For this purpose, I developed a DSGE model using search and matching frictions

and introduced two endogenous job separation margins (i.e., quits and Layoffs). I

introduced quits as on-the-job-search with search effort and layoffs as operating cost.

Results show that positive government spending shock has a positive effect on wages

in good sector and a negative effect on wages in bad sector. Results also show that

government spending increases job creation in good sector which leads to increase

in job-to-job movements from bad to good sector. Fiscal policy shock has a negative

effect on layoffs in bad sector. Using simulation, I calculated average wages by using

both types of wages and both types of employment. Results show that initially there is a

sharp decrease in average wage and subsequently showed increasing trend indicating
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wage inequality in labor market which results in movement of workers from bad to good

sector.

In the third essay, ’Fiscal Policy with Labor Market Frictions’, I investigated the

effects of hiring subsidy (subsidy to the cost of posting vacancy) on US labor mar-

ket in a DSGE model using search and matching frictions with two distinct margins of

endogenous job separation i.e., quits through on-the-job-search and layoffs through

operating cost. The results show that hiring subsidy has a positive effect on job cre-

ation in both good and bad sectors. Hiring subsidy affects unemployment negatively in

good sector and positively in bad sector. Hiring subsidy significantly affects wages in

both sectors. All these results show that hiring subsidy has a positive effect on work-

ers’ welfare through wages and job creation. Results further show that firm’s operating

cost responded negatively to the hiring subsidy. Other variables also responded to

positive hiring subsidy shock, but the effects are trivial.
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CHAPTER 1

Labour Market Effects of Government
Spending

1.1 Introduction

Post-recession academic research, in the field of macroeconomics, is largely domi-

nated by the literature on how to avoid or overcome any un-anticipated economic crises
1. These concerns have shifted the focus to study multi-dimensional effects of fiscal

multipliers, such as government spending Monacelli, Perotti, and Trigari (2010), tax

cuts and reforms Alesina and Ardagna (2009) and other recurring expenditures such

as transfer payments Hyunseung and Reis (2011) on the output of the country. Global

financial crisis was considered to be the main reason of the vast popularity of this im-

portant topic because this crisis had long lasting adverse effects on the economies all

over the world and it was the time when this concept gained more popularity among

both the researchers and the policymakers.

Fiscal multipliers are considered very effective tools to stabilize the economy and

has a strong effect on output Clemens and Miran (2012). However, seemingly, it was

not easy for the policy makers to find the solution of economic crisis by using only

monetary and expansionary fiscal policies and proved to be insufficient to increase the

output in general and the level of employment in particular.

The global recession of 2008 also had an adverse effect on the output and employ-

ment which triggered the government spending. Soon after, different fiscal stimulus

packages were announced in different countries to reduce unemployment. In US,

American Job Act (AJA) was passed in 2008 to facilitate more job creation. Academic

researchers also contributed to the fiscal policy and unemployment literature using

search and matching theory of unemployment of Mortensen and Pissarides (1994),

1see Mittnik and Semmler (2012); Parker (2011)
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and contributed to improve the labour markets.

Labour markets are largely characterized by two important distinct features i.e.,

searching job and matching job, both of which are performed by the workers and the

firms, respectively. There are different important variables in the labour market, such

as; vacancy announcement, job creation, job destruction etc., which are considered

necessary for developing search and matching models in the broad domain of labour

market Mortensen and Pissarides (1994).

Monacelli, Perotti, and Trigari (2010) conducted a study, both empirically as well as

theoretically, to investigate unemployment multipliers of government spending for US

economy. Results show that government-spending multipliers has positive effect on

employment, job vacancy and labour force participation and negative effect on unem-

ployment. Later on, Brückner and Pappa (2012) shows expansionary fiscal policy has

a positive effect on both employment and unemployment through higher labour force

participation in selected OECD economies.

Nakamura and Steinsson (2014) conducted a study to estimate fiscal multipliers in

a monetary union by using changes in military spending in different region of US. Fur-

thermore, they also calculated effects of government spending on unemployment and

showed that when unemployment was high, effect of government spending was large

and vice versa. Rendahl (2016), using DSGE model, estimated the fiscal multiplier

for unemployment and output. They calibrated the model using quarterly frequency

and showed that increase in government spending has positive effect on output and

negative effect on unemployment.

From the above arguments and after analysing literature, it is evident that the policy

makers have shown more interest on the government spending increases on one hand

and the tax cuts on the other hand to achieve the optimal output and to alleviate the un-

employment. However, empirical literature shows that research community conducted

more studies to examine effects of government spending on different macroeconomic

variables. Most of current literature looks only at employment response at the level of

the stock and inflows but less attention is given to examine the effects of fiscal policy

on output and labour market specifically in the context of outflow from employment

such as total job separation (i.e., quits and layoffs).

Another research gap which I identified from literature is that disregarding outflows

from employment misses important insights about dynamics of employment, earnings

and inequality and there is no such study where income inequality is added in the
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model with search and matching theory to find out impact of fiscal policy shocks not

only on output and unemployment but also on income inequality. Brinca et al. (2016)

considered inequality but do not look into the link between quits, layoffs and the dy-

namics of the wage distribution.

This study addresses these gaps in the literature and examines the effects of fiscal

policy shock on job separation (quits and layoffs) and income inequality for US econ-

omy. There are three research objectives of this study. First objective of the study is

to examine the effect of fiscal policy shock on output and labour market using search

and matching theory. Second objective of the study is to investigate employment re-

sponse to government spending shock at the level of the outflows from employment

and third objective of the study is to find out effect of government spending shock on

unemployment, total job separation, quits and layoffs and on income inequality.

This research contributed to the existing literature of effects of fiscal multipliers on

labour market in two ways: firstly, to the best of available literature, the study is the first

of its kind to investigate the impact of fiscal policy shock on output and labour market

using job separation (i.e., quits and layoffs) with other variables, such as labour market

tightness (ratio of vacancy to unemployment), unemployment rate, total employment,

labour force participation, job finding rate and real wage; secondly, this study is also

a first to examine the impact of fiscal multiplier on income inequality (differential in

wages) using Gini coefficient and P90/10. There is a dire need of such work after

the financial crises to estimate fiscal multiplier of output and unemployment using job

separation (quits and layoffs) with other labour market variables. This study further

contributes to the existing literature by enhancing the understanding about the nature

of the relationships between government spending multiplier and job separation.

To achieve the objectives of this study, data for the US economy of selected vari-

ables was collected from different sources (detail is available in data collection section)

for the period from 2001 to 2018 and estimated the model using Structural Vector Auto-

regressive (SVAR) approach. Main results are summarised as follows:

I started with the simple search and matching model to see the effect of positive

government spending shock on output and employment. Results show that positive

government spending shock has positive and significant effect on output, consumption,

labour force participation and employment and negative effect on unemployment and

real wages. Labour force participation and employment showed increasing trend which

indicates that higher employment and labour force participation reduce unemployment
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in the economy due to positive government spending shock. Vacancies, job finding

probability and labour market tightness positively responded to positive government

spending shock.

To examine the behaviour of labour market more deeply in response to positive

government spending shock, I included total job separation in the model as it is the

relevant and important dimension of the labour market. Government spending shock

has a positive impact on the total job separation, employment and labour force partic-

ipation and negative effect on real wage. This implies that addition of total job sepa-

ration variable in the model has some important association with these labour market

variables. On one hand there is an increase in job separation i.e., there is job destruc-

tion and on the other hand there is increase in participation and employment which

indicates that there is job-to-job movement. To see either there is job destruction or

there is job-to-job movement, I segregated total job separation into quits and layoffs.

I found that government spending shock has a positive and significant effect on

quits and negative effect on layoffs, which confirm the above results that workers are

still in the labour market and employed and will go for the higher wage ladder. On

the other side, there is a job creation due to positive government spending shock,

this means some workers will go for the jobs created in government sector which are

on average low paid jobs, hence, vacancy creation is at the lower tail of earnings

distribution. This all implies that there is no involuntary unemployment.

Job creation at both higher and lower end of wage distribution results in a spread

in the wage distribution which may subsequently lead to increase in income inequality.

More spread in wage distribution means more unequal society, therefore, to see either

these dynamics in wages lead to increase in income inequality, I used two measures

of income inequality i.e., Gini coefficient and P90/10. I found that there is no significant

increase in income inequality which implies job-to-job movement did not go too far to

the right of wage distribution and government sector jobs are not as low paid as one

could think. As GINI is the measure of entire wage distribution therefore to see the

changes only on the tails of the distribution, I replaced GINI with P90/10 (IIE) and

estimated the model. I found that Government spending has an instantaneous and

short-term impact on IIE. This implies that there is initial spread in wage distribution

then contraction and in the short run, government spending may increase income

inequality due to dynamics in the wage distribution but overall effect of government

spending on income inequality is insignificant with a decreasing trend.
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Finally, for the robustness analysis, I estimated the model with total job separation

which is constructed using Shimer (2005) formula and found that effect of positive

government spending shock on total job separation is negative and this is opposite to

the total job separation which I constructed by the addition of quits and layoffs. This

implies that Shimer (2005) only include layoffs while constructing total job separation.

Rest of the chapter is organized as follows. Section 1.2 discusses literature review,

section 1.3 explains empirical model, methodology and data sources. Section 1.4

is about empirical findings and section 1.5 presents robustness analysis. Section 6

discusses summary and conclusion of the chapter.

1.2 Literature Review

Government spending is considered one of the most important determinants of fiscal

policy 2 and this important component has multiple effects on any economy in differ-

ent ways. Different researchers analysed effect of government spending on economy

empirically as well theoretically. This review of literature begins with the effects of gov-

ernment spending on overall economy and afterwards I reviewed literature of effects of

government spending on labour market. I also presented theoretical as well empirical

evidences from past studies and at the end I presented few studies which contributed

to the literature on effect of fiscal multiplier on income distribution.

1.2.1 Effects of Government Spending on Economy

Academic researchers used different models and identification assumptions to investi-

gate the dynamic effects of government spending on macroeconomic variables. Litera-

ture shows that researchers introduced different approaches to calculate fiscal multipli-

ers using VAR by imposing long run and short run restrictions O. J. Blanchard, Fischer,

et al. (1989); Clarida and Gali (1994).There was confusion about the size and nature of

fiscal multipliers V. A. Ramey (2011b), Leeper, Walker, and Yang (2010). Even so that

these results are very different according to the development degree of the countries

such as they are different in under-developed, emerging and developed economies.

Empirical literature shows that fiscal multipliers is small for open economies as com-

pared to closed economies. For example, Ilzetzki, Mendoza, and Végh (2013) con-

ducted a panel study using SVAR to examine effects of macroeconomic fiscal multi-

2see Barro (2009), Auerbach and Gorodnichenko (2012),Clemens and Miran (2012)
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pliers on output and showed that the effect of government consumption on output is

larger in industrial economies as compared to developing countries. They used differ-

ent determinants of fiscal multipliers (e.g., exchange rate regime, public debt, open-

ness to trade) and showed that economies operating under predetermined exchange

rates has relatively large fiscal multiplier and it is zero in economies who are operating

under flexible exchange rates. Born, Juessen, and Müller (2013) estimated panel VAR

by using time series data for OECD countries to examine the impact of government

spending under different exchange rate regimes and found that fiscal multiplier is large

under fixed exchange rate regime compared to flexible exchange rate regime.

W. Miyamoto, Nguyen, and Sergeyev (2018) recently conducted a study for Japanese

economy and found that government spending has positive effect on both consump-

tion and investment with Zero Lower Bound (ZLB) but without it there is crowding

out of investment. O. Blanchard and Perotti (2002) employed SVAR to estimate the

dynamic effects of shocks in government spending and taxes on US economy and

demonstrated that positive government spending shock has a positive effect on output,

whereas positive tax shocks has a negative effect on output. They further concluded

that government-spending multipliers are close to 1 for US economy.

In a recent study, Fève and Sahuc (2017) used standard DSGE-VAR techniques to

measure the size of fiscal multiplier. Their study is different to other studies and used

hand-to-mouth consumers and Edgeworth Complementarity as government spending

shocks and that former transmission is better than the latter in examining the effect of

government spending shocks.

1.2.2 Effects of Government Spending on Labour Market

Pissarides (1985), Mortensen and Pissarides (1994) and Mortensen and Pissarides

(1999) presented search and matching model and gained popularity as a theory of un-

employment. These models explained, in detail, the functions of labour market. Later,

Shimer (2005) used this friction in DSGE model and showed that, by using calibrated

parameters, this model fails to explain cyclical properties of unemployment and vacan-

cies in US economy. Mortensen and Pissarides (1994) explained the concepts of job

creation and job destruction not only theoretically but also demonstrated their empirical

results. They considered the non-cooperative wage behaviour while modelling the job-

specific shock processes through the matching models of the unemployment, such as

endogenous job creation and job destruction processes. They further demonstrated
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that there is a negative correlation between the job creation and job destruction, which

is induced by the aggregate shock; however, the positive correlation between these

two is induced through the dispersion shock. Further segregating their effects, they

showed that the job destruction process is attributed to unpredictable dynamics rather

than the job creation process. Baldwin, Dunne, and Haltiwanger (1998) compared

data of job creation and job destruction for Canada and USA and found that industry

level data of both variables is same for both economies because of same technology

used in industries. Furthermore, they found that job destruction is more cyclical and

unpredictable than job creation.

Merz (1995) argues that economic performance of the US economy, specifically

in the context of labour market, is largely explained through the stylized facts. These

stylized facts explain empiric of labour market. Merz further argues that US economy

is largely influenced by the fact that the labour productivity is more volatile as com-

pared to the real wages. She further argues that all the above observations cannot be

explained simply in growth model, hence, used the search and matching frictions for

the first time in Real Business Cycles (RBC). Later, Andolfatto (1996) also contributed

in the literature and showed that inclusion of RBC in Search and Matching frictions

improved the empirical results in many ways. Results revealed that there is more fluc-

tuations in working hours as compared to wages and there is a negative relationship

between working hours and labour productivity.

Gomes (2009) estimated search and matching frictions with two-sector DSGE model

to find out the labour market effects of public sector employment and wages. For this

purpose, public sector wages are used and results showed that public sector wage

shock has a positive effect on unemployment, whereas employment shocks has a neg-

ative effect. Michaillat (2014) used search and matching theory and developed New

Keynesian model to calculate public employment multiplier. Results showed that multi-

plier and unemployment are moving in same direction when unemployment increases

from 5 to 8 percent multiplier increases from 0.2 to 0.4.

1.2.3 Theoretical Analysis

Theoretically, Dynamic Stochastic General Equilibrium (DSGE) models have been

used to estimate fiscal multipliers either through calibration method or Bayesian es-

timation techniques e.g., Galı, López-Salido, and Vallés (2007), Parker (2011) esti-

mated the effect of government spending on consumption by extending the New Key-
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nesian DSGE model with the inclusion of rule of thumb consumers and found positive

relationship between consumption and government spending. Drautzburg and Uh-

lig (2015) estimated medium scale new Keynesian model using Bayesian estimation

technique and found that using posterior mean (0.53) short run multipliers were pos-

itive but for the long run the effect was negative. Leeper, Traum, and Walker (2017)

recently conducted a study using Bayesian estimation technique to estimate govern-

ment spending multiplier for US economy. By using fiscal-monetary regime, they found

that this regime could play an important role to calculate the size and persistence of

fiscal multipliers. Their result further showed that multipliers are higher and long last-

ing in both regimes. American Recovery and Reinvestment Act (2009) also attracted

research community to investigate the impact of fiscal multipliers on output.

1.2.4 Empirical Evidence

Empirical literature shows that using quarterly data for different time period for the US

economy and applying SVAR approach, the effect of fiscal multiplier on output is posi-

tive (Mountford and Uhlig (2009), Cogan et al. (2010), Fisher and Peters (2010)). C. D.

Romer and D. H. Romer (2010) calculated fiscal multiplier (tax changes on output)

for US economy using narrative approach and found that multiplier effect is contrac-

tionary. V. A. Ramey (2011b) used VAR for quarterly data of US economy for the period

1939–2008 to estimate govt. spending multiplier for consumption and real wage. Their

results showed that consumption and real wage increased due to increase in gov-

ernment spending. Furthermore, the results also showed that range of government

spending multipliers was from 0.6 to 1.2. Holden and Sparrman (2018) used panel

data of OECD countries to investigate effects of government spending on unemploy-

ment under exchange rate regime, recession and expansion. Results show that effect

of government spending on unemployment is positive and higher under fixed exchange

rate compared to floating exchange rate and same results for recession compared to

expansion.

1.2.5 Fiscal Multiplier and Income Inequality

Empirical literature shows that fiscal policy has a strong effect not only on labour mar-

ket but also on income distribution in the economy. Benabou (2000) and Brinca et

al. (2016) conducted panel studies for 15 OECD countries using SVAR and showed
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that fiscal multiplier and wealth inequality are positively related. They also corrobo-

rated these findings theoretically through development of a neo-classical heteroge-

neous agents model. Results showed that there is a positive association between

fiscal multiplier and fraction of credit-constrained agents and showed that fiscal mul-

tiplier is also very sensitive to wealth distribution. Recently, Gunasinghe et al. (2019)

conducted a study to investigate impact of fiscal shocks on output and income inequal-

ity for Australian economy. They used three different types of fiscal shocks including

government spending, direct taxes and indirect taxes shocks and estimated SVAR and

structural vector error correction (SVEC) model. Results show that decrease in direct

taxes lead to decrease income inequality and increase in per capita real GDP, whereas

government spending and indirect taxes has adverse effect on income inequality.

1.3 Model, Methodology and Data

1.3.1 Model Development and Methodology

Structural model is developed to examine the impact of fiscal multiplier on output and

employment.

A0Yt = A(L)Yt−1 +Bεt (1.1)

A0 is a matrix of contemporaneous relations between variables.

Yt ≡ [GOVt, OUTPUTt, CONt, UNt, LFPt, EMt, RWt, V ACt, JFPt,

LMTt, SEPt, QTt, LOt, GINIt, IIEt]

A (L) is a polynomial in the lag operator and B is (nxn) matrix which captures the

linear relation between structural shock and reduced form shocks and εt is vector of

structural shocks of the variables.

Solving equation 1 to get the reduced form VAR.

Yt = A−1
0 A(L)Yt−1 + A−1

0 Bϵt

Yt = B1 + Ut

(reduced form VAR representation)
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where,

B1 = A−1
0 A(L)Yt−1

Ut = A−1
0 Bϵt

Ut =
(
egt , .........e

IIE
t

)
is a K- dimensional vector of reduced form residuals with zero

mean white noise process.

There are two main approaches in existing literature which are considered by dif-

ferent economists to identify fiscal multiplier Ilzetzki, Mendoza, and Végh (2013). First

approach is ”Natural Experiment” approach, derived by Barro (1981) and further elab-

orated by V. A. Ramey and Shapiro (1998) and V. A. Ramey (2011a) using military

spending shocks. In this approach military data is used to estimate the impact of

defense spending on output V. A. Ramey (2011b). Second, structural vector autore-

gressive (SVAR) approach pioneered by O. Blanchard and Perotti (2002) which is most

famous and most commonly used to examine the impact of fiscal shock on GDP and

other macroeconomic variables. Perotti (2007) and Perotti (2005) further extended this

approach.

O. Blanchard and Perotti (2002) used quarterly data and estimated Structural Vec-

tor Autoregressive (SVAR). They used institutional aspects to include more restrictions

to examine impact of government spending and tax multiplier on output. They further

stated that it is quite complicated to examine contemporaneous relationship between

taxes and GDP. Furthermore, they argued that there is no contemporaneous relation-

ship of government spending with GDP and taxes. Keeping in mind this, they iden-

tified government-spending shocks using Choleski decomposition where government

spending is modeled before the other variables. Since government spending does not

respond contemporaneously to output, therefore, I used SVAR (O. Blanchard and Per-

otti (2002)) to examine the response of government spending to output using quarterly

data. In Choleski Decomposition, ordering of the variables is very important therefore,

I followed Monacelli, Perotti, and Trigari (2010) and the economic theory to order the

variables. In this study, I used Choleski decomposition to identify government spend-

ing as predetermined variable and used it as a first variable.

1.3.2 Data Collection

I used US quarterly data from the period 1970:Q1 to 2018:Q4 of 15 macroeconomic

variables i.e. log of real per capita government spending (GOV), log of real GDP (OUT-

11



PUT), log of real consumption (CON), unemployment rate (UN), labour force participa-

tion (LFP), log of total civilian employment (EM), log of real wages (RW), normalized

vacancies (VAC), job finding probability (JFP), labour market tightness (LMT), total job

separation (SEP),total nonfarm quits rate (QT), layoffs and discharge rate (LO), gini

coefficient (GINI) and income inequality P90/10 (IIE).

It is important to use quarterly data for the identification of fiscal shock because in

SVAR, it is assumed that fiscal policy needs at least one quarter to respond to shock

in output (Ilzetzki, Mendoza, and Végh (2013)). Brief description of all variables is

provided below.

Data for OUTPUT and CON (addition of private consumption of non durable goods

and services) is collected from Bureau of Economic Analysis (BEA). I divided these

two variables by implicit price deflator to make them real and finally took their natural

log. Data of GOV (addition of government expenditures and gross investment) is also

collected from BEA. I divided it by implicit price deflator to make it real and then divided

it by non institutional population to make it per capita and finally took natural log of the

series. I collected data EM, UN, LFP, RW (median usual weekly real earnings), QT,

LO (2001:Q1 to 2018:Q4) from Bureau of Labor Statistics (BLS).

I constructed data for SEP by adding QT and LO in level and divided it by the total

employment. Data of GINI and IIE is collected from US Census Board. Data of JFP

and Shimer’s Job separation is constructed by following Shimer (2005) 3. Data of VAC

is constructed.4 I also constructed data of LMT by taking ratio of normalized vacancies

to normalized unemployment.5

It is important to test stationarity of the data before estimation. I used unit root test

for the purpose and all data is stationary at first difference. Lag-2 is selected for the

estimation using Akaike information criterion (AIC) lag length criteria..

3Job finding probability is constructed by ft = 1− ut+1−us
t+1

ut
where ft is Job finding probability, ut+1

is unemployment level, Us
t+1 = is unemployment less then 5 weeks and Shimer’s job separation is

constructed by St =
us
t+1

et(1− 1
2 ft)

where St= separation rate and et = civilian employment
4Data of job opening (vacancy) is collected from Job Openings and Labor Turnover Survey (JOLTS)

from the period of 2001 as data is not available prior to the this period. I normalized the job opening by
taking its 2001:Q1=100 value. Then I collected data of vacancies from Conference Board Help Wanted
Index (HWI). I normalized HWI by its 2001:Q1=100 value and then I used the series of the normalized
HWI till 2000Q4. To get the series of normalized vacancies I used series of normalized HWI from period
of 1970Q-2000Q4 and after that I used series of normalized job opening from the period of 2001Q1
-2018Q4 to get the series of normalized vacancies.

5To calculate normalized unemployment I did the same for the unemployment. I collected data of
Unemployment in level and normalized it by taking 2001:Q1=100 value and the get the quarterly series
of normalized unemployment.
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1.4 Empirical Findings

1.4.1 Results of the Model with Different Dimensions

To achieve the objectives of the study I conducted the estimation in different steps.

I applied SVAR in the above model in five steps, each step with incrementally modi-

fied model. In first step, I estimated the model with all important variables of search

and matching theory except the variable of total job separation to examine response

of output and unemployment without total Job separation to the positive government

spending shock (Figure 1.1). In the second step, to find out how positive government

spending shock affect output and unemployment by adding total job separation, I es-

timated the model after including the variable of total job separation (Figure 1.2). In

the third step, I segregated total job separation in two distinct dimensions (quits and

layoffs) to examine how positive government spending shock affect quits and layoffs,

separately (Figure 1.3). In these three steps, I examined the effect of government

spending shocks on the labour market variables, therefore, it is important to examine

whether changes in the labour market affect income inequality, and how the positive

government spending shock affects the income inequality. In the fourth step, I esti-

mated the two models separately, each includes one measure of income inequality,

such as Gini coefficient and P90/10, which are specifically used to measure income

inequality (Figure 1.4 and Figure 1.5 for Gini coefficient and P90/10, respectively). Fi-

nally, for the robustness check in the fifth step, I estimated the extended model after

replacing the total job separation - composite of quits and layoffs - (Figure 1.2), with

the other measure of total job separation - only quits - constructed by Shimer (2005) to

examine and compare the responses of these two differently constructed variables of

total job separation to positive government spending shock (Figure 1.6). Accordingly,

the results provided in Figure 1.2 and Figure 1.6 are compared for these two different

measures of the total job separation. The size of the shock is used as one standard

deviation increase in government spending. Dotted lines on the graphs show 90 per-

cent confidence interval (CI) based on Monte Carlo simulations and solid lines in the

graphs show responses of the variables to the shock i.e., Impulse Response Function

(IRF)
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Fig. 1.1 Impulse Response Functions Without Total Job Separation

Results, provided in the Figure 1.1, show that positive government spending shock

has positive and significant effects on output and consumption. Both are positive and

significant at the 95 percent confidence interval. Positive government spending shock

raises the output and consumption till third and fourth year, respectively, and in the

subsequent periods they decrease and then gradually converge to the steady state.

Unemployment decreases with increase in government spending and reaches at peak

of -0.3 percent between 0.2 to 0.4 percents and it is negative till 12th quarter. This

shows that positive government spending has a negative and significant impact on un-

employment. Labour force participation and employment are increasing which indicate

that higher employment and labour force participation lead to decrease in unemploy-

ment in the economy due to positive government spending shock. Though, impact

of shock on employment is insignificant in the first quarter but after that it is positive

till 14th quarter. Real wage has shown a decreasing trend till the 10th quarter and

afterwards started an increasing trend due to one standard deviation shock in the gov-

ernment spending.

Normalized vacancies also rise till the 10th quarter with the peak of 3 percent. This

implies that there is job creation due to increase in government spending and posi-

tive trend in normalized vacancies lead to decrease in unemployment and increase in

labour force participation and employment. Job finding probability and labour market

tightness are also increased substantively with peak of 0.010 percent and 0.04 per-

cent, respectively. All of the above impulse responses show that positive government
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spending shock has positive and significant impact on all variables mentioned above

and negative but insignificant impact on unemployment and real wage. These results

also indicate that government spending multiplier has a positive and significant impact

on labour market variables. These results are consistent with earlier works of Mona-

celli, Perotti, and Trigari (2010), and W. Miyamoto, Nguyen, and Sergeyev (2018).
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Fig. 1.2 Impulse Response Functions With Total Job Separation

I have just shown that responses of the labour market variables are significant. In

the basic model of equilibrium unemployment Mortensen and Pissarides (1994) rising

tightness (consistent with rising vacancies and falling unemployment) implies higher

job finding probability and higher employment; together with increasing participation,

this is consistent with matches going up. However, higher tightness should also lead

to higher wages, which I show is not the case. This urges me to look at inflows and

outflows simultaneously, adding total job separations to my analysis.

Total job separation is very important component of search and matching theory 6

along with other dimensions of the labour market, which will be examined after getting

insights about the effects of the government spending shocks on the total job separa-

tion.

I started the extended model after including the total job separation not only to

examine the effects of the government spending shocks on the total job separation

but also its association with the other variables which are considered important in the

perspective of the search and matching theory Pissarides (2000).
6Pissarides (2000);Shimer (2005);Hall (2005);Fujita and G. Ramey (2009);Shimer (2012).
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In Figure 1.2, the empirical results show that one standard deviation positive shock

to the government spending has a positive impact on the total job separation till the

14th quarter, afterwards it becomes negative. The trend of real wage is opposite to

what it is for the total job separation, for example, for the first 10 quarters real wages

are decreasing, while afterwards started increasing. I have shown that separations go

up and this implies that increasing separations reduce value of employment, which is

reflected in the fall of the real wage.

I have shown here that separation goes up. Where do these workers go? Is there

any job destruction? From the graph I can say yes, there is job destruction but there

is also possibility that no, there is not, because reduction in unemployment shows that

workers cannot go to unemployment or exit labour force, since both of these variables

are positively responding to the shock. The only place to go is a different job, so there

must be an increase in job-to-job transitions. It is also evident from the employment

graph, which is also consistent with the previous research Shimer (2006) Fallick and

Fleischman (2004).

To check either there is Increment in job-to-job transition or there is increase in job

destruction makes me breaking the total separation rate into quits and layoffs . This

segregation is helpful in understanding the dynamics of the total job separation and

their association with the other variables in the economy. It is also important to seg-

regate, because if the separation is voluntary (quits) then total job separation will be

upward slope and if it is involuntary (layoffs) then this is job reallocation or transition

with wage cut then decrease in layoffs is expected. Therefore, based on this segrega-

tion, the results of the quits and layoffs are provided in Figure 1.3.
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Fig. 1.3 Impulse Response Functions Total Job Separation (Quits and Layoffs)

The results in Figure 1.3 show the impulse response functions of segregated total

job separation, i.e., quits and layoffs. The results are quite interesting, as one standard

deviation positive shock to government spending has a positive and significant effect

on quits at peak of 0.06 percent till the 12th quarter, and afterwards it starts decreasing

and then converges to the steady state after 20 quarters.

Increase in quits coupled with increase in participation and decrease in unemploy-

ment means that workers are in the state of employment and there is job-to-job tran-

sition. Workers are quitting one job and are still in employment which means workers

go for higher wage jobs climbing the wage ladder, resulting in an increase in the job-

to-job transitions. However, the response of the layoffs to the government spending

shock is negative which is opposite to that of the total job separation. For example, the

layoffs show a decreasing trend, such as -0.03 till 8th quarter and afterwards it starts

increasing and converges to steady state. These results clearly show that workers are

in the state of employment. These results further clarify the situation, as they stay in

the labour force and there is no voluntary unemployment. Furthermore, the downward

slope of layoffs also indicates that firms are not ready to layoff their workers and want

to retain them because, on average, the wage cost is low for the firm.

These separations in quits creates more unfilled jobs and hence increasing trend in

the vacancies. Furthermore, positive government spending shock also has a positive

effect on vacancies which means government creates lower paid (on average) public

sector jobs, hence, there is vacancy creation at the lower tail of earnings distribution.

Borjas (2002) argued that there is a difference in wages between public and private
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sector in US.

One important thing from above result reveals the fact that when I divided the total

job separation into quits and layoffs then results show that job-to job movement to

higher wage ladder and job creation in government sector on lower segment due to

positive government spending shock, creates two opposing forces. First, they are

pushed toward upward tail of wage distribution and second, there is increase in the

mass on bottom and this spread in wage distribution may lead to increase in income

inequality.

In this context, to examine how these movements in the job separation (such as

quits and layoffs) and spread in wage distribution increase the income inequality. Two

measures of income inequality (such as Gini Coefficient, and P90/10) are important

here Burkhauser, Feng, and Jenkins (2009). Therefore, I considered these two dis-

tinct measures of income inequality in the model with the total job separation. Gini

coefficient (GINI) is overall measure of income inequality, while P90/10 (IIE) is specifi-

cally used to measure the tails of the distribution. The results for the GINI and IIE are

provided in the Figure 1.4 and Figure 1.5, respectively.
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Fig. 1.4 Impulse Response Functions Total Job Separation (Quits and Layoffs) (Gini)

The GINI Graph in the Figure 1.4 shows that positive government spending shock
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has a negative and insignificant effect on the GINI, which is negative and decreasing

throughout time period and start increasing in 20th quarter. This means that govern-

ment spending shock has an effect on income distribution not only in terms of real

wages but it also affects the income inequality. It can also be seen that there is no

significant increase in income inequality. This implies that spread in wage distribu-

tion is still consistent that job-job movement is not very far to the right and not fall too

much to the bottom and it is concluded that there is decrease in inequality. Hence gov-

ernment spending does not compromise inequality. Goñi, López, and Servén (2008),

Martinez-Vazquez, Moreno-Dodson, and Vulovic (2012), stated that increase in gov-

ernment spending leads to decrease in income inequality. Moldogaziev, Monogan,

and Witko (2018) empirically found that greater redistributive spending leads to in-

crease in income inequality and Ball et al. (2013) also found that fiscal consolidation

has a significant and positive effect on income inequality. As GINI is the measure of

entire wage distribution and to see the changes only on the tails of the distribution, I

examined the P90/10 (IIE) and estimated the model again by replacing P90/10 with

the GINI. The results are provided in the Figure 1.5.
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Fig. 1.5 Impulse Response Functions Total Job Separation (Quits and Layoffs)
(P90/10)
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The IIE graph in the Figure 1.5 shows the response of IIE to the government spend-

ing shocks. P90/10 is the measure of income inequality, which is used to see the

response of positive government spending shock specifically on the tails of the wage

distribution. Results show that the immediate response of IIE exhibits slight increase

in inequality till second quarter and started decreasing afterwards. It is clear that the

Government spending has an instantaneous and short term impact on IIE. This im-

plies that in the short run, government spending may increase income inequality due

to dynamics in the labour market but as time goes by these jobs are concentrating

closer to the mean and hence there is initial spread in wage distribution) (as can be

seen through the spread in wages which is higher than the spread in IIE) and then

there is contraction. In conclusion, overall effect of government spending on income

inequality is insignificant with a decreasing trend.

1.4.2 Comparison of Total Job separation with Shimer’s To-
tal Job Separation

For the robustness check, I compared total job separation (i.e., calculated by adding

quits and layoffs) with total job separation constructed by Shimer (2005). Purpose of

this comparison is to see the responses of both types of separations to the positive

government spending shock.
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Fig. 1.6 Impulse Response Functions Shimer’s Total Job Separation Rate

I replaced total job separation with the Shimer’s total job separation and estimated

the model with other variables. Shimer’s total job separation was constructed using

20



formula derived by (Shimer 2005) which I already explained in section 4.3 (Data Col-

lection). Due to the difference in the construction of total job separation, results of the

Figure 1.2 and Figure 1.6 are quite different such that the graph of the total separa-

tion in the Figure 1.6 clearly shows that government spending shock has a negative

but insignificant effect on total job separation and this result is opposite to Figure 1.2

where government spending shock has a positive effect on total job separation. How-

ever, graph of total job separation (i.e., Figure 1.6) is similar to the graph of layoffs (i.e.,

Figure 1.3). These differences are due to the fact that Shimer (2005) did not include

quits while constructing the total job separation. Since total job separation (Figure 1.2)

is constructed by adding quits and layoffs, therefore, addition quits while constructing

total job separation has changed the response of total job separation to positive gov-

ernment shock. In this backdrop, it is concluded that addition of new variable (quits)

has a very strong effect on labour market through positive government spending shock.

1.5 Conclusion

Using all the important variables of the search and matching theory, I estimated the ef-

fects of fiscal policy shock on output and employment and on income inequality for the

US economy. I found very interesting results by applying SVAR. The results showed

that positive government spending shock has positive and significant effect on output,

consumption, labour force participation, employment, vacancies, job finding probability

and labour market tightness and negative effect on unemployment and real wages.

To examine the behaviour of labour market more deeply in response to positive

government spending shock I included total Job Separation in the model. Govern-

ment spending shock has a positive impact on the total job separation, employment

and labour force participation and negative effect on real wage. This implies that in-

cluding the total job separation variable in the model has some important association

with these labour market variables. On one hand, there is increase in job separation

which revels that there is job destruction and on the other hand, there is increase in

participation and employment. This implies that there is a job-to-job movement.

To see either there is job destruction or there is job-to-job movement, I segregated

total job separation into quits and layoffs. I found that government spending has a

positive and significant effect on quits and negative effect on layoffs, which confirm

the above results that workers are still in the labour market and are in the state of
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employment and there is job-to-job movement. Increase in quits together with falling

unemployment and increasing participation means workers go for higher wage jobs

as job-to-job transitions are climbing. Results also show that positive government

spending shock increases job creation in public sector which are on average lower

paid jobs hence vacancy creation is at the lower tail of wage distribution.

Job creation, both at higher and lower end of wage distribution, leads to create the

spread in wage distribution which may lead to increase in income inequality. More dis-

persion in wage distribution means more unequal society. To see either these dynam-

ics in wages are affecting income inequality, I used two measures of income inequality

i.e. Gini coefficient and P90/10. I found that there is no significant increase in income

inequality which implies job-to-job movement did not go too far to the right of wage

distribution and government sector jobs are not as low paid as one could think. As

GINI is the measure of entire wage distribution, therefore, to see the changes only on

the tails of the distribution, I replaced GINI with P90/10 (IIE) and estimated the model.

I found that government spending has an instantaneous and short-term impact on IIE.

This implies that there is an initial spread in wage distribution then contraction and in

the short run, government spending may increase income inequality due to dynamics

in the labour market, but overall effect of government spending on income inequality is

insignificant with a decreasing trend.
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CHAPTER 2

Fiscal Stimulus, On-the-Job-Search
and Labor Market Dynamics

2.1 Introduction

During past decade, several studies examined the effect of government spending

shock on unemployment using Dynamic Stochastic General Equilibrium (DSGE) mod-

els (e.g., Monacelli, Perotti, and Trigari 2010, Campolmi, Faia, and Winkler (2011),

Brückner and Pappa (2012), Shoag (2013), Serrato and Wingender (2016) and Kim

(2019)). Most of these studies examined the exogenous job separation in their mod-

els. Their underpinning assumption was that labor is getting employment through

matching function which is endogenously determined, while their transition from em-

ployment to unemployment is only due to exogenous separation. Much of the current

literature looks at employment response only at the level of the stock and inflows (job

finding rate). Disregarding outflows from employment misses important insights about

dynamics of employment, earnings and inequality. However, many empirical studies

exhibited that labor’s transition from employment to unemployment is not only due to

exogenous separation but also due to endogenous job separation. This endogenous

job separation, among other factors, gives rise to the on-the-job search.

The importance of on-the-job search in the labour market is widely discussed in the

literature (Pissarides (1994), Nagypál (2005), Burdett and Mortensen (1998), Krause

and T. A. Lubik (2006), Nagypál (2007) Tasci (2007), Menzio and Shi (2010), Ep-

stein (2012), Gertler, Huckfeldt, and Trigari (2020), among others). Pissarides (1994)

demonstrated that using on-the-job-search in search and matching model improves

the results and found that productivity shocks has a negative effect on unemployment

rate. Barlevy (2002) also examined on-the-job-search in the model and found that, in

recessions, there is a decrease in the job-to-job transition which leads to movement
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of workers to less productive jobs. Fallick and Fleischman (2004) and Nagypál (2005)

also explained that job-to-job transitions are an important part of search and matching

theory and play an important role to explain the dynamics of employment.

These studies incorporated on-the-job-search in the standard search and match-

ing theory, however, recent studies show that on-the-job-search plays an important

role to improve the performance of DSGE models. For example, Pissarides (1994),

Barlevy (2002), T. A. Lubik, Krause, et al. (2004), Nagypál (2005), Krause and T. A.

Lubik (2006). These studies use different shocks including productivity shock on these

variables but none of them examined the effect of government spending shock in their

studies.

Drawing on the above discussion, it is evident that there are very few studies which

examined the effect of fiscal policy shock on the employment, particularly in the con-

text of the DSGE framework using search and matching theory. Most of the studies

used exogenous job separation while developing the model, with very limited studies

added endogenous job separation. This study contributes to the existing literature by

developing a DSGE model using search and matching theory where I added two en-

dogenous job separations in the model i.e., quits via on-the-job-search with effort st,

and layoffs via operating cost Kt. By developing theoretical DSGE model using search

and matching frictions I examined the responses of these variables to the fiscal policy

shock along with productivity shock. These relationships have already been examined

empirically in the US Economy (Chapter 1), which are summarized below:

I empirically examined the employment response to government spending shock

at the level of outflows from employment for the US economy using 15 macroeco-

nomic variables including variables of search and matching theory. Results showed

that government spending positively affects employment and participation and nega-

tively affects unemployment. Furthermore, I segregated total job separation into quits

and layoffs and found that quits and layoffs move in opposite directions after the posi-

tive government spending shock. This movement implies increase in wage inequality.

To examine the effects of government spending on wage inequality, I used two vari-

ables i.e. Gini coefficient and P90/10 and found that predicted increase in inequality is

short-lived and negligible and inequality falls in longer term.

The above results warranted development of theoretical model for fiscal multipliers

by incorporating search and matching frictions in a DSGE model. There are three

objectives of this study. First objective is to corroborate the empirical findings of the
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chapter 1. For this purpose I developed a theoretical DSGE model using search and

matching frictions with responses of endogenous job separation to the fiscal policy and

productivity shocks. Second objective is to examined the effects of productivity shock

and government spending shock on a) employment and b) job-to-job transition in bad

as well as good jobs. Third objective of the study is to examined the effects of fiscal

policies on wages in bad and good jobs, and on two endogenous job separations.

To achieve these objectives of this chapter/study theoretical model was developed

and calibrated for US economy by giving productivity shock and government spending

shock.

Results show that on impact, aggregate output and output for bad type of jobs

are responding negatively to the aggregate productivity shock with increasing trend.

Productivity shock has positive effect on output for good job in short run and start de-

creeing afterwards. Wages in good and bad jobs are moving in opposite directions

in response to productivity shock. Employment in good type of jobs responded pos-

itively to shock in short run. Responses of vacancies in good sector to productivity

shock are positive whereas it is negative to vacancies in bad sector. This implies there

is job creation in good sector. Search intensity and on-the-job search are showing

same responses to the productivity shock i.e. both are negative but show increasing

trend. The reason behind this increasing trend in both graphs can be related to down-

ward slope of unemployment in both sectors. As unemployment decreases, employed

searchers start increasing the job in good sector as it is expected that there will be

vacancy creation after the positive productivity shock.

Effects of positive government spending shock on labor market are quite interesting

and according to the expectations. Positive government spending has negative effect

on output in good sector in the short run but it is increasing in the long run, whereas it

is opposite for the bad sector. Wages are considered to be most important variables,

as they affect the job-to-job transitions in both the sectors. Results also support the

proposition used in the paper that positive government spending shock has positive

effect on wages in good sector. Wages are positive throughout time while it is oppo-

site for the wages in the bad sector. Firms working in good sector are paying higher

wages and are not employing more workers therefore, employment in good sector is

decreasing as compared to employment in bad sector. This situation is favorable for

the firms in bad sector to create more vacancies and hire more workers because they

have to pay less wages. From the worker’s perspective, until there is an increase in
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vacancy creation in good sector, they will prefer to stay in the employment in bad job.

The results also showed that positive government spending shock has a positive ef-

fect on both the search intensity and on-the-job-search. This indicates that there is an

endogenous job separation and due to this, there is a job-to-job transition from bad to

good sector because of the differential in wages in both sectors. These results have a

very strong contribution in the search theory because these results verify the results of

chapter 1. Higher wages in good sector attract those worker who are already employed

with less wages. There is an increase in quits in bad sector but decrease in layoffs as

can be seen in the results that employment in bad sector increases but employment in

good sector is decreasing. This increase in employment in bad sector suggests that

there is a decrease in layoffs of employees from firms, however, workers are not willing

to work on current wages, therefore, as soon as they get job in good sector they would

most probably quit the bad sector and will be employed in good sector.

Theoretical model with two distinct wages and employment helps us to do differ-

ent kind of simulations. Therefore, keeping in mind the above findings it is important

to calculate the weighted average of both types of wages. Because, from the above

discussion, I can say that there is a job-to-job transition and reason of this transition

is wage dispersion and dispersion in wages leads to create wage inequality. I calcu-

lated the weighted average of both good and bad jobs by using employment in both

sectors. Results show that there is a sharp decrease in average wage till third quarter,

afterwards wages are increasing and due to increase in wages, labor are moving from

bad to good jobs. Higher increase in average wages also indicates that there is an

increase in wage inequality but the increment in inequality lasts only for five periods,

afterwards there is sharp decrease in wage inequality.

Rest of the chapter is organized as follows. In section 2.2, I provide review of

important and relevant literature, section 2.3 includes theoretical model, section 2.4

contains equilibrium equations, section 2.5 contains quantitative analysis and calibra-

tion and steady state values, section 2.6 presents model analysis, section 2.7 provides

inequality analysis, section 2.8 provides the summary and conclusion of the chapter.

2.2 Literature Review

Merz (1995) in her seminal work introduced exogenous job separation in the Search

and Matching theory of Diamond Mortensen-Pissarisdes by employing DSGE frame-
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work. Merz pointed out the shortcomings of the Real Business Cycle in the US econ-

omy and explained the nature of association between vacancies and unemployment

through the lens of search and matching models. Later, Den Haan, G. Ramey, and

Watson (2000) further developed the model by using search and matching frictions in

DSGE model with endogenous job separation.

Shimer (2005) further developed and showed that search and matching model ex-

plained the relationship of unemployment and vacancies in the USA economy and also

suggested further developments in the model. Following the suggestions of Shimer

(2005), different authors developed and tested the theory of unemployment in different

dimensions of the labor market, for example, sticky wage (Hall 2005) and on-the-job

search (Mortensen and Nagypal 2007).

Krause and T. Lubik (2010) used on-the-job-search in search and matching theory

under DSGE framework. They introduced two different types of jobs namely, “good”

and “bad” to explain on-the-job-search and job-to-job transition in the model. They

argued that both the employed and unemployed workers search for jobs. The former

search for good jobs, while the latter search for both the bad as well good jobs. They

further demonstrated that on-the-job-search plays vital role in explaining observed

cyclical up-gradation of workers to better employment opportunities, particularly in pe-

riods of booms. They argued that workers always look for the better opportunities,

therefore, number workers searching for good jobs are always high as compared to

those looking for bad jobs. Their model is consistent with other features of search

and matching model i.e., instability of vacancies and unemployment, and pro-cyclical

nature of the job-to-job transition.

Nagypál (2007) found that on-the-job-search can play an important role to explain

the cyclical behavior of search and matching models. He further argued that it is

important for the firms to offer higher wages to already employed workers viz-a-viz

unemployed workers if they want to attract more employed worker.

Tasci (2007) and Mortensen and Nagypal (2007) used on-the-job search in a quite

different way and introduced matching quality for the on-the-job-search. They argued

that employed workers will only switch to new employment if the new job would offer

better terms and conditions as compared to their current job.

There are very few studies which explained the effect of government spending

on unemployment using search and matching theory under DSGE framework Mona-

celli, Perotti, and Trigari (2010), Campolmi, Faia, and Winkler (2011), Brückner and
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Pappa (2012), Shoag (2013), Serrato and Wingender (2016) and Chun-Hung and Hi-

roaki (2019) used subsidies to the cost of posting vacancies as a fiscal policy shock

along with government spending shock and showed that positive government spend-

ing shock has a negative effect on vacancies with endogenous job separation.

Elsby, Michaels, and Solon (2009) and Fujita and G. Ramey (2009) found that

unemployment inflow rates contribute more than half of cyclical changes in unem-

ployment. However, Shimer (2012) found that the effect of outflow rate is larger as

compared to inflow rate and termed the inflow rate as non-cyclical in nature.

2.3 The Model

I begin with DSGE model with search and matching frictions in which quits and layoffs

are determined endogenously i.e., endogenous job separation. Purpose of developing

this theoretical model is to examine the effect of government spending shock and

the effects aggregate productivity shock on unemployment and on the economy to

corroborate the empirical results of chapter 1. The model presentation, the symbols

and notations of the variables are standard as provided in Pissarides (2000) book.

2.3.1 Environment

In a standard DSGE model, an economy consists of three actors i.e. households, firms

and the government. Following Krause and T. A. Lubik (2006) the basic assumption is

that in each household there is a continuum of infinitely-lived homogeneous workers

and from each firm there is a continuum of infinitely-lived heterogeneous firms, each

of measure one in a discrete time. According to them firms are categorize in two types

i.e. good and bad and they are different in terms of costs of creating new vacancies.

Since labor market is frictional, therefore, the costs of creating new vacancies have

some rents which ultimately lead to increase the differences across vacancies for the

employed worker and as a result this differential impel workers who are in low wage

job to search for job in high wage jobs.

It is assumed that only low wage employees do on-the job search subject to the

search intensity which is determined endogenously. Those worker who are already in

good job will not search for job as they are already getting those benefits which low

wage workers are looking for and also there is no incentive for them to search for job.

Firms and workers are working in frictional labor market. Firms are working in perfectly
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competitive market and by using labour, firms are producing their output and sell their

goods to the household. Low wage workers supply their services to the labor market

if they are employed and earn wages and will do on-the-job search until they find high

wage job.

In the model, employment is determined through search and matching and real

wage, while labor supply is determined through bargaining process. Once the firm and

worker meets and a job is created, production continues until a negative idiosyncratic

operating cost arrives and job is destroyed. In this model, job destruction is determined

endogenously through quits and layoffs. This means, both the workers and firms can

make decision about job destruction. Two endogenous job separations are added in

the model i.e., quits via on-the-job-search with effort st, and layoffs via operating cost

Kt. By following Chun-Hung and Hiroaki (2019), it is assumed that firm and worker

has to face an operating cost Kt and it is idiosyncratic to each match in the firm. It is

also assumed that Kt is independent and has identical distribution (i.i.d) across firms

with a range between 0 and 1. The range can be written in the form of the cumulative

distribution of Z :
[
K, K̄

]
−→ [0, 1]

This suggests that the existing match decides, on the basis of the resultant new

unique cost, either to continue the employment relationship and keep producing or to

simply terminate it. So each match in the firm selects a reservation value of operating

cost i.e.K̃. Firm will continue to produce till the point where Kt of job is below the K̃.

Otherwise firm will destroy the job.

Since there are two types of jobs in this model i.e. good and bad. Firm in good

sector pay higher wages and face low risk of loosing employees as compared to bad

sector. Therefore, profitability of both firms are different and at the same draw from

the distribution of operating cost may have different effects on the job destruction at

both types of firms. This motivates that reservation value of operating cost K̃ for good

and bad jobs are different. Therefore, I added K̃g
t and K̃b

t and considered different

operating cost for both firms. By adding these two distinct reservation values, I added

two equations that would pin down threshold and by virtue of reservation property,

solve the equations of value of job filled at the level of threshold equal to zero.

J(K̃g
t ) = 0

J(K̃b
t ) = 0
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It is also assumed that there is probability of exogenous job separation which is inde-

pendent to idiosyncratic operating cost and denoted by ρK .

2.3.2 Household’s Problem

Following Merz (1995), a representative household consists of a continuum of individ-

uals of mass one. It is assumed that a member of the household is either employed

or unemployed. Employed member of household is denoted by ni
t and unemployed is

denoted by ut = 1− nt. The household’s expected life time utility

∞∑
i=1

βt

[
C1−τ

t

1− τ
−Ψ0

n1+Υ
t

1 + Υ

]
(2.1)

0 < β < 1 is the subjective discount factor, Ct denote Consumption of HH, nt =

Number of workers, Ψ0 is Disutility of working, Υ = Inverse of the Frisch elasticity of

labor supply, 1
τ
= Intertemporal elasticity of substitution. Household budget constraint

is defined as:

Ct + Tt = wg
t (Kt)n

g
t + wb

t (Kt)n
b
t + utz +Πt (2.2)

Above equation states that employed household members whose source of earnings

are the incomes W generated through their employment and the other household

members who are unemployed and are on the benefits z. In addition, these house-

holds receive profits π after paying the lump sum taxes Tt to the government and both

types of firms face aggregate hiring cost Ht = σgvgt +σbvbt . Since aggregate production

functions are CRS, therefore, profits, income and unemployment benefits are equal to

zero, HH optimization:
∞∑
i=1

βt

[
C1−τ

t

1− τ
−Ψ0

n1+Υ
t

1 + Υ

]
subject to:

Ct + Tt = wg
t (Kt)n

g
t + wb

t (Kt)n
b
t + utz +Πt

λt is the Lagrange multiplier

L = E

[
∞∑
i=1

βt

[
C1−τ

t

1− τ
−Ψ0

n1+Υ
t

1 + Υ

]
− λt

{
Ct + Tt − wg

t (Kt)n
g
t − wb

t (Kt)n
b
t − utz − Πt

}]
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Differentiate w.r.t.ct to get the first order condition

∂L

∂Ct

= ∂Ct : 0 =
(1− τ)C1−τ−1

t

1− τ
− λt

C−τ
t = λt (2.3)

2.3.3 Firm’s Problem

Following Acemoglu (2001) and Krause and T. A. Lubik (2006) Firm’s problem is de-

fined as follows: Production of a relevant firm of both types i = g, b is give by

yi,t = At(nt)
i (2.4)

At = Aggregate Productivity, ni
t = no of workers in sector i. As there are two types

of jobs, I would have two types of output produced by two different firms. Therefore,

aggregate output is the combination of output of good firm and output of bad firm i.e.

yt =
[
αyυbt + (1− α)yυgt

]1/υ (2.5)

where ygt and ybt shows aggregate production of first input and aggregate production

of second input respectively. υ < 1 and elasticity of substitution between both inputs

is 1/(1 − υ). α shows relative share of ybt in the final production. Since, I assumed

the perfectly competitive market so prices of two goods i.e.ybt, ygt are determined as

follows:

Pgt = (1− α)yυ−1
gt y1−υ

t

Pgt = (1− α)

(
ygt
yt

)−(1−υ)

(2.6)

Pbt =
υ−1
bt y1−υ

t

Pbt = α

(
ybt
yt

)−(1−υ)

(2.7)

Total profits of both firms are as follows:

Πt =

∫ K̄

K

(Pgtygt + Pbtybt)−
(
wg

t (Kt)n
g
t + wb

t (Kt)n
b
t

)
−
(
σgvgt + σbvbt

)
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2.3.4 Labour Market

Labor market is designed by following the standard model of search and matching de-

veloped by Mortensen and Pissarides (1994). I added on-the-job-search as a variable

by following Krause and T. A. Lubik (2006) with endogenous job separation. They ar-

gued that there is a frictional labor market and there is no instantaneously match of

firm and worker. Firm and worker will have to face a time consuming search process.

On-the-job-search is incorporated by defining two types of jobs i.e. good job and bad

job. As I have two types of jobs, therefore, keeping in mind this I created two types of

matching functions. I assumed that both matching functions are continuous, increasing

both in its arguments, concave and homogeneous of degree one.

• Matching Functions

Matching functions for good job and bad job are described as follows:

mg
t = mg(v

g
t )

1−ζ(ug
t + et)

ζ (2.8)

mb
t = mb(v

b
t )

1−ζ(ub
t)

ζ (2.9)

mi measure efficiency of matching process of good jobs uit,i=g,b unemployed workers

are searching for both types of jobs. vit,i=g,b number of vacancies. ζ is matching

elasticity with respect to unemployment in both types of jobs.

et = stn
b
t (2.10)

et measure the efficiency of employed worker in bad job search for good job. st =

search intensity. Search intensity will be same for unemployed worker for the time

being.

nb
t is measure of all workers employed at time t in bad jobs by across all firms that

heterogeneous with respect to operating cost Kt. This implies, nb
t is aggregate mea-

sure of firm size across all heterogeneous firm. Given that, ng
t and nb

t are aggregate

measure of employment in good and bad sector in the economy respectively Following

Krause and T. A. Lubik (2006) stocks of employment are described as follows:

ng
t+1 = (1− ρK)[ng

t +mg
t ] (2.11)
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nb
t+1 = (1− ρK)[nb

t +mb
t − pgt stn

b
t ] (2.12)

and Aggregate unemployment is given by

ut = ug
t + ub

t = 1− ng
t − nb

t = 1− nt (2.13)

Labor market tightness for good job is defined as θgt =
vgt

ug
t+et

and same like labor market

tightness for bad job is defined as θbt =
vbt
ub
t
. Job finding probability of each types of job

is given by

pgt ≡
mg

t

ug
t + et

= mb(θ
g
t )

1−ζ (2.14)

pbt ≡
mb

t

ub
t

= mb(θ
b
t )

1−ζ (2.15)

The current probability that a firm fill a vacancy in good and bad job is given by

qgt ≡ mg
t

vgt
= mg(θ

g
t )

−ζ (2.16)

qbt ≡
mb

t

vbt
= mb(θ

b
t )

−ζ (2.17)

I assumed that if firms and workers are matched in current time period i.e. t, then this

match will also continue at the beginning of next period i.e. t+ 1.

• Value Function of Job Filled (GOOD)

In search and matching model, choices of firms and workers are defined by the Bell-

man equations. As here are two types of jobs, therefore, I have two types of value

functions of jobs filled with worker. The values of the two types (good and bad) of jobs

filled with an idiosyncratic operating cost Kt, Jt(Kt), satisfies for good job

Jg
t (Kt) = AtPgt − wg

t (Kt)−Kt + Etβt

{
(1− ρK)

∫ K̃g
t+1

K

Jg
t+1(Kt+1)dΦ(Kt+1)

+
[
1− (1− ρK)Φ(K̃t+1)

]
V g
t+1

}
(2.18)

Where βt = β λt+1

λt
is the discount factor. Et is expectation operator at time t. Above

value function states that in current time period firm will produce output and pay wages

wg
t and pay operating cost Kt. In next time period, if any exogenous shock is not

destroying the match and if Kt is below the K̃g
t+1 then match will continue and firm will
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get Jg
t+1 (Kt+1), and if the match will not continue then the firm will post a new vacancy

in good job.

• Value Functions of Job Filled (BAD)

J b
t (Kt) = AtPbt − wb

t (Kt)−Kt + Etβt

{
(1− ρK)(1− ptst)

∫ K̃b
t+1

K

J b
t+1(Kt+1)dΦ(Kt+1)

+ [1− (1− ρK)pgt stΦ(K̃t+1)]V
b
t+1

}
(2.19)

Value of filled job with bad type of job states that, in current time period firm will produce

output and pay wages wb
t and bear operating cost Kt. For bad job I can say that worker

will continue to work in the next time period at the rate of
(
1− ρK

)
. Bad job has to face

an additional risk that workers will leave and they can go to the good jobs. It depends

on the search effort st of the worker, such as higher search effort/intensity with higher

probability pgt that matched with good job results in movement of workers to good job

and reduces the probability to retain within bad job in the following period.

• Value Function of Vacant Job

Value of a vacancy for both types of jobs i = g, b, is:

V i
t = −σi+Etβt

{
qit
(
1− ρK

) ∫ K̃t+1

K

J i
t+1(Kt+1)dΦ(Kt+1) + [(1− (1− ρK)qit)Φ(K̃t+1)]V

i
t+1

}
(2.20)

Where σ representing Vacancy cost. A vacancy is created and filled in the following

period with the probability qit
(
1− ρK

)
and the probability that job will remain unfilled is

(1− qit
(
1− ρK

)
). Free entry condition states that these values of vacant jobs are equal

to zero at any point in time, V g
t = V b

t = 0 for all t. By solving value functions of both

unfilled jobs give the following job creation conditions for both types of jobs.

Job Creation Conditions

σg

qgt
= (1− ρK)Etβt

∫ K̃g
t+1

K

Jg
t+1 (Kt+1) dΦ (Kt+1) , (2.21)

and
σb

qbt
=
(
1− ρK

)
Etβt

∫ K̃b
t+1

K

J b
t+1 (Kt+1) dΦ (Kt+1) (2.22)

This above expression states that expected cost of posting vacancy is equal to the

expected benefits of job filled in good and bad jobs respectively.
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• Value Function of Employed Worker (GOOD)

Value of employed worker of two types of job i.e. good and bad are as follows:

W g
t (Kt) = wg

t (Kt)+Etβt

{
(1− ρK)

∫ K̃t+1

K

W g
t+1(Kt+1)dΦ(Kt+1) +

[
1− (1− ρK)Φ(K̃t+1)

]
Ut+1

}
(2.23)

The value of employed worker for good job includes wages of good job and the value

of staying in employment if the match is not destroyed or the value of not staying in the

employment if the match is destroyed.

• Value Function of Employed Worker (BAD)

W b
t (Kt) = max

st

{
wb

t − I(st) + Etβt

{
(1− ρK)(1− stp

g
t )

∫ K̃t+1

K

W b
t+1(Kt+1)dΦ(Kt+1)

+ (1− ρK)stp
g
t

∫ K̃t+1

K

W g
t+1(Kt+1)dΦ(Kt+1) + 1− (1− ρK)Φ(K̃t+1)Ut+1

}}
(2.24)

The value of employed worker for bad job consists of wages of bad job, cost of search,

search effort of worker and probability that worker is matched with the good job and

the value of employment become good. st is search intensity and I(st) is the cost of

search intensity and it is strictly convex. As Krause and T. A. Lubik (2006) stated that

higher search intensity means there are more chances of worker to match with good

job. Optimal Search intensity is derived as:

I ′(st) =
µ

1− µ
pgt

(σg

qgt
− σb

qbt

)
(2.25)

• Value Function of Unemployed Worker

Values of unemployed worker for two types of jobs i.e.good and bad are

U i
t = z+Etβt

{
pit(1− ρK)

∫ K̃t+1

K

W i
t+1(Kt+1)dΦ(Kt+1) +

[
1− pit(1− ρK)Φ(K̃t+1)

]
U i
t+1

}
(2.26)

U g
t = U b

t = Ut for all t. Above value function for unemployed worker states that un-

employed workers get the unemployment benefit z in current period and start search

for job. With pit, is the probability of matching with the job. If Kt is below the K̃t+1 and

match is continue without any exogenous shock, then the workers will remain in the

employment in next period and get the value to remain in the employment, otherwise,
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workers will be unemployed and get the unemployment benefits of being unemployed.

U g
t = z+Etβt

{
pgt (1− ρK)

∫ K̃t+1

K

W g
t+1 (Kt+1) dΦ (Kt+1) +

[
1− pgt

(
1− ρK

)
Φ
(
K̃t+1

)]
Ut+1

}
(2.27)

U b
t = z + Etβt

{
pbt
(
1− ρK

) ∫ K̃t+1

K

W b
t+1 (Kt+1) dΦ (Kt+1) +

[
1− pbt

(
1− ρK

)
Φ
(
K̃t+1

)]
Ut+1

}
(2.28)

By solving both value functions simultaneously and using job creation conditions above

I get
σg

qgt
pgt =

σb

qbt
pbt (2.29)

Further solving the above equations

θgt σ
g = θbtσ

b (2.30)

This implies that labor market tightness for good job and bad job is proportional to the

cost of job creation.

• Wage Determination

Wages are determined as a result of a mutual bargaining process between firms and

workers. Negotiation between firms and workers take place through Nash bargains

and choose wages to divide the surplus of match between firms and workers depend-

ing on the relative bargaining power of both. Surplus for workers is (W i
t (Kt)− Ut)

µ and

surplus for firms is (J i
t − V i

t )
1−µ. Using free entry condition V i

t = 0 the surplus of firm

= (J i
t )

1−µ. where µ ∈ (0, 1) = Worker’s bargaining power. Total surplus of a match is

(Si
j = J i

t +W i
t − Ut) and worker’s surplus from total surplus is W i

t − Ut = µSi
t whereas

firm’s surplus J i
t = (1 − µ)Si

t . As there are two types of jobs, therefore, I derive wage

equation for both types of job one by one. Complete derivation is available in appendix.

Wage Determination for Good Job

wg
t (Kt) = µPgtAt − µKt + µσgθgt + z(1− µ) (2.31)

Wage Determination for Bad job

wb
t (Kt) = µ (PbtAt −Kt + (1− st)σ

gθgt ) + (1− µ) (z + I(st)) (2.32)
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Equation (2.31) and (2.32) states that wage is sum of marginal revenue product, oper-

ating cost, and income of being unemployed ( unemployment benefits).

2.3.5 The Government

Lump sum taxes are imposed to household to finance government spending Gt and

to pay unemployment benefits utz to the unemployed workers. Hence the budget

constraints is given as follows:

Tt = Gt + utz (2.33)

Government spending Gt, is added in the model as a shock. I investigated the effect of

positive government spending shock on the labour market variables keeping in mind

that there is job-to-job transition from bad to good type of job. I also investigated how

these movements from bad to good affect unemployment and employment. Gt, follows

the exogenous stochastic processes:

logGt = ρGlogGt−1 + ϵGt (2.34)

where ρG = Persistency Coefficient, εG,t = i.i.d innovation. Combining household

budget constraint with government budget constraint I get

yt = Ct +Gt − σgvgt − σbvbt (2.35)

2.4 Equilibrium

Four blocks are added in the model i.e. Household, Firm and Labour market. Equilib-

rium of the model is attained by using all equilibrium equations with the all endogenous

variables. There are 28 equilibrium equation and 28 variables.

(
yt, y

g
t , y

b
t , Ct, Pg,t, Pb,t, At, Gt,m

g
t ,m

b
t , n

g
t , n

b
t , q

g
t , q

b
t , θ

g
t , θ

b
t , u

g
t , u

b
t , v

g
t , v

b
t , w

g
t , w

b
t , K̃

g
t , K̃

b
t , et, st, p

g
t , p

b
t

)
and the parameters of the model are as follows:

(
α, β, δ,Υ, τ,Ψ,mg,mb, ζ, σ

g, σb, ρK , η, µ, γ,Ω, z, σ, ρg, ρA, υ
)
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2.5 Set of Equilibrium Equations

In this section I summarize all equations of the model. Steady State equations and

log-linearized model is presented in Appendix A.3.

Output for Good Job

yg,t = Atn
g
t (2.1)

Output for Bad Job

yb,t = Atn
b
t (2.2)

Aggregate Output

yt =
[
αyυbt + (1− α)yυgt

]1/υ (2.3)

Prices in Good Job

Pg,t = (1− α)

(
ygt
yt

)−(1−υ)

(2.4)

Prices in Bad Job

Pb,t = α

(
ybt
yt

)−(1−υ)

(2.5)

Employment in Good Job

ng
t+1 = (1− ρK)[ng

t +mg
t ] (2.6)

Employment in Bad Job

nb
t+1 = (1− ρK)[nb

t +mb
t − pgt stn

b
t ] (2.7)

Employed Searchers

et = stn
b
t (2.8)

Aggregate Unemployment

ut = ug
t + ub

t = 1− ng
t − nb

t = 1− nt (2.9)

Matching Functions Good Job

mg
t = m (vgt , u

g
t + et) = mg(v

g
t )

1−ζ(ug
t + et)

ζ (2.10)
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Matching Functions Bad Job

mb
t = m

(
vbt , u

b
t) = mb(v

b
t )

1−ζ(ub
t)

ζ(2.11)

Firm Match Probability in Good job

qgt =
mg

t

vgt
= mg(θgt )

−ζ (2.12)

Firm Match Probability in Bad job

qbt =
mb

t

vbt
= mb(θbt )

−ζ (2.13)

Worker Match Probability in Good job

pgt =
mg

t

(ug
t + et)

= mg(θgt )
1−ζ(2.14)

Worker Match Probability in Bad job

pbt =
mb

t

ut

= mb(θbt )
1−ζ (2.15)

Operating Cost Reservation Threshold for Good job

J(K̃g
t ) = 0 (2.16)

Operating Cost Reservation Threshold for Bad job

J(K̃b
t ) = 0 (2.17)

Labour Market Tightness for Good job

θgt =
vgt

(ug
t + et) (2.18)

Labour Market Tightness for Bad job

θbt =
vbt

(ub
t

)
(2.19)
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Job Creation Condition for Good job

σg

qgt
= βt

(
1− ρK

)
(1− µ) K̃g

t+1

[
K̃g

t+2 −
K̃g

t+1

2

]
(2.20)

Job Creation Condition for Bad job

σb

qbt
= βt

(
1− ρK

)
(1− µ) (1− st)p

g
t K̃

b
t+1

[
K̃b

t+2 −
K̃b

t+1

2

]
(2.21)

Wage Determination in Good Job

wg
t (Kt) = µ[Pg,tAt −Kt + σgθgt ] + z(1− µ) (2.22)

Wage Determination in Bad Job

wb
t (Kt) = µ[Pb,tAt −Kt + (1− st)σ

gθgt ] + (1− µ)(z + I(st)) (2.23)

Optimal Search Intensity

γΩ(st)
Ω−1 =

µ

1− µ
pgt

( σg

qgt
− σb

qbt

)
(2.24)

Resource Constraint Condition

ct = yt − σgvgt − σbvbt −Gt (2.25)

Aggregate Consumption

cτt = c−τ
t+1 (2.26)

Government Spending Shock

logGt = ρGlogGt−1 + ϵGt (2.27)

Aggregate Productivity Shock

logAt = ρAlogAt + ϵAt (2.28)
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2.6 Quantitative Analysis and Calibration

In this section I examined the dynamic responses of the model to the positive gov-

ernment spending shock and productivity shock. First, I approximated the equilibrium

equations around the non stochastic steady state, and then I estimated the model

by assigning the numerical values to the parameters. Values of all parameters and

sources are available in 2.1.

I calibrated the model by using parameters values commonly used in literature for

US1. Parameter values of matching elasticity ζ = 0.4, vacancy cost of good job and

vacancy cost of bad job σg = 0.16, σb = 0.04, respectively, level parameters mg = mb =

0.6 and relative risk aversion parameter τ = 1 are used by following Krause and T. A.

Lubik (2006). Values of some parameters are standard in literature for the US economy

e.g. subjective discount factor β = 0.99, separation rate ρK = 0.1. Bargaining share is

set to µ = 0.5 which is also standard for US in the literature. I assume that range of

idiosyncratic cost distribution is [0, η] where Φ(K) = K/η. η represents endogenous job

separation and η = 1 as set by Kuo and H. Miyamoto (2019). Value of Frisch elasticity

is set Υ = 1.0 and value of unemployment benefits is z = 0.24 as set by Shimer (2009)

and disutility of worker Ψ0 = 0.40 set by Shimer (2012). Following Krause and T. A.

Lubik (2006) search cost of on the job is assumed to convex and increasing in search

intensity. For the model, I assumed that I(s) = γsΩ where γ > 0 and , Ω > 1. Values

of these parameters also set by following Krause and T. A. Lubik (2006) i.e. Search

cost function parameter is set to γ = 0.04 and search elasticity is set to Ω = 1.1. For

the calibration of the shock process government spending shock follow AR(1) process

with the common parametric value in literature i.e. ρG = 0.91/3.

1Shimer (2009),Shimer (2012), Krause and T. A. Lubik (2006). Most of the values used here are
based on the studies which conducted for US
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Table 2.1 Calibration and Parameter Values

Parameter Description Values
β Discount Factor 0.99
α bad job share in Production 0.333
Υ Frisch Elasticity 1.0
τ Relative Risk Aversion 1.0
Ψ0 Disutility of Worker 0.40
mg Level Parameter 0.66
mb Level Parameter 0.66
ζ Matching Elasticity 0.4
σg Vacancy Cost of good job 0.16
σb Vacancy Cost of bad job 0.04
ρK Separation Rate 0.1
η Upper support of Φ 1
µ Bargaining share 0.5
γ Search Cost Function Parameter 0.04
Ω Search Elasticity 1.1
υ CES Elasticity Parameter 0
z Unemployment Benefits 0.24
ρA Agg. Productivity Autoregressive pa-

rameter
0.90

ρG Govt. Spending Autoregressive pa-
rameter

0.91/3

ϵA Standard Deviation of Innovation 1
ϵG Standard Deviation of Govt.Spending 1

Steady state values are calculated numerically and few are taken from Krause and

T. A. Lubik (2006) for estimation. Probabilities of filling vacancies are set to qgss = 0.59

and qbss = 0.57 for good and bad job respectively. Likewise probabilities of job finding

from good and bad are set as pgss = 0.43, pbss = 0.67. Steady state value of vacancy

for good and bad job is V g
ss = 0.020 and vbss = 0.025. Employment level for good

and bad job is calculated numerically ng
ss = 0.60, nb

ss = 0.35. Wages for good and

bad sector are calculated numerically wg
ss = 0.46 and wb

ss = 0.45. Matching efficiency

for both types of job is mg
ss = 0.057 and mb

ss = 0.092. Steady state search effort is

set as Sss = 0.48 with the steady state value of employed searcher is calculated as

ess = Sssn
b
ss = 0.168. Steady state values of Aggregate output Yss = 0.25, Output (good

and bad)Y g
ss = 0.51, Y b

ss = 0.19 are also calculated numerically.Reservation costs for

good and bad job is calculated numerically i.e. K̃g
ss = 1.1, K̃b

ss = 0.53. Labor market

tightness for good job and bad job are θgss = 0.186, θbss = 0.89. Lastly steady state value

of Ass = 1. Steady state value of prices in good sector Pgss = 0.24 and prices in bad

sector Pbss = 0.54 is calculated numerically.
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Table 2.2 Steady State Values

Parameter Description Values
A Aggregate Productivity 1
ng Employment (good) 0.60
nb Employment (bad) 0.35
wg Wages (good) 0.46
wb Wages (bad) 0.45
qg Probability of filling vacancy (good) 0.59
qb Probability of filling Vacancy (bad) 0.57
pg Probability of job finding (good) 0.43
pb Probability of job finding (bad) 0.67
vg Vacancy (good) 0.020
vb Vacancy (bad) 0.025
mg Matching Efficiency (good) 0.057
mb Matching Efficiency (bad) 0.092
S Search Effort 0.48
E Employed Searcher 0.168
Y Aggregate Output 0.25
Y g Output (good) 0.51
Y b Output (bad) 0.19
θg LMT (good) 0.186
θb LMT (bad) 0.89
Pg Prices (good) 0.24
Pb Prices (bad) 0.54
K̃g

ss Reservation cost (good Job) 1.1
K̃b

ss Reservation cost (bad Job) 0.53

2.7 Model Analysis

I analyzed the model through impulse responses. I used the aggregate productivity

and government spending shocks to estimate the model of the labor market. I analyzed

the theoretical model with the introduction of two separation margins i.e. quits (through

on-the-job-search) and layoffs (through operating cost). As the objective of the study

is to examine the effect of fiscal policy shock and aggregate productivity shock on

labour market through these two separation margin, the results show the importance

of theoretical model which i developed to confirm the results of chapter 1.

2.7.1 Effects of Aggregate Productivity Shocks on Labour
Market

In the below figure 2.1 the results show the dynamic behavior of core variables of

model in two types of the jobs i.e. (good and bad job) in response to positive aggregate

productivity shock.
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Fig. 2.1 Impulse response Functions to 1 Percent Productivity Shock

Results show that on impact, aggregate output and output in bad sector are re-

sponding negatively to the aggregate productivity shock till the 40 period but the trend

is increasing which means it will be positive in the following periods. Whereas, output

for good job is positive throughout the time period and increasing till the 10th period

and starts decreeing afterwards. Wages in good and bad job are moving in opposite

directions. Wages in bad sector are positive and increasing till 8 periods and after that

it start decreasing. Positive productivity shock has positive effect on employment in

good sector but trend is declining and converges to steady states. Results also show

that there is a slight increase in unemployment in good sector and decrease in bad

sector.
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Fig. 2.2 Impulse response Functions to 1 Percent Productivity Shock

The results in figure 2.2 show that responses of vacancies in both sectors are quite

different. For good sector, it is increasing i.e., aggregate productivity has a positive

impact on vacancy creation in good sector but it has negative impact on vacancies in

bad sector. Search intensity and on the job search are showing same responses to

productivity shock i.e. on-the-job-search is declining and below zero till 40 period and

converging to steady state in long run, similarly search intensity is positive through-

out the period but showing declining trend. The reason behind this negative trend in

both graphs can be related to to downward slope of unemployment in both sectors.

As unemployment decreases employed searchers start increasing searching the job

in good sector as they expect vacancy creation after the positive productivity shock.

Furthermore, productivity shock has a negative impact on labor market tightness of

both sectors. In contrast to the existing literature, the impulse responses to productiv-

ity shock with on-the-job search are different e.g. Krause and T. A. Lubik (2006). This

45



difference is due to the extension of the model of Krause and T. A. Lubik (2006) by in-

cluding endogenous job separation in the model with two distinct margins. In addition

to this extension, I also added government spending shock with productivity shock.

Therefore, the impulse responses of this study are different from those available in the

existing literature.

2.7.2 Effects of Government Spending Shock on Labour
Market
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Fig. 2.3 Impulse Response Functions to 1 Percent Govt. Spending Shock

Figure 2.3 reporting the effect of positive fiscal policy shock on labour market. Re-

sults show that the aggregate output is above zero but showing downward trend and

approaches to zero in the long run. Whereas output in good sector is negative but

responded positively to the government spending shock, i.e., the effect is increasing

after the 10th period. Government spending shock has a positive impact on the output
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in bad sector as it is positive throughout the periods but trend is slightly decreasing.

Wages, the actual reason of job-to-job transition, is one of the most important vari-

ables of this model in both sectors. As good sector is paying higher wages, therefore,

workers who are employed in bad sector are looking for jobs in good sector because

they want to get higher wages. Results also support the proposition used in the paper

that positive government spending shock has positive effect on wages in good sector.

Wages are positive throughout time period till 40 periods and increasing from period

0 to 10 periods and opposite for the wages in the bad sector. Firms, operating in the

good sector and paying higher wages, are not employing more workers, therefore, em-

ployment in good sector is decreasing as compared to employment in bad sector. It is

beneficial for the firms working in bad sector to increase vacancy creation and employ

more labor because they have to pay less wages. It was not possible to find these

results in an empirical study which I conducted in chapter 1. Responses of these

variables to the positive government spending shock and addition of two separation

margin in a different way in theoretical model clearly show that the development of

theoretical model with two separation margins not only improve the results but also

show job-to-job transition of worker from bad to good sector and responses of workers

to both types of wages.
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Fig. 2.4 Impulse Response Functions to 1 Percent Govt. Spending Shock
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Figure 2.4 explains that from the worker’s perspective until there is an increase in

vacancy creation in good sector, they will prefer to stay in the employment in bad job.

Operating cost is Kt in the model and firm will produce output while paying wages wg
t

while bearing operating cost Kt in the current time period. However, in the next time

period, if any exogenous shock is not destroying the match and if Kt is below the K̃g
t+1,

the match will continue and firm will get Jg
t+1 (Kt+1), and if the match will not continue

the firm will post a new vacancy in good job. I can see from the results that as match

in good job is decreasing there is an increase in the vacancy creation in good sector.

Positive government spending shock has a positive effect on both the search intensity

and on-the-job-search. This shows that there is a job separation in the economy which

results in the job-to-job transition from good to bad sector and reason is the differential

in wages in both sector.

These results have a very strong contribution in the search and matching theory

because these results are corroborated with the empirical evidence provided in the

chapter 1. The IRFs of chapter 1 also presenting effect of government spending shock

on labour market but the results of this study show that theoretical model using search

and matching frictions specifically by adding quits (through on-the-job-search) and lay-

offs (through operating cost) in the model give us strong evidence that positive govern-

ment spending shock has effect on the operating cost, vacancy creation in good sector,

vacancy creation in bad sectors and more importantly on wages in both sectors. It was

not possible to find all these effects in an empirical study. Therefore, findings of chap-

ter 1 not only explore new ways of thinking for me in the form of developing a DSGE

model but also help me to find effect of government spending shock on labour market

in different perspective. The results of the second chapter, i.e., the results produced

by using a theoretical model under the DSGE framework using search and matching

theory with the on-the-job-search not only support results in the chapter 1 but also

showing detailed analysis of the labour market.

2.8 Inequality Analysis

Theoretical model with two distinct wages and employment helps us to do different kind

of simulations. Therefore, keeping in mind the above findings it is important to calcu-

late the weighted average of both types of wages. Because, from above discussion,

I can say that there is a job-to-job transition and reason of this transition is wage dis-
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persion and dispersion in wages leads to create wage inequality. By using the results

I calculated the weighted average of both good and bad jobs by using employment in

both sectors. Below graphs shows that there is sharp decrease in average wage till

third quarter and afterwards wages are increasing and due to increase in wages labor

are moving from bad to good jobs. Higher increase in average wage also indicates

that there is increase in wage inequality but the increment in inequality is only last

for five periods and then there is sharp decrease in wage inequality. These findings

are consists with chapter 1 where I have used extensive secondary data of US labor

market and found that job creation at both higher and lower end of wage distribution

lead to create spread in the wage distribution and this spread in wage distribution may

lead to increase in income inequality. I used Gini coefficient and P90/10 to measure

the income inequality and found that Government spending has an instantaneous and

short-term impact on income inequality. This implies that there is initial spread in wage

distribution then contraction and in the short run, government spending may increase

income inequality due to dynamics in the wage distribution but overall effect of govern-

ment spending on income inequality is insignificant with a decreasing trend.

Fig. 2.5 Aggregate Wage
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Fig. 2.6 Wage Inequality

2.9 Conclusion

In this chapter I examined the effect of fiscal stimulus on labor market dynamics for US

Economy. For this purpose, I developed a DSGE model using search and matching

frictions and introduced two endogenous job separations margins (quits and layoffs)

in the model. Quits are introduced through on-the-job-search with search effort and

layoffs through operating cost. I also used aggregate productivity shock with govern-

ment spending shock. Results show that positive government spending shock has

positive effect on wages in good sector and a negative effect on wages in bad sector.

Results also show that government spending increases job creation in good sector

which increases job-to-job movements from bad to good sector. Fiscal policy shock

has a negative effect on layoffs in bad sector, as due to decrease in wages in bad

sector firms want to retain their workers however, workers will stay only until they get

job offer from good sector. The results further show that, once there is a vacancy

creation in good sector, there is increase in quits in the bad sector, while decrease in

unemployment in good sector. These results suggest that there is always a trade-off

between the employment generation in the good sector would almost always increase

unemployment in the bad sector. This would further increase the job creation in the

bad sector and more opportunities for the new workers in the job market.
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I also did simulation by calculating average wages by using both types of wages and

both types of employments. The results show that there is sharp decrease in average

wage and it start increasing afterward. This indicates that there is wage inequality

in labor market. Worker move from bad to good sector due to this wage inequality.

These movement creates more job vacancies in the bad sector and firms in the bad

sectors struggle to fill these vacancies, unless there are fresh unemployed workers

in the labour market. The aim of the fresh workers is only securing a job regardless

of it being good or bad. This implies that government spending creates more job

opportunities in the good sector in first instance, and movement of workers from bad

sector to the good sector ultimately provides more job opportunities in the bad sector

for new workers.
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CHAPTER 3

Fiscal Policy with Labor Market
Frictions

3.1 Introduction

This chapter is the extension of the chapter (chapter 2) and is motivated by the inter-

esting results. In chapter 2, I contributed to the existing body of knowledge by adding

endogenous job separation with two distinct forms of job separation i.e., quits through

on-the-job search and layoffs via operating cost in DSGE model using search and

matching theory. I empirically examined these relationships for the US economy (see

chapter 1). In chapter 2, I theoretically examined the responses of these variables to

the fiscal policy (i.e., government spending) and productivity shocks.

Following Krause and T. A. Lubik (2006), in chapter 2, I introduced two types of

firms named as ”good” and ”bad” and they are different in terms of costs of creating

new vacancies. Since labor market is frictional, therefore, the costs of creating new

vacancies have some rents which ultimately lead to increase the differences across

vacancies for the employed worker and as a result this differential impel workers who

are in low wage job (bad sector) to search for job in high wage jobs (good sector). I

assumed that workers in bad sector do on-the-job search as they want to get higher

wages.

Results of chapter 2 show that positive government spending shock has positive ef-

fect on wages in good sector whereas negative effect on wages in bad sector. Results

also show that government spending increases job creation in good sector which leads

to increase in job-to-job movements from bad to good sector. Fiscal policy shock has a

negative effect on layoffs in bad sector. Firms, in bad sector, want to retain the workers

in the long run, however, workers will stay in the firm until they get job offer from good

sector. Results further show that the vacancy creation in good sector increases quits
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in bad sector and decreases unemployment in good sector. Furthermore, on aver-

age, aggregate wages are decreasing in the short run and increasing in the long run,

which is an indication of the wage inequality in the labor market and causing workers’

movement from bad to good sector.

From the above discussion, it is evident that there is a wage inequality in US la-

bor market which leads to increase in income inequality in the economy and hence

workers’ welfare decreases in the long run. Therefore, there is a need of government

intervention specifically for the workers to decrease the wage inequality. This moti-

vated me to introduce such fiscal policy instrument in the existing model of chapter 2

which can be helpful to reduce wage inequality, improve welfare of the workers and

create job vacancies in the US economy. The most relevant fiscal policy instrument

in this case is hiring subsidy. Hiring subsidy can be defined as ’to reduce the cost of

posting vacancy government provide subsidy to all firms for more job creation’. Thus,

the main aim of this study is to develop DSGE model with endogenous job separation

considering on-the-job-search by introducing fiscal policy tool i.e., hiring subsidy and

to propose some recommendations on the basis of results to reduce the wage inequal-

ity. I want to corroborate the results of the empirical study (chapter 1) and theoretical

study (chapter 2) with responses of endogenous job separation.

To achieve the objectives of this study, I devised three research questions. First,

what are the effects of hiring subsidy on US labor market? Second, which sector

(good or bad) of the labor market is affected by hiring subsidy? and Third, does hiring

subsidy reduce wage inequality?

Theoretical as well as empirical literature examined the effect of different employ-

ment subsidies and other labor policy instruments on unemployment (e.g.,firing tax

Tilli et al. (2019), wage subsidy Almeida, Orr, and Robalino (2014), hiring subsidy

Boockmann et al. (2012): Chugh, Lechthaler, and Merkl (2018); Neumark and Grijalva

(2017)).

Very few studies have examined the effects of hiring subsidy on employment frame-

work (Campolmi, Faia, and Winkler (2011), Kitao, Şahin, and Song (2011), Neumark

(2013), Chugh, Lechthaler, and Merkl (2018)). Hiring subsidy provided to private sec-

tor always lead to increase employment and are more effective compared to other

fiscal policy instruments (Martin and Grubb (2001)), Stromback and Dockery (2000),

(Carling and Richardson (2004), Sianesi (2008)).

Literature also shows that hiring subsidy has different effects on different economies.
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Yashiv (2004) conducted study for Israel and considered different fiscal policy instru-

ments e.g., hiring subsidies, employment subsidies, unemployment benefits and wage

tax reductions in search and matching friction theory to find out which policy is more

effective on labor market. Results show that among all these instruments only hiring

subsidy has a negative effect on unemployment. Jahn and Wagner (2008) conducted

study for European labor market by using four types of unemployed workers. Passive

job seeker, active job seeker, short term unemployed and long term unemployed. Re-

sults show that hiring subsidy has positive effect on job destruction and duration of

unemployment for passive job seekers, and found that number of active job seekers

is reduced not only in short term unemployed but also in long term unemployed. All

these effects lead to increase employment in the economy and hence hiring subsidy

has a positive effect on employment.

Neumark (2013) conducted study for US economy and showed that by compari-

son hiring subsidies are as effective as public job creation programs. Kitao, Şahin,

and Song (2011) used typical search and matching model to examine effect of hir-

ing subsidy on job creation and job destruction for US economy and found that hiring

subsidy has positive effect on job creation but in the long run there is increase in un-

employment. Hiring subsidy policy is successful in terms of increasing employment in

the case of those firms where wages are quite low with wage rigidity (Cahuc, Carcillo,

and Le Barbanchon (2014)). Brown and Koettl (2015) argued that hiring subsidy is

considered to be best tool among other labor policy tools to reduce unemployment.

Based on the findings of chapter 1 and chapter 2 and from the literature, it is im-

portant to introduce a fiscal policy instrument in the search and matching framework

with on-the-job search to examine the effect of this policy instrument on US labor mar-

ket. This study will contribute to existing literature by examining the hiring subsidy in

DSGE model using search and matching frictions with endogenous job separation with

two distinct margins of job separation quits through on-the-job search and layoffs via

operating cost.

Hiring subsidy is most relevant fiscal policy tool to reduce the firm’s cost of posting

vacancies and to increase more job creation Pissarides (2000). Therefore, this policy

instrument is added in the existing theoretical model to examine the effects of this

shock to the labor market, specifically on wages and employment.

Results show that hiring subsidy shock has a positive effect on output in bad sector

and negative effect on output in good sector. In bad sector, trend is positive till quarter
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10 and then it starts deceasing but positive throughout the time period. However, in

good sector the trend is positive after quarter five. Response of employment in both

sectors is opposite to each other, i.e., in good sector, it is negative and decreasing till

quarter five and increasing afterwards and in bad sector it is positive till quarter five

and starts decreasing afterwards. Employment depends on the vacancy creation in

both sectors and when firm gets subsidy to the cost of posting vacancy, job creation

takes place in both sectors as can be seen in the trend of both type of vacancies. Job

creation in good sector motivates workers in bad sector for job-to-job movement from

bad to good sector.

Hiring subsidy has a strong and positive effect on wages in both sectors. Given the

high waging nature of the firms in good sector, they tend to hire less workers. This

indicates that separation is less costly for the workers in good sector due to hiring

subsidy, therefore, there will be an increase in separation in good sector ( i.e., unem-

ployment in good sector). Workers in bad sector continue to search job in good sector

as can be seen from the graph that effect of hiring subsidy on wages in good sector is

positive and increasing but negative and increasing in bad sector. Vacancy creation in

good sector also pushes unemployment upward in bad sector due to on-the-job search

i.e., workers will start searching jobs in good sector and hence there will be job-to-job

movement from bad to good, which shows that hiring subsidy leads to reduce income

inequality through transition of workers from bad to good sector.

Increase in hiring subsidy reduces cost of posting vacancy and job creation will

be less costly for firms. Hiring subsidy has positive effect on vacancies in bad sec-

tor, on-the-job search and also on search intensity. This indicates that hiring subsidy

increases employment i.e., due to differences in wages, workers always prefer to get

employed in good sector. This can be seen from unemployment in bad sector which

shows positive trend throughout time period. Hiring subsidy has negative effect on the

operating cost of the firms, as they are in a better position to operate well. Therefore,

there is a reduction in operating cost of the firm due to hiring subsidy.

Rest of the paper is organized as follows. Section 3.2 presents some recent facts

and figures of US labor market. Theoretical DSGE model is presented in section 3.3.

Equilibrium of the model is explained in section 3.4, and quantitative analysis along

with model calibrations and steady state are presented in sections 3.5. Section 3.6

explains model analysis, and finally, conclusion and recommendations are presented

in section 3.7.
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3.2 US Labour Market

In this section, I showed recent facts and figures of US labor market to assess the

need of fiscal intervention. From the figure 3.1, it can be seen that there are different

reasons of unemployment but the curve of job losers and persons who completed

temporary jobs and job losers on temporary layoff are at highest level reaching 20,000.

In figure 3.2, there is fluctuation in total non-farm job opening, hires and separation,

however, more fluctuation with increasing trend can be observed in total non-farm

separation. These figures indicate that there are more separation than hires. Figure

3.3 shows compensation of employees as a percentage of government expenses from

the period of 1972-2020 and overall trend is downward sloping and minimum in 2020.

Considering these facts, there is a need of some fiscal policy instrument to reduce the

separation and to increase the ratio of hiring. In this case, hiring subsidy is best tool to

increase hires and to reduce the job separation.

Source: Bureau of Labor Statistics
Fig. 3.1 Reasons for Unemployment
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Source: Bureau of Labor Statistics
Fig. 3.2 Total Nonfarm Hires and Separation

Source: Bureau of Labor Statistics
Fig. 3.3 Compensation of Employees
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3.3 The Model

I extend the model from the Chapter 2 with same firm and household behavior for the

US labor market by adding hiring subsidy χt. Subsidies are given to firms for vacancy

creation and increase employment in both good and bad sectors. I included these

two sectors by including good and bad jobs in the model. I assume that both types

of jobs are getting same fraction of subsidy. Hiring subsidy is commonly used in the

search and matching literature (Mortensen and Pissarides (2001), Campolmi, Faia,

and Winkler (2011), Arseneau and Chugh (2012) and Tilli et al. (2019)). I added hiring

subsidy to examine the effect of exogenous fiscal policy shock in the US labor market.

The underlying assumption is that, in each household there is a continuum of infinitely-

lived homogeneous workers and there is a continuum of infinitely-lived heterogeneous

firms, both are measured in a discrete time. Firms and workers are working in frictional

labor market. Firms are working in perfectly competitive market and by using labour,

firms are producing their output and sell their goods to the household. Low wage

workers supply their services to the labor market if they are employed and earn wages

and will do on-the-job search until they find high wage job.

3.3.1 Household’s Problem

The representative household optimization problem is same as in chapter 2 (see page

29), but the budget constraint is changed now as I added hiring subsidy in the house-

hold budget constraint.

New budget constraint is as follows:

Ct + Tt = wg
t (Kt)n

g
t + wb

t (Kt)n
b
t + utz +Πt (3.1)

Above equation states that employed household members whose source of earnings

are the incomes W generated through their employment and the other household

members who are unemployed and are on the benefits z. In addition, these house-

holds receive profits Πt after paying the lump sum taxes Tt to the government and both

types of firms face aggregate hiring cost Ht = χσgvgt + χσbvbt . Since aggregate pro-

duction functions are CRS, therefore profits, income and unemployment benefits are

equal to zero,
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HH optimization:
∞∑
i=1

βt

[
C1−τ

t

1− τ
−Ψ0

n1+Υ
t

1 + Υ

]
subject to:

Ct + Tt = wg
t (Kt)n

g
t + wb

t (Kt)n
b
t + utz +Πt

λt is the Lagrange multiplier

L = E

[
∞∑
i=1

βt

[
C1−τ

t

1− τ
−Ψ0

n1+Υ
t

1 + Υ

]
− λt

{
Ct + Tt − wg

t (Kt)n
g
t − wb

t (Kt)n
b
t − utz − Πt

}]

By differentiating w.r.t.Ct, I get two first order conditions which are presented in chapter

2 (see page 30).

3.3.2 Firm’s Problem

Firm’s problem is same as in chapter 2. The only difference is in the total profits of the

firm as i added hiring subsidy in the model.

Total profits of firms is changed now with the addition of hiring subsidy,

Πt =

∫ K̄

K

(Pgtygt + Pbtybt)−
(
wg

t (Kt)n
g
t + wb

t (Kt)n
b
t

)
−
(
χσgvgt + χσbvbt

)
Total profit comprises output of both firms and wage which are paid to workers by both

firms. Both firms face operating cost and and last term of profit function defining that

both types of firms face aggregate hiring cost and also getting subsidy to cover the

hiring cost.

3.3.3 Labour Market

Considering frictional labour market as in chapter 2, firm receives a subsidy for the

posting vacancy when a job is created in the firm, therefore, I included subsidy to the

cost of posting of vacancy χt in the value functions of vacant job for good and bad

by following Pissarides (2000). Rest of the value functions are same as provided in

chapter 2 therefore, I added only value functions of vacant job for good and bad.

• Value Function of Vacant Job
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Value of a vacancy for both types of jobs i.e., ,i = g, b, in addition of hiring subsidy are

as follows:

V i
t = −(1−χt)σ

i+Etβt

{
qit(1−ρK )̊

∫ K̃t+1

K

J i
t+1(Kt+1)dΦ(Kt+1)+[(1−(1−ρK)qit)Φ(K̃t+1)]V

i
t+1

}
(3.2)

Where σ is representing vacancy cost with subsidy χi
t . A vacancy is created and

filled in the following period with the probability qit(1 − ρK) and the probability that job

will remain unfilled is (1− qit(1− ρK)). Free entry condition states that these values of

vacant jobs are equal to zero at any point in time, V g
t = V b

t = 0 for all t. By solving

value functions of both unfilled jobs give the following job creation conditions for both

types of jobs.

Job Creation Conditions

(1− χt)σ
g

qgt
= (1− ρK)Etβt

∫ K̃g
t+1

K

Jg
t+1 (Kt+1) dΦ (Kt+1) , (3.3)

and
(1− χt)σ

b

qbt
=
(
1− ρK

)
Etβt

∫ K̃b
t+1

K

J b
t+1 (Kt+1) dΦ (Kt+1) (3.4)

This above expression states that expected cost of posting vacancy in addition of

hiring subsidy is equal to the expected benefits of job filled in good and bad jobs,

respectively.

Value functions of employed worker ( good and bad) are same as provided in chap-

ter 2. By solving these value functions and using above job creation condition, I derived

optimal search intensity which is different from the optimal search intensity of chapter

2. Complete derivation is available in Appendix.

I ′(st) =
µ

1− µ
pgt

((1− χt)σ
g

qgt
− (1− χt)σ

b

qbt

)
(3.5)

Value function of unemployed worker (good and bad) is also same as it is provided

in chapter 2. By solving these value functions and using job creation condition, I get

following:
σg

qgt
pgt =

σb

qbt
pbt (3.6)
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Further solving the above equations

θgt (1− χt)σ
g = θt(1− χt)

bσb (3.7)

This implies that labor market tightness for good job and bad job is proportional to the

cost of job creation with subsidy. Complete derivation is available in Appendix.

• Wage Determination

Wages are determined as a result of a mutual bargaining process between both agents

of labor market. Negotiation between firms and workers take place through Nash bar-

gains and choose wages to divide the surplus of match between firms and workers

depending on the relative bargaining power of both. As there are two types of jobs,

therefore, I derived wage equations for both types of jobs one by one with hiring sub-

sidy. Complete derivation is available in Appendix.

Wage Determination for Good Job

wg
t (Kt) = µPgtAt − µKt + µ(1− χt)σ

gθgt + z(1− µ) (3.8)

Wage Determination for Bad job

wb
t (Kt) = µ (PbtAt −Kt + (1− st) (1− χt)σ

gθgt ) + (1− µ) (z + I(st)) (3.9)

3.3.4 Government

Government finances an exogenous stream of spending gt by collecting lump sum

taxes Tt which are imposed on household. Government also pays unemployment

benefits utz to the unemployed workers. In addition, government also provides hiring

subsidies to both sectors (i.e., good and bad) and is financed by lump sump taxes.

Government spending is determined exogenously. Hence, the budget constraints are

given as follows:

Tt = egt + (χt)σ
gvgt + (χt)σ

bvbt + utz (3.10)

I investigated the effect of positive hiring subsidy shock on the labour market assuming

there is job-to-job transition from bad to good type of job. I also investigated how these

movements from bad to good affect unemployment and employment.
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3.3.5 Resource Constraint

Combining household budget constraint with government budget constraint, I get

yt = Ct + eg + (χt)σ
gvgt + (χt)σ

bvbt (3.11)

3.3.6 Stochastic Process

χt follows the exogenous stochastic process:

log(χt) = (1− ρχ)log(χ) + ρχlog(χt−1) + ϵχt (3.12)

where ρχ is Persistency Coefficients, εχ,t i.i.d innovation.

3.4 Equilibrium

I extended the existing model, which I derived in chapter 2, by adding fiscal policy

instrument i.e., χt and giving shock of this variable to the US labor market to assess

its response. Four blocks are added in the model i.e., household, firm and labour

market and government. Equilibrium of the model is attained by using all equilibrium

equations with all endogenous variables. There are 28 equilibrium equations and 28

variables i.e.,

{yt, ygt , ybt , Ct, At, Pg,t.Pb,t,m
g
t ,m

b
t , n

g
t , n

b
t , q

g
t , q

b
t , θ

g
t , θ

b
t , u

g
t , u

b
t , v

g
t , v

b
t , w

g
t , w

b
t , K̃

g
t , K̃

b
t , et, st,

χt, p
g
t , p

b
t}

and the parameters of the model are as follows:

α, β, δ,Υ, τ,Ψ,mg,mb, ζ, σ
g, σb, ρK , µ, η, γ,Ω, z, σ, ρχ, υ

3.5 Model Calibration and Steady State

To examine the dynamic responses of the model to the subsidy shock. I solved the

model by following the process, first, I approximated the equilibrium equations around

the non stochastic steady state, second, I estimated the model by assigning the nu-

merical values to the parameters. I calibrated the model by using parameters values

commonly used in literature for US1. Brief description of parameter values and steady

state values is provided in Table 2.1 of chapter 2 . Steady state values are calculated

1Shimer (2009),Shimer (2012), Krause and T. A. Lubik (2006). Most of the values used here are
based on the studies which conducted for US
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numerically by using steady state model. I set steady state value of hiring subsidy

χss = 0.1. All parameters and steady state values are provided in Table 3.1, 3.2

Table 3.1 Model Parameters

Parameter Description Values
β Discount Factor 0.99
α bad job share in Production 0.333
Υ Frisch Elasticity 1.0
τ Relative Risk Aversion 1.0
Ψ0 Disutility of Worker 0.40
mg Level Parameter 0.66
mb Level Parameter 0.66
ζ Matching Elasticity 0.4
σg Vacancy Cost of good job 0.16
σb Vacancy Cost of bad job 0.04
ρx Separation Rate 0.1
η Upper support of Φ 0.67
µ Bargaining share 0.5
γ Search Cost Function Parameter 0.04
Ω Search Elasticity 1.1
υ CES Elasticity Parameter 0
z Unemployment Benefits 0.24
ρχ Subsidy Autoregressive parameter 0.96
ϵχ Standard Deviation of subsidy 1
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Table 3.2 Steady State Values

Parameter Description Values
A Aggregate Productivity 1
ng Employment (good) 0.60
nb Employment (bad) 0.35
wg Wages (good) 0.46
wb Wages (bad) 0.45
qg Probability of filling vacancy (good) 0.59
qb Probability of filling Vacancy (bad) 0.57
pg Probability of job finding (good) 0.43
pb Probability of job finding (bad) 0.67
vg Vacancy (good) 0.020
vb Vacancy (bad) 0.025
mg Matching Efficiency (good) 0.057
mb Matching Efficiency (bad) 0.092
S Search Effort 0.48
E Employed Searcher 0.168
Y Aggregate Output 0.25
Y g Output (good) 0.51
Y b Output (bad) 0.19
θg LMT (good) 0.186
θb LMT (bad) 0.89
Pg Prices (good) 0.24
Pb Prices (bad) 0.54
χ Hiring subsidy 0.1
K̃g

ss Reservation cost (good Job) 1.1
K̃b

ss Reservation cost (bad Job) 0.53

3.6 Model Analysis

I analyzed the model through impulse responses. I used hiring subsidy shock to esti-

mate the model of the labor market. Following two figures i.e., 3.4 and 3.5 show the

effects of hiring subsidy shock on labor market with on-the-job search.
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Fig. 3.4 Impulse response Functions to 1 Percent Hiring Subsidy Shock
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Fig. 3.5 Impulse Response Functions to 1 Percent Hiring subsidy Shock
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3.6.1 Effects of Hiring Subsidy Shocks on Labour Market

Figures 3.4 and 3.5 show dynamic response of labor market to hiring subsidy. Hiring

subsidy has a positive effect on aggregate output and output in bad sector and nega-

tive effect in good sector. In bad sector, trend is positive till quarter 10 and then it starts

deceasing but positive throughout the time period. However, in good sector trend is

positive after quarter five. Response of employment in both sectors is opposite to

each other. In good sector, it is negative and decreasing till quarter five and increasing

afterwards and in bad sector, it is positive till quarter five and start decreasing after-

ward. Employment depends on the vacancy creation in both sectors and when firm

gets subsidy to the cost of posting vacancy, job creation takes place in both sectors

as can be seen in the trend of both types of vacancies. Job creation in good sector

motivates workers in bad sector for job-to-job movement from bad to good sector. It

is not easy for the worker to get employed in good sector, therefore, when there will

be job creation in both sectors, unemployed people will search job in both sectors but

employed worker in bad sector starts searching for employment in good sector.

Hiring subsidy has a strong positive effect on wages in both sectors (see figure 3.4).

Given the high waging nature of the firms in good sector, they tend to hire less workers.

This indicates that separation is less costly for the workers in good sector due to hiring

subsidy, therefore, there will be an increase in separation in good sector (figure 3.5 i.e.,

unemployment in good sector). Workers in bad sector continue to search job in good

sector as can be seen from the graph that effect of hiring subsidy on wages in good

sector is positive and increasing but negative and increasing in bad sector. Vacancy

creation in good sector also pushes upward pressure on unemployment in bad sector

due to on-the-job-search i.e., worker will start searching jobs in good sector, hence,

there will be job-to-job movement from bad to good. This shows that hiring subsidy

leads to reduce income inequality through transition of worker from bad to good sector.

These results are very important as purpose of the study was also to see whether

hiring subsidy leads to decrease wage inequality or not. From the above discussion,

it can be argued that hiring subsidy has a positive effect on vacancy creation in good

sector and movements of worker from bad to good indicates that there is reduction,

not only in unemployment in good sector but also in wage inequality and support the

findings of Brown and Koettl (2015).

Increase in hiring subsidy reduces cost of posting vacancy and job creation will be
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less costly for firms and this is good sign for unemployed workers. In Figure 3.5, hiring

subsidy has positive effect on vacancies in bad sector, on-the-job search and also on

search intensity. This indicates that hiring subsidy increases employment i.e., due to

differences in wages, workers in bad sector always prefer to get employed in good sec-

tor. This can be seen from unemployment in bad sector, which shows increasing trend

throughout time period. This indicates that vacancy creation in good sector attracts

the employed workers in bad sector and there will be job-to-job movement from bad

to good sector. Hiring subsidy has negative effect on the operating cost of the firms,

as they are in a better position to operate well. Therefore, there will be reduction in

operating cost of the firm due to hiring subsidy. These results are consistent with the

findings of Martin and Grubb (2001) and Sianesi (2008). It is argued that provision of

hiring subsidy to both sectors creates more employment opportunities in bad sector

but as it has positive effect on wages in good sector, there will job-to-job movement

from bad to good, hence wage inequality will decrease. High wages lead to decrease

income inequality, and alleviate overall societal inequality.

3.7 Conclusion

This study is the extension of chapter 2 and triangulation of the results of the chapter

1. Results of chapter 1, with the addition of quits and layoffs with other macroeconomic

variables in the study, gave me opportunity to develop a theoretical DSGE model with

search and matching frictions by introducing these two separation margins to verify

the results of chapter 1. In both chapters, I found that positive government spending

has a positive effect on employment, vacancy creation and wages. I also found that

there is a job-to-job movement which is due to wage dispersion which creates income

inequality in the economy. Although, it is short lived but there is income inequality.

On the basis of these results, it was important to introduce a fiscal policy instrument

specifically for the labor market to reduce income inequality in the economy. For this

purpose, I introduced hiring subsidy in the theoretical DSGE model and results show

that provision of subsidy to the firms (bad or good) to the cost of posting vacancy

reduces income inequality.

I used hiring subsidy as a fiscal policy instrument under DSGE model using search

and matching frictions with two distinct margins of job separation i.e., quits through

on-the-job-search and layoffs through operating cost. Results show that hiring sub-
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sidy has substantial effect on wages and operating cost in both sectors. Response

of wages in both sectors is increasing but positive in good sector and negative in bad

sector. As a result, welfare of the workers in both sectors will improve due to hiring

subsidy. Workers in bad sector continue to search job in good sector as wages are

higher in good sector. Vacancy creation in good sector also puts upward pressure on

unemployment in bad sector due to on-the-job search i.e., workers will start searching

jobs in good sector.

Based on the findings of this study, I suggest that government should introduce

hiring subsidy for the firms to cover their cost of posting vacancy to increase the job

creation. As the results show that inequality in wages contributes to the general in-

come inequality in economy, therefore, government should provide subsidies to firms

to reduce inequality in wages and to improve the welfare of workers.

For future directions, it will be interesting to do welfare analysis by using optimal

policy analysis. Another analysis would be interesting to include firing tax along with

hiring subsidy to examine the their effects in the same model.
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Appendix A

Mathematical Derivations

A.1 Derivation of Theoretical Model (Chapter
2)

• Optimal Search Intensity

I differentiated value function of employed workers (bad job) (equation 2.24) w.r.t.st

and put it equal to zero to find the optimal search intensity.

24 ⇒ W b
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on R.H.S we get
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(A.1)

we know that U g
t = U b

t = Ut and from equations (2.27) and (2.28) we also know

that
µ
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inserting in above equation we get optimal search intensity
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(A.2)

• Derivation of Value Functions of Unemployed Workers

Setting both value functions equal and using bargaining equations.
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}
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multiplying Ut+1 inside the bracket
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By solving both value functions simultaneously and using job creation conditions above

we get
σg

qgt
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pbt (A.3)

Further solving the above equations

θgt σ
g = θbt σ

b(A.4)

This implies that labor market tightness for good job and bad job is proportional to the

cost of job creation

A.2 Derivation of Wage Determination

• Wage Determination for Good Job

(
µ

W g
t (Kt)− U g

t

)
∂W g

t (Kt)

∂wg(K)
= −

(
1− µ

Jg
t (Kt)− V g

t

)
∂Jg

t (Kt)

∂wg(K)

µ (Jg
t (Kt)− V g

t ) = −(1− µ) (W g
t (Kt)− U g

t )

∂Jg
t (Kt)

∂wg(K)

∂W g
t (Kt)

∂wg(K)

where
∂J

g
t (Kt)

∂wg(K)

∂W
g
t (Kt)

∂wg(K)

= −1 and as indicated V g
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and substituting in for Jg
t (K) and W g

t (K) from (2.18) and (2.23) in (A.5)
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= (1−µ)

[
wg

t (Kt)−z+Etβt

{(
1− ρK − pgt + ρKpgt )

∫ K̃t+1

K

W g
t+1
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(Kt+1) dΦ(Kt+1) +

[
(1− ρK − pt + pgtρ

K)Φ
(
K̃t+1

)
]Ut+1

}]

µ

(
PgtAt − wg

t (Kt)−Kt +
σg

qgt

)
=

(1-µ)

[
wg

t (Kt)−z+Etβt

{(
(1− ρK)(1− pgt ))

∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ

(
Kt+1)− Φ

(
K̃t+1

)
]Ut+1

}]

µ

(
PgtAt − wg

t (Kt)−Kt +
σg

qgt

)
=

(1-µ)wg
t (Kt)−(1−µ)z+(1−µ)Etβt(1−ρK)(1−pgt )

(∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ
(
Kt+1)− Φ

(
K̃t+1)Ut+1

)

Multiply and divide by µ in the last term on L.H.S

µ(PgtAt − wg
t (Kt)−Kt +

σg

qgt
) =

(1-µ)wg
t (Kt)−(1−µ)z+(µ) (1−µ)

µ
Etβt(1−ρK)(1−pgt )

(∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ
(
Kt+1)− Φ

(
K̃t+1

)]
Ut+1

)

as we know

σg

qgt
= Etβt

(
1− ρK

) ∫ K̃g
t+1

K

Jg
t+1Kt+1)dΦ(Kt+1) =

(1− µ)

µ
Etβt(1− ρK)

(∫ K̃t+1

K
W g

t+1(Kt+1)dΦ
(
Kt+1)− Φ(K̃t+1)

]
Ut+1

)
by substituting in above we get

µPgtAt − µwg
t (Kt)− µKt + µ

σg

qgt
= (1− µ)wg

t (Kt)− (1− µ)z + (µ)(1− pgt )
σg

qgt

µPgtAt − µwg
t − µKt + µ

σg

qgt
= wg

t − µwg
t − (1− µ)z + (µ)

σg

qgt
− µ

σgpgt
qgt

after cancelling some term and using pgt
qgt

= θg we get

µPgtAt − �µw
g
t (Kt)− µKt +

�
�
�

µ
σg

qgt
= wg

t (Kt)− �µw
g
t (Kt)− (1− µ)z +

�
�
��(µ)
σg

qgt
− µσgθg

(Kt)− z(1− µ)− µσgθg
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after simplification final Wage equation is as follows:

wg
t (Kt) = µPgtAt − µKt + µσgθgt + z(1− µ) (A.2)

– Wage Determination for Bad Job

max
wb

t (Kt)ht

(
W b

t (Kt)− U b
t

)µ
(J b

t (Kt)− V b
t )

1−µ

wi = max
wb

t (Kt)ht

(
W b

t (Kt)− U b
t

)µ
(J b

t (Kt)− V b
t )

1−µ

Taking natural log we get

ln(wi) = µ ln
(
W b

t (Kt)− U b
t

)
+ (1− µ) ln(J b

t (Kt)− V b
t )

Differentiate w.r.t wb(K) to get wage equation

∂wi

∂wb(K)
=

(
µ

W b
t (Kt)− U b

t

)
∂W b

t (Kt)

∂w(K)b
+

(
1− µ

J b
t (Kt)− Vt

)
∂J b

t (Kt)

∂wb(K)
= 0

(
µ

W b
t (Kt)− U b

t

)
∂W b

t (Kt)

∂wb(K)
= −

(
1− µ

J b
t (Kt)− Vt

)
∂J b

t (Kt)

∂wb(K)

µ
(
J b
t (Kt)− V b

t

)
= −(1− µ)

(
W b

t (Kt)− U b
t

) ∂Jb
t (Kt)

∂wb(K)

∂W b
t (Kt)

∂wb(K)

where
∂Jb

t (Kt)

∂wb(K)

∂W b
t (Kt)

∂wb(K)

= −1 remember V b
t = 0 we have

µ
(
J b
t (Kt)

)
= (1− µ)

(
W b

t (Kt)− U b
t

)
(A.3)

and substituting in for J b
t (K) and W b

t (K) from (2.19) and (2.24) in (A.6)

2.19 ⇒ J b
t (Kt) = PbtAt − wb

t (Kt)−Kt + Etβt[
(
1− ρK

)
(1− pgt st)

∫ K̃b
t+1

K

J b
t+1 (Kt+1) dΦ (Kt+1)

+
[
1−

(
1− ρK

)
pbtstΦ

(
K̃t+1

)]
V b
t+1]
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Since σb

qbt
= σg

qgt
and also using job creation condition of bad job 16 will become ⇒

J b
t (Kt) = PbtAt − wb

t (Kt)−Kt + (1− stp
g
t )

σg

qgt

2.24 ⇒ W b
t (Kt) = max

st

{
wb

t (Kt)−I(st)+Etβt

[
(1− ρK

)
(1−stp

g
t )

∫ K̃t+1

K

W b
t+1 (Kt+1) dΦ (Kt+1)

+
(
1− ρK

)
stp

g
t

∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1) + ρKΦ
(
K̃t+1

)
Ut+1]

}
Substitute value functions of J b

t (Kt),W
b
t (Kt) and U b

t

µ

(
PbtAt − wb

t (Kt)−Kt + (1− stp
g
t )
σg

qgt

)
= (1−µ)

[
wb

t −I(st)+Etβt

[
(1− ρK

)
(1−stp

g
t )

∫ K̃t+1

K
W b

t+1 (Kt+1) dΦ (Kt+1)+
(
1− ρK

)
stp

g
t

∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)+ρKΦ
(
K̃t+1

)
Ut+1]

}
−

z −Etβt

{
pbt
(
1− ρK

) ∫ K̃t+1

K
W b

t+1 (Kt+1) dΦ (Kt+1) +
[
1− pbt

(
1− ρK

)
Φ
(
K̃t+1

)]
Ut+1

}]

µ

(
PbtAt − wb

t (Kt)−Kt + (1− stp
g
t )
σg

qgt

)
= (1− µ)

[
wb

t (Kt)− I(st)− z + Etβt

[
(1-ρK)(1−stp

g
t )−pbt

(
1− ρK

) ∫ K̃t+1

K
W b

t+1(Kt+1)dΦ (Kt+1)+
(
1− ρK

)
stp

g
t

∫ K̃t+1

K
W g

t+1(Kt+1)dΦ(Kt+1)

+[ρK − (1− pbt
(
1− ρK

)
Φ
(
K̃t+1

) ]
Ut+1

]

µ
(
PbtAt − wb

t (Kt)−Kt + (1− stp
g
t )

σg

qgt

)
= (1−µ)

[
wb

t (Kt)−I(st)−z+Etβt

(
1− ρK

) [
(1−

stp
g
t )−pbt

∫ K̃t+1

K
W b

t+1 (Kt+1) dΦ (Kt+1))−[(1−pbt)Φ
(
K̃t+1

)
U b
t+1+stp

g
t

∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)
]]

From (2.28) we know that∫ K̃t+1

K
W b

t+1 (Kt+1) dΦ (Kt+1) =
∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)

inserting in above we get

µ

(
PbtAt − wb

t (Kt)−Kt + (1− stp
g
t )
σg

qgt

)
= (1− µ)

[
wb

t (Kt)− I(st)− z + Etβt

(
1− ρK

) [ ∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)−
(((((((((((((((((

stp
g
t

∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)

−pgt
∫ K̃t+1

K
W b

t+1 (Kt+1) dΦ (Kt+1))−[Φ
(
K̃t+1

)
U g
t+1−pgtΦ

(
K̃t+1

)
U g
t+1+

(((((((((((((((((

stp
g
t

∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)
]]
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µ

(
PbtAt − wb

t (Kt)−Kt + (1− stp
g
t )
σg

qgt

)
= (1− µ)

[
wb

t (Kt)− I(st)− z + Etβt

(
1− ρK

) [
(1− pgt )

∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)− (1− pgt )Φ
(
K̃t+1

)
U g
t+1

]]
Taking common (1− pgt ) from L.H.S

µ

(
PbtAt − wb

t (Kt)−Kt + (1− stp
g
t )
σg

qgt

)
= (1− µ)

[
wb

t (Kt)− I(st)− z + Etβt

(
1− ρK

)
(1− pgt )

[ ∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)− Φ
(
K̃t+1

)
U g
t+1

]]

µ

(
PbtAt − wb

t (Kt)−Kt + (1− stp
g
t )
σg

qgt

)
= (1−µ)wb

t (Kt)−(1−µ)I(st)−(1−µ)z+(1−µ)Etβt

(
1− ρK

)
(1− pgt )

[ ∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)− Φ
(
K̃t+1

)
U g
t+1

]
multiply ad divide by µ in last term of L.H.S

µ

(
PbtAt − wb

t (Kt)−Kt + (1− stp
g
t )
σg

qgt

)
= (1−µ)wb

t (Kt)−(1−µ)I(st)−(1−µ)z+Etβt

µ µ
(1−µ)

(
1− ρK

)
(1− pgt )

[ ∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)− Φ
(
K̃t+1

)
U g
t+1

]
As we know

σg

qgt
= Etβtp

g
t

(
1− ρK

) ∫ K̃t+1

K

Jg
t+1 (Kt+1) dΦ (Kt+1) =

∫ K̃t+1

K

W g
t+1 (Kt+1) dΦ (Kt+1)−Φ

(
K̃t+1

)
U g
t+1

Inserting above we get

µ

(
PbtAt − wb

t (Kt)−Kt + (1− stp
g
t )
σg

qgt

)
= (1−µ)wb

t (Kt)−(1−µ)I(st)−(1−µ)z+(µ)(1−pgt )
σg

qgt

after cancelling some terms we get

µPbtAt−�
��µwb
t (Kt)−µKt+

�
�
�

µ
σg

qgt
−µstp

g
t

σg

qgt
= wb

t (Kt)−�
��µwb
t (Kt)−(1−µ)I(st)−(1−µ)z+

�
�
�

µ
σg

qgt
−µpgt

σg

qgt

µPbtAt − µKt − µstσ
gθgt = wb

t − (1− µ)I(st)− (1− µ)z − µσgθgt
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µ
(
PbtAt −Kt + (1− st)σ

gθgt )µ+ (1− µ) (z + I(st)) = wb
t (Kt)

wb
t (Kt) = µ (PbtAt −Kt + (1− st)σ

gθgt ) + (1− µ) (z + I(st)) (A.4)

A.3 Set of Equilibrium Equations

In this section we summarize all equations of the model. Equilibrium equations are de-

noted with (Eq), steady states equations as (SS) and log linearized equations as (LL).

For the SS we assume that Ass = 1 and we know that Φ(K) = K
µ
, c−τ

t = λt. Matching

rates of the firm and worker are presented in term of labor market tightness using the

log linear approximation, i.e. q̂it = −ζθ̂it and p̂it = (1− ζ) θit.

Output for Good Job

Eq : yg,t = Atn
g
t

SS : yg,ss = ng
ss

LL : ŷgt = Ât + n̂g
t

Output for Bad Job

Eq : yb,t = Atn
b
t

SS : yb,ss = nb
ss

LL : ŷbt = Ât + n̂b
t

Aggregate Output

Eq : yt =
[
αyυbt + (1− α)yυgt

]1/υ
SS : yss =

[
αyυb,ss + (1− α)yυg,ss

]1/υ
LL : ŷt =

αyυbss
αyυbss + (1− α)yυg,ss

ŷbt +
(1− α)yυgss

αyυbss + (1− α)yυgss
ŷgt

Prices in Good Job

Eq : Pg,t = (1− α)

(
ygt
yt

)−(1−υ)

SS : Pg,ss = (1− α)

(
yg,ss
yss

)−(1−υ)

LL : P̂gt = (1− υ)ŷt − (1− υ)ŷgt
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Prices in Bad Job

Eq : Pb,t = α

(
ybt
yt

)−(1−υ)

SS : Pb,ss = α

(
yb,ss
yss

)−(1−υ)

LL : P̂bt = (1− υ)ŷt − (1− υ)ŷbt

Employment in Good Job

Eq : ng
t+1 = (1− ρK)[ng

t +mg
t ]

SS : ng
ss = (1− ρK)[ng

ss +mg
ss]

LL : n̂g
t = (1− ρK)n̂g

t−1 + (ρ)m̂g
t−1

Employment in Bad Job

Eq : nb
t+1 = (1− ρK)[nb

t +mb
t − pgt stn

b
t ]

SS : nb
ss = (1− ρK)[nb

ss +mb
ss − pgsssssn

b
ss]

LL : nb
t = (1−ρK)(1−pgsssss)n̂

b
t−1+(1−ρK)

mb
ss

nssb
mb

t−1−(1−ρK)sssp
g
ssŝ

g
t−1−(1−ρK)ssspssp̂

g
t−1

Employed Searchers

Eq : et = stn
b
t

SS : ess = sssn
b
ss

LL : êt = ŝt + nb
t

Aggregate Unemployment

Eq : ut = ug
t + ub

t = 1− ng
t − nb

t = 1− nt

SS : uss = ug
ss + ub

ss = 1− ng
ss − nb

ss = 1− nss

LL : ûg
tu

g
ss + ûb

tu
b
ss + n̂g

tn
g
ss + n̂b

tn
b
ss = 0

Matching Functions Good Job

Eq : mg
t = m (vgt , u

g
t + et) = mg(v

g
t )

1−ζ(ug
t + et)

ζ ,
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SS : mg
ss = mg(v

g
ss)

1−ζ(ug
ss + ess)

ζ

LL : m̂g
t = ζ(ûg

t + et) + (1− ζ)v̂gt ,

Matching Functions Bad Job

Eq : mb
t = m

(
vbt , u

b
t) = mb(v

b
t )

1−ζ(ub
t)

ζ

SS : mb
ss = mb(v

b
ss)

1−ζ(ub
ss)

ζ

LL : m̂b
t = ζûb

t + (1− ζ)v̂bt ,

Firm Match Probability in good job

Eq : qgt =
mg

t

vgt
= mg(θgt )

−ζ ,

SS : qgss = mg(θgss)
−ζ

LL : q̂gt = (−ζ) θ̂gt

Firm Match Probability in Bad job

Eq : qbt =
mb

t

vbt
= mb(θbt )

−ζ

SS : qbss = mb(θbss)
−ζ

LL : q̂bt = (−ζ) θ̂bt

Worker Match Probabilities in Good job

Eq : pgt =
mg

t

(ug
t + et)

= mg(θgt )
1−ζ ,

SS : pgss = mg(θgss)
1−ζ ,

LL : p̂gt = (1− ζ) θ̂gt

Worker Match Probabilities in Bad job

Eq : pbt =
mb

t

ut

= mb(θbt )
1−ζ

SS : pbss = mb(θbss)
1−ζ

86



LL; p̂bt = (1− ζ) θ̂bt

17. Operating Cost Reservation threshold for Good job

J(K̃g
t ) = 0

Operating Cost Reservation threshold for Bad job

J(K̃b
t ) = 0

Labour Market Tightness for Good job

Eq : θgt =
vgt

(ug
t + et)

SS : θgss =
vgss

(ug
ss + ess)

LL : θ̂gt = v̂gt −
(

ug
ss

ug
ss + ess

)
ûg
t −

(
ess

ug
ss + ess

)
êgt

Labour Market Tightness for Bad job

Eq : θbt =
vbt
(ub

t

)
SS : θbss =

vbss
(ub

ss)

LL : θ̂bt = v̂bt − ûb
t

Job Creation Condition for Good job

Eq :
σb

qbt
= βt

(
1− ρK

)
(1− µ) K̃g

t+1

[
K̃g

t+2 −
K̃g

t+1

2

]

SS :
σb

qbt
= βt

(
1− ρK

)
(1− µ)

(
K̃g

ss

2

)2

LL : ζθ̂bt = βt

(
1− ρK

)
(1− µ)

(̃̂
Kg

t+2 −˜̂Kg
t+1

)
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Job Creation Condition for Bad job

Eq :
σb

qbt
= βt

(
1− ρK

)
(1− µ) (1− st)p

g
t K̃

b
t+1

[
K̃b

t+2 −
K̃b

t+1

2

]

SS :
σb

qbt
= βt

(
1− ρK

)
(1− µ) (1− st)p

g
t

(
K̃b

ss

2

)2

LL : ζθ̂bt = βt

(
1− ρK

)
(1− µ) (1− st)p

g
t

(̃̂
Kb

t+2 −˜̂Kb
t+1

)
24. Wage Determination in Good Job

Eq : wg
t (Kt) = µ[Pg,tAt −Kt + σgθgt ] + z(1− µ)

SS : wg
ss(Kt) = µ[Pg,ssAss −Kss + σgθgss] + z(1− µ)

LL : wg
ssŵ

g
t = µ

[
AssPgssP̂gt + AssPgssÂt −KssK̂t + pgssp̂

g
t

(
σg

qgss

)
+ pgssq̂

g
t

(
σg

qgss

)]
Wage Determination in Bad Job

wb
t (Kt) = µ[Pb,tAt −Kt + (1− st)σ

gθgt ] + (1− µ)(z + I(st))

SS : wb
ss(Kss) = µ[Pb,ssAss −Kss + (1− sss)σ

gθgss] + (1− µ)(z + I(sss))

LL : wb
ssŵ

b
t = µ

[
AssPbssP̂bt+AssPbssÂt−KssK̂t+(1−sss)p

g
ssp̂

g
t

(
σg

qgss

)
−(1−sss)p

g
ssq̂

g
t

(
σg

qgss

)]

-sssŝtp
g
ss

(
σg

qgss

)
+ (1− µ)

(
γΩsΩssŝt

)

Optimal Search Intensity

Eq : γΩ(st)
Ω−1 =

µ

1− µ
pgt

( σg

qgt
− σb

qbt

)

SS : γΩ(sss)
Ω−1 =

µ

1− µ
pgss

( σg

qgss
− σb

qbss

)

LL : (Ω− 1)ŝt = p̂gt +

σg

qgt
σg

qgt
− σb

qbt

q̂gt −
σb

qbt
σg

qgt
− σb

qbt

q̂bt
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Resource Constraint Condition

ct = yt − σgvgt − σbvbt −Gt

Aggregate Consumption

Eq : cτt = c−τ
t+1

SS : C−τ
ss = λss

LL : τ ĉt = −τ ĉt+1

Government Spending Shock

logGt = ρGlogGt−1 + ϵGt

Aggregate Productivity Shock

logAt = ρAlogAt + ϵAt

A.4 Mathematical Derivations with Hiring Sub-
sidy (Chapter 3)

– Optimal Search Intensity

I differentiated value function of employed workers (bad job) (equation 2.24) w.r.t.st

and put it equal to zero to find the optimal search intensity.

2.24 ⇒ W b
t (Kt) = max

st

{
wb

t (Kt)−I(st)+Etβt

{
(1−ρK)(1−stp

g
t )

∫ K̃t+1

K

W b
t+1 (Kt+1) dΦ (Kt+1)+

(
1− ρK

)
stp

g
t

∫ K̃t+1

K
W g

t+1Φ (Kt+1) dΦ (Kt+1) + ρKΦ
(
K̃t+1

)
Ut+1

}}

∂W (K)

∂st
= −I ′(st) + Etβt

{
(1− ρK)(−pgt )

∫ K̃t+1

K

W b
t+1 (Kt+1) dΦ (Kt+1) +
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(
1− ρK

)
pgt
∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)
}
= 0

I ′(st) = Etβt(1− ρK)
{
pgt

∫ K̃t+1

K

W g
t+1Φ

(
K̃t+1

)
− pgt

∫ K̃t+1

K

W b
t+1 (Kt+1) dΦ (Kt+1)

}

I ′(st) = Etβt(1− ρK)pgt

{∫ K̃t+1

K

W g
t+1 (Kt+1) dΦ (Kt+1)−

∫ K̃t+1

K

W b
t+1 (Kt+1) dΦ (Kt+1)

}
add and subtract Ut+1

(
K̃t+1

)
on R.H.S we get

I ′(st) = Etβt(1− ρK)pgt

{∫ K̃t+1

K

W g
t+1 (Kt+1) dΦ (Kt+1)− Ut+1

(
K̃t+1

)

-
∫ K̃t+1

K
W b

t+1 (Kt+1) dΦ (Kt+1) + Ut+1

(
K̃t+1

)}

I ′(st) = Etβt(1−ρK)pgt

{∫ K̃t+1

K

W g
t+1Φ

(
K̃t+1

)
−Ut+1

(
K̃t+1

)
−

(∫ K̃t+1

K

W b
t+1 (Kt+1) dΦ (Kt+1)

-Ut+1

(
K̃t+1

)}
(A.1)

we know that U g
t = U b

t = Ut and from equations (2.27) and (2.28) we also know that

µ

1− µ
Jg
t+1(Kt) =

∫ K̃t+1

K

W g
t+1 (Kt+1) dΦ (Kt+1)− U g

t+1

µ

1− µ
J b
t+1(Kt) =

∫ K̃t+1

K

W b
t+1 (Kt+1) dΦ (Kt+1)− U b

t+1

after substituting in equation A.9

I ′(st) = Etβt(1− ρK)pgt

{(
µ

1− µ

)
Jg
t+1 −

(
µ

1− µ

)
J b
t+1(Kt)

}

I ′(st) =
µ

1− µ
Etβt(1− ρK)pgt

{
Jg
t+1(Kt)− J b

t+1(Kt)
}

from equation 3.11 and 3.12 we know
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(1− χt) σ
g

qgt
=
(
1− ρK

)
Etβt

∫ K̃t+1

K

Jg
t+1 (Kt+1) dΦ (Kt+1) ,

and
1− χt) σ

g

qbt
=
(
1− ρK

)
Etβt

∫ K̃t+1

K

J b
t+1 (Kt+1) dΦ (Kt+1)

inserting in above equation we get optimal search intensity

– Derivation of Value functions of Unemployed worker

Setting both value functions equal and using bargaining equations.

z+Etβt

{
pgt
(
1− ρK

) ∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1) +
[
1− pgt

(
1− ρK

)
Φ
(
K̃t+1

)]
Ut+1

}
=

z + Etβt

{
pbt
(
1− ρK

) ∫ K̃t+1

K
W b

t+1 (Kt+1) dΦ (Kt+1) +
[
1− pbt

(
1− ρK

)
Φ
(
K̃t+1

)]
Ut+1

}
z will be cancel out

Etβt

{
pgt
(
1− ρK

) ∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1) +
[
1− pgt

(
1− ρK

)
Φ
(
K̃t+1

)]
Ut+1

}
= Etβt

{
pbt
(
1− ρK

) ∫ K̃t+1

K
W b

t+1 (Kt+1) dΦ (Kt+1) +
[
1− pbt

(
1− ρK

)
Φ
(
K̃t+1

)]
Ut+1

}
multiplying Ut+1 inside the bracket

Etβt

{
pgt
(
1− ρK

) ∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1) +
[
Ut+1 − pgt

(
1− ρK

)
Φ
(
K̃t+1

)]
Ut+1

}
= Etβt

{
pbt
(
1− ρK

) ∫ K̃t+1

K
W b

t+1 (Kt+1) dΦ (Kt+1) +
[
Ut+1 − pbt

(
1− ρK

)
Φ
(
K̃t+1

)]
Ut+1

}
Cancelling Ut+1 and taking pgt

(
1− ρK

)
common, we get

Etβtp
g
t

(
1− ρK

){∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)− Φ
(
K̃t+1

)
Ut+1

}
= Etβtp

b
t

(
1− ρK

){∫ K̃t+1

K
W b

t+1 (Kt+1) dΦ (Kt+1)− Φ
(
K̃t+1

)
Ut+1

}
Etβtp

g
t

(
1− ρK

) ∫ K̃t+1

K
Jg
t+1 (Kt+1) dΦ (Kt+1) = Etβtp

b
t

(
1− ρK

) ∫ K̃t+1

K
J b
t+1 (Kt+1) dΦ (Kt+1)

By solving both value functions simultaneously and using job creation conditions above

we get
(1− χt) σ

g

qgt
pgt =

(1− χt) σ
b

qbt
pbt (A.2)

Further solving the above equations we get final equation.

θgt (1− χt) σ
g = θbt (1− χt) σ

b(A.3)

A.5 Derivation of Wage Determination

– Wage Determination for good job with Hiring Subsidy
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max
wg

t (Kt)
(W g

t (Kt)− U g
t )

µ (Jg
t (Kt)− V g

t )
1−µ

wi = max
wg

t (Kt)ht
g
(W g

t (Kt)− U g
t )

µ (Jg
t (Kt)− V g

t )
1−µ

the function in the log form is:

ln(wi) = µ ln (W g
t (Kt)− U g

t ) + (1− µ) ln(Jg
t (Kt)− V g

t )

Differentiate w.r.t wg(K) to get wage equation

∂wi

∂wg(K)
=

(
µ

W g
t (Kt)− U g

t

)
∂W g

t (Kt)

∂wg(K)
+

(
1− µ

Jg
t (Kt)− V g

t

)
∂Jg

t (Kt)

∂wg(K)
= 0

(
µ

W g
t (Kt)− U g

t

)
∂W g

t (Kt)

∂wg(K)
= −

(
1− µ

Jg
t (Kt)− V g

t

)
∂Jg

t (Kt)

∂wg(K)

µ (Jg
t (Kt)− V g

t ) = −(1− µ) (W g
t (Kt)− U g

t )

∂Jg
t (Kt)

∂wg(K)

∂W g
t (Kt)

∂wg(K)

where
∂J

g
t (Kt)

∂wg(K)

∂W
g
t (Kt)

∂wg(K)

= −1 and as indicated V g
t = 0 we have

µ (Jg
t (Kt)) = (1− µ) (W g

t (Kt)− U g
t ) (A.1)

and substituting in for Jg
t (K) and W g

t (K) from (2.18 and (2.23) in (A.12)

2.18 ⇒ Jg
t (Kt) = PgtAt − wg

t (Kt)−Kt + Etβt[
(
1− ρK

) ∫ K̃g
t+1

K

Jg
t+1 (Kt+1) dΦ (Kt+1)

+
[
1−

(
1− ρK

)
Φ
(
K̃t+1

)]
V g
t+1]
}

⇒ Jg
t (Kt) = PgtAt − wg

t (Kt)−Kt +
(1− χt) σ

g

qgt

2.23⇒

W g
t (Kt) = wg

t (Kt)+Etβt

{
(1− ρK)

∫ K̃t+1

K

W g
t+1 (Kt+1) dΦ(Kt+1) +

[
1−

(
1− ρK

)
Φ
(
K̃t+1

)]
Ut+1

}
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Substitute value functions of Jg
t (Kt),W

g
t (Kt) and U g

t

µ

(
PgtAt − wg

t (Kt)−Kt +
(1− χt) σ

g

qgt

)
= (1−µ)

[
wg

t (Kt) + Etβt

{
(1− ρK)

∫ K̃t+1

K

W g
t+1 (Kt+1)

dΦ (Kt+1)+
[
1−

(
1− ρK

)
Φ
(
K̃t+1

)]
Ut+1−z−

(
pgt
(
1− ρK

) ∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)

+

[
1− pgt

(
1− ρK

)
Φ
(
K̃t+1

)
]Ut+1 )}

]

µ

(
PgtAt − wg

t (Kt)−Kt +
(1− χt) σ

g

qgt

)
= (1−µ)

[
wg

t (Kt)−z+Etβt

{(
(1− ρK)− pgt (1− ρK)

)

∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ
(
Kt+1) +

[
1− (1− ρK)− (1− pgt (1− ρK

)
Φ
(
K̃t+1

)]
Ut+1

}]

µ

(
PgtAt − wg

t (Kt)−Kt +
(1− χt) σ

g

qgt

)
= (1−µ)

[
wg

t (Kt)−z+Etβt

{(
1− ρK − pgt + ρKpgt

)

∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ
(
Kt+1) +

[
−ρK − (1− pt + pgtρ

K
)
Φ
(
K̃t+1

)]
Ut+1

}]

µ

(
PgtAt − wg

t (Kt)−Kt +
(1− χt) σ

g

qgt

)
= (1−µ)

[
wg

t (Kt)−z+Etβt

{(
1− ρK − pgt + ρKpgt )

∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ(Kt+1) +

[
(1− ρK − pt + pgtρ

K)Φ
(
K̃t+1

)
]Ut+1

}]

µ

(
PgtAt − wg

t (Kt)−Kt +
(1− χt) σ

g

qgt

)
=

(1-µ)

[
wg

t (Kt)−z+Etβt

{(
(1− ρK)(1− pgt )

) ∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ(Kt+1)− Φ
(
K̃t+1

)
]Ut+1

}]

µ

(
PgtAt − wg

t (Kt)−Kt +
(1− χt) σ

g

qgt

)
=

(1-µ)wg
t (Kt)−(1−µ)z+(1−µ)Etβt(1−ρK)(1−pgt )

(∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ(Kt+1)− Φ(K̃t+1)Ut+1

)
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Multiply and divide by µ in the last term on L.H.S

µ

(
PgtAt − wg

t (Kt)−Kt +
(1− χt) σ

g

qgt

)
=

(1-µ)wg
t (Kt)−(1−µ)z+(µ) (1−µ)

µ
Etβt(1−ρK)(1−pgt )

(∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ
(
Kt+1)− Φ

(
K̃t+1

)]
Ut+1

)

as we know

(1− χt) σ
g

qgt
= Etβt

(
1− ρK

) ∫ K̃t+1

K

Jg
t+1Kt+1)dΦ(Kt+1) =

(1− µ)

µ
Etβt(1− ρK)

(∫ K̃t+1

K
W g

t+1(Kt+1)dΦ
(
Kt+1)− Φ(K̃t+1)

]
Ut+1

)
by substituting in above we get

µPgtAt−µwg
t (Kt)−µKt+µ

(1− χt) σ
g

qgt
= (1−µ)wg

t (Kt)−(1−µ)z+(µ)(1−pgt )
(1− χg

t ) σ
g

qgt

µPgtAt−µwg
t −µKt+µ

(1− χt)σ
g

qgt
= wg

t −µwg
t −(1−µ)z+(µ)

(1− χt)σ
g

qgt
−µ

(1− χt) σ
gpgt

qgt

after cancelling some term and using pgt
qgt

= θg we get

µPgtAt−�µw
g
t (Kt)−µKt+

�
���

���

µ
(1− χt) σ

g

qgt
= wg

t (Kt)−�µw
g
t (Kt)−(1−µ)z+

��������
(µ)

(1− χt) σ
g

qgt
−µσgθg

(Kt)− z(1− µ)− µ(1− χt)σ
gθg

after simplification final Wage equation is as follows:

wg
t (Kt) = µPgtAt − µKt + µ(1− χt)σ

gθgt + z(1− µ) (A.2)

– Wage Determination for Bad Job with Hiring Subsidy

max
wb

t (Kt)ht

(
W b

t (Kt)− U b
t

)µ
(J b

t (Kt)− V b
t )

1−µ

wi = max
wb

t (Kt)ht

(
W b

t (Kt)− U b
t

)µ
(J b

t (Kt)− V b
t )

1−µ

Taking natural log we get

ln(wi) = µ ln
(
W b

t (Kt)− U b
t

)
+ (1− µ) ln(J b

t (Kt)− V b
t )
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Differentiate w.r.t wb(K) to get wage equation

∂wi

∂wb(K)
=

(
µ

W b
t (Kt)− U b

t

)
∂W b

t (Kt)

∂w(K)b
+

(
1− µ

J b
t (Kt)− Vt

)
∂J b

t (Kt)

∂wb(K)
= 0

(
µ

W b
t (Kt)− U b

t

)
∂W b

t (Kt)

∂wb(K)
= −

(
1− µ

J b
t (Kt)− Vt

)
∂J b

t (Kt)

∂wb(K)

µ
(
J b
t (Kt)− V b

t

)
= −(1− µ)

(
W b

t (Kt)− U b
t

) ∂Jb
t (Kt)

∂wb(K)

∂W b
t (Kt)

∂wb(K)

where
∂Jb

t (Kt)

∂wb(K)

∂W b
t (Kt)

∂wb(K)

= −1 remember V b
t = 0 we have

µ
(
J b
t (Kt)

)
= (1− µ)

(
W b

t (Kt)− U b
t

)
(A.3)

and substituting in for J b
t (x) and W b

t (K) from (2.19) and (2.24) in (A.14)

2.19 ⇒ J b
t (Kt) = PbtAt − wb

t (Kt)−Kt + Etβt[(1− ρK)(1− pgt st)

∫ K̃b
t+1

K

J b
t+1(Kt+1)dΦ(Kt+1)

+[1-(1-ρK)pbtstΦK̃t+1)]V
b
t+1 − Φ(K̃t+1)f

b
t ]

Since (1−χb
t)σ

b

qbt
=

(1−χg
t )σ

g

qgt
and also using job creation condition of bad job 19 will be-

come ⇒ J b
t (Kt) = PbtAt − wb

t (Kt)−Kt + (1− stp
g
t )

(1−χg
t )σ

g

qgt

2.24 ⇒ W b
t (Kt) = max

st

{
wb

t (Kt)−I(st)+Etβt

[
(1− ρK

)
(1−stp

g
t )

∫ K̃t+1

K

W b
t+1 (Kt+1) dΦ (Kt+1)

+
(
1− ρK

)
stp

g
t

∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1) + ρKΦ
(
K̃t+1

)
Ut+1]

}
Substitute value functions of J b

t (Kt),W
b
t (Kt) and U b

t

µ

(
PbtAt − wb

t (Kt)−Kt + (1− stp
g
t )
(1− χg

t ) Φ
g

qgt

)
= (1−µ)

[
wb

t−I(st)+Etβt

[
(1− ρK

)
(1−stp

g
t )

∫ K̃t+1

K
W b

t+1 (Kt+1) dΦ (Kt+1)+
(
1− ρK

)
stp

g
t

∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)+ρKΦ
(
K̃t+1

)
Ut+1]

}
−

z −Etβt

{
pbt
(
1− ρK

) ∫ K̃t+1

K
W b

t+1 (Kt+1) dΦ (Kt+1) +
[
1− pbt

(
1− ρK

)
Φ
(
K̃t+1

)]
Ut+1

}]
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µ

(
PbtAt − wb

t (Kt)−Kt + (1− stp
g
t )
(1− χg

t )σ
g

qgt

)
= (1− µ)

[
wb

t (Kt)− I(st)− z + Etβt

[
(1-ρK)(1−stp

g
t )−pbt

(
1− ρK

) ∫ K̃t+1

K
W b

t+1 (Kt+1) dΦ (Kt+1)+
(
1− ρK

)
stp

g
t

∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)

+[ρK − (1− pbt
(
1− ρK

)
Φ
(
K̃t+1

) ]
Ut+1

]

µ
(
PbtAt − wb

t (Kt)−Kt + (1− stp
g
t )

(1−χg
t )σ

g

qgt

)
= (1−µ)

[
wb

t (Kt)−I(st)−z+Etβt

(
1− ρK

) [
(1−

stp
g
t )−pbt

∫ K̃t+1

K
W b

t+1 (Kt+1) dΦ (Kt+1))−[(1−pbt)Φ
(
K̃t+1

)
U b
t+1+stp

g
t

∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)
]]

we also know that∫ K̃t+1

K
W b

t+1 (Kt+1) dΦ (Kt+1) =
∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)

inserting in above we get

µ

(
PbtAt − wb

t (Kt)−Kt + (1− stp
g
t )
(1− χg

t )σ
g

qgt

)
= (1− µ)

[
wb

t (Kt)− I(st)− z + Etβt

(
1− ρK

) [ ∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)−
(((((((((((((((((

stp
g
t

∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)

−pgt
∫ K̃t+1

K
W b

t+1 (Kt+1) dΦ (Kt+1))−[Φ
(
K̃t+1

)
U g
t+1−pgtΦ

(
K̃t+1

)
U g
t+1+

(((((((((((((((((

stp
g
t

∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)
]]

µ

(
PbtAt − wb

t (Kt)−Kt + (1− stp
g
t )
(1− χg

t )σ
g

qgt

)
= (1− µ)

[
wb

t (Kt)− I(st)− z + Etβt

(
1− ρK

) [
(1− pgt )

∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)− (1− pgt )Φ
(
K̃t+1

)
U g
t+1

]]
Taking common (1− pgt ) from L.H.S

µ

(
PbtAt − wb

t (Kt)−Kt + (1− stp
g
t )
(1− χg

t )σ
g

qgt

)
= (1− µ)

[
wb

t (Kt)− I(st)− z + Etβt

(
1− ρK

)
(1− pgt )

[ ∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)− Φ
(
K̃t+1

)
U g
t+1

]]
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µ

(
PbtAt − wb

t (Kt)−Kt + (1− stp
g
t )
(1− χg

t ) σ
g

qgt

)
= (1−µ)wb

t (Kt)−(1−µ)I(st)−(1−µ)z+(1−µ)Etβt

(
1− ρK

)
(1− pgt )

[ ∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)− Φ
(
K̃t+1

)
U g
t+1

]
multiply ad divide by µ in last term of L.H.S

µ

(
PbtAt − wb

t (Kt)−Kt + (1− stp
g
t )
σg

qgt

)
= (1−µ)wb

t (Kt)−(1−µ)I(st)−(1−µ)z+Etβt

µ µ
(1−µ)

(
1− ρK

)
(1− pgt )

[ ∫ K̃t+1

K
W g

t+1 (Kt+1) dΦ (Kt+1)− Φ
(
K̃t+1

)
U g
t+1

]
As we know

σg

qgt
= Etβtp

g
t

(
1− ρK

) ∫ K̃g
t+1

K

Jg
t+1 (Kt+1) dΦ (Kt+1) =

∫ K̃t+1

K

W g
t+1 (Kt+1) dΦ (Kt+1)−Φ

(
K̃t+1

)
U g
t+1

Inserting above we get

µ

(
PbtAt − wb

t (Kt)−Kt + (1− stp
g
t )
(1− χg

t )σ
g

qgt

)
= (1−µ)wb

t (Kt)−(1−µ)I(st)−(1−µ)z+

(µ)(1− pgt )
σg

qgt

after cancelling some terms we get

µPbtAt−�
��µwb
t (Kt)−µKt+

���
����

µ
(1− χg

t )σ
g

qgt
−µstp

g
t

(1− χg
t )σ

g

qgt
= wb

t (Kt)−�
��µwb
t (Kt)−(1−µ)I(st)−(1−µ)z

+
��

���
µ

(1−χg
t )σ

g

qgt
-µpgt

(1−χg
t )σ

g

qgt

µPbtAt − µKt − µst(1− χg
t )σ

gθgt = wb
t − (1− µ)I(st)− (1− µ)z − µ(1− χg

t )σ
gθgt

µ
(
PbtAt −Kt + (1− st) (1− χg

t )σ
gθgt )µ+ (1− µ) (z + I(st)) = wb

t (Kt)
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wb
t (Kt) = µ (PbtAt −Kt + (1− st) (1− χt)σ

gθgt ) + (1− µ) (z + I(st)) (A.4)
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