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Abstract

A predominant share of employment in EMDEs is in the informal sector. In 2019-2020,
approximately 72% of total employment was in the informal sector in India, with casual
employment comprising 22% and self-employment comprising 50%. How does informality
in labor markets affect inflation stabilization and monetary policy setting? To address this,
we build a medium-scale NK-DSGE model with segmented labor markets and search and
matching frictions. We calibrate the model to India. As in the data, we divide informal
employment into self-employment and casual employment. We show that more formality
improves the transmission of monetary policy. We show that a contractionary monetary
policy shock leads to a decline in both formal and informal employment (self and casual),
suggesting that monetary policy’s impact on output and inflation works through informal
labor markets as well. Our paper highlights the mechanism behind the transmission of
monetary policy in the presence of heterogeneous labor markets.
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1 Introduction

A large literature on emerging market and developing economies (EMDEs) using Dy-
namic Stochastic General Equilibrium (DSGE) models highlights the importance of in-
formal labor markets in shaping business cycles. This paper asks: how does the compo-
sition of employment between formal and informal labor impact inflation stabilization
and monetary policy transmission under inflation targeting. To address this question,
we build a NK-DSGE model with formal and informal labor markets that are segmented.
While our model is calibrated to India, the NK-DSGE setup is general enough to study

monetary policy transmission in countries with large informal labor markets.

To highlight the quantitative importance of informal employment, Figure 1, which
uses the recently available and updated India-KLEMS dataset, depicts formal and in-
formal employment trends in the Indian economy between 1980-81 and 2019-20. In-
formal employment consists of self-employed and casual workers, whereas formal em-
ployment consists of regular workers.! Figure 1 shows that self-employment dominates
the total employment structure. However, over time, its share has declined very slowly
from 58% in 1980-1981 to 53% in 2019-20.2 Casual workers constituted about 29%
of employment in 1980-1981, which decreased to 23% during 2019-20. The share of
informal employment (self-employment and casual) has declined very slowly over the
years, and constitutes the bulk of employment even today. Formal employment has in-
creased from 13 per cent in 1980-81 to 24 per cent in 2019-20. This is primarily driven
by the formalisation of workers in the manufacturing sector, where the share of regular
employment has increased from 27 % in 1980-81 to 50 % in 2019-20.

Figure 2 presents a growth accounting decomposition, where real gross value added
(GVA) growth is decomposed between contributions from factor accumulation (labor
and capital) and total factor productivity (TFP) growth. The long-term drivers of GVA
growth show that during 1980-81 and 2019-20, the capital input is the dominant factor

!Based on the PLFS 2022-23, 93.9 per cent of the workers in the formal sector were regular, 6.3 per
cent were casual, and 0.01 per cent were self-employed. In each previous year between 2017-2018 and
2021-22, more than 90 per cent of the workers each year are regular-salaried. In the informal sector,
in 2022-2023, only 10.4 per cent of the workers were regular, 24 per cent were casual, and 64.7 per
cent were self-employed. Hence, the formal sector is characterised predominantly by regular workers,
while the informal sector is characterised predominantly by casual and self-employment. While a large
proportion of regular employment is without contracts (58.2 per cent in PLFS 2022-2023 based on Usual
Principal Subsidiary Status (UPSS)), it is hard to ascertain whether these are high-salaried or low-salaried
workers. By regular employment, we therefore include all workers with and without wage contracts (as
classified by UPSS). One way to interpret regular workers without contracts is outsourced labor attached
to the formal enterprise.

2In India, a majority of self-employed are engaged in agriculture, with an average share of 67 per
cent.



(64.9% average). The labor input plays a significant role and, on average, accounts for
31.5% of GVA growth. The remaining 3.6% of GVA growth is explained by growth in
total factor productivity.®

Figure 1: Composition of Total Employment
Sources: India KLEMS, NSS, PLFS dataset; and Authors’ calculations.

Figure 2: Drivers of GVA growth - 1980-81 to 2019-20
Sources: India KLEMS, NSS, PLFS dataset; and Authors’ calculations.

Both figures suggest that within the context of a DSGE setup, ignoring labor mar-

3Under the assumption of constant returns to scale (CRS) and competitive factor markets, GVA growth
can be decomposed into contributions from factor accumulation and total factor productivity growth.
The GVA growth accounting decomposition is represented by:

AlnYt = EKtAant + DL}jAlnLt + vt

where AlnY; is the growth in real GVA for the total economy. AinK; and AlnL, are growth in factor
inputs - capital (K) and labor (L), respectively. The parameter, 7, is the two-period average compensation
shares in gross value added. v; is the TFP growth rate.
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kets generally, and informal labor markets specifically, limits the scope of analysis when

studying monetary policy questions.

One limitation of the India KLEMS dataset is that it is available only at an annual fre-
quency. It is well recognized that a study of monetary policy requires higher frequency
data. To study the impact of monetary policy shocks at a higher frequency (monthly),
we assemble a high-frequency monthly data using various macroeconomic and finan-
cial indicators. The measure of the monetary shock is calculated using a methodology
similar to Coibion et al. (2019). These authors use the movement of federal funds
futures immediately after the announcement of monetary policy to calculate the unan-
ticipated component of monetary policy. This strategy helps us in filtering out the
components of monetary policy that are in response to prevailing macroeconomic con-
ditions and, therefore, already priced into future contracts. The informal employment
data comes from the Consumer Pyramids Household Survey (CPHS) dataset compiled
by CMIE, which provides monthly data on salaried workers, daily wage labour and self-
employment.* CPHS reports employing workers in four categories: business, salaried
employees, small traders, daily wage laborers, and farmers. While wage employment
is classified as casual, self-employment is a sum of different types of business enterprise
owners in the informal sector. We sum the daily wage labourers, small traders, and
business owners to get total "self and casual employment" which will be a proxy for the
informal sector employment while salaried workers are considered as formal employ-
ment. However, the CPHS dataset is only available from 2016 onward. This leads to a
limited number of observations for the period we are analyzing and makes any robust
inferences tricky. In Section 2.2, we use monthly CPHS data to measure total employ-
ment in the informal sector and use it along with other macro variables available at a
monthly frequency (with longer duration) to measure the impact of monetary policy

shocks in a local projections (LP) framework®

The impulse response functions (IRFs) from the LP model show that a one standard
deviation contractionary shock in monetary policy leads to a delayed but significant
impact on the high-frequency indicator of GDP, with a positive impact in the first 18

months and a subsequent negative impact in the following 22 months. The impact on

4CMIE stands for Center for Monitoring the Indian Economy. The CPHS, conducted by CMIE, is
conducted in three waves every year, with a single wave done every four months. The survey households
are given a recall period of four months, which helps to derive the monthly estimates.

>The LP framework has increasingly been used to measure the effects of fiscal policy shocks (Auer-
bach and Gorodnichenko, 2013; Jorda and Taylor, 2016; Ramey and Zubairy, 2018) and monetary policy
shocks (Coibion et al., 2019) on macroeconomic variables, as the empirical strategy is free from misspec-
ification issues found in VARs (Jorda, 2005).



total informal employment starts with a lag of about 8 months and remains negative
up to 30 months, although not always statistically significant. The formal sector labor
market tightness index, constructed by the authors, also sees a broadly negative but
mostly statistically insignificant impact. The policy shock has a significant and nega-
tive impact on non-food and non-fuel consumer price inflation (Core CPI), which starts
with a lag of about 8 months and remains negative up to 40 months. The peak impact

of one standard-deviation monetary policy shock on CPI is estimated to be about 40 bps.

Given Figure 1 and Figure 2, and the IRF analysis from the CPHS dataset, we build
a medium-scale NK-DSGE model with dual labor markets and search and matching fric-
tions. Our main research question is how does the composition of employment between
formal and informal labor in a large EMDE (like India) impacts inflation stabilization
and monetary policy transmission under inflation targeting. To address this, we as-
sume that the labor market is segmented between formal and informal laborers in line
with the literature describing the labor market of emerging economies (Gutierrez et
al., 2019; Sugiharti et al., 2022). The formal sector has both public and private sector
jobs, which are subject to search and matching frictions. In the informal sector, as in
the data, there are self-employment and casual employment jobs. We assume that only
casual jobs in the informal sector are subject to search and matching frictions. Like
Michaillat (2014), households derive utility over consuming a final private good and
a public good. The final private good is produced by two types of intermediate goods
firms: formal intermediate good firms and informal intermediate good firms. The pub-

lic good is produced only by formal labor.

Both formal firms and the government look for workers by posting vacancies, and
only a fraction of the vacancies are matched. Firms in the informal sector looking for
casual workers also post vacancies. Unemployed workers search for jobs. Wages are
determined by Nash wage bargaining, where casual labor has less bargaining power.
Labor market segmentation means that households either supply hours in the formal
sector or the informal sector. Monetary policy follows a Taylor Rule. To the best of
our knowledge, this is the first rigorous analysis using annual employment data (con-
structed using information from NSS, PLFS, and India KLEMS datasets) to identify a set
of stylised facts of India’s labor market indicators, which can assist in the calibration
exercise. We also augment our empirical analysis with high-frequency monthly data
from the CPHS dataset to generate IRFs using local projections that quantify the impact

of monetary policy shocks on inflation, the unemployment rate, and output.

Our model framework, calibrated to India, allows us to examine how monetary



policy surprises impact different types of labor (formal, informal), and what the differ-
ential impact is, as in the IRFs. Like Alberola and Urrutia (2020), we are interested
in the implications of informality for inflation stabilization and monetary policy under
inflation-targeting regimes. We find that a contractionary monetary policy shock leads
to a decline in aggregate consumption, a decline in inflation, a decline in investment,
a decline in output, a decline in the capital stock, and a decline in private formal em-
ployment. Unemployment rises in both formal and informal labor markets. There is a
decline in casual and self-employment, which implies that total informal employment
falls. When we exogenously raise the proportion of formal firms contributing to final
good production (3 per cent relative to baseline), we find that a contractionary mone-
tary policy shock leads to a small additional reduction in inflation relative to baseline
on impact, suggesting that monetary policy is more effective when there is more formal-
ity in the economy. When we conduct a counterfactual analysis using a higher increase
in the formal good elasticity with respect to output, we get a reduction in the impact

effect of monetary policy relative to the baseline.

We also use the annual India KLEMS, NSS, PLFS dataset to identify key labor mar-
ket stylised facts that characterise the business cycle in India, a large emerging market
economy, over a 40-year period. In recent years, the India KLEMS dataset has become
publicly available and provides an annual time series of persons employed. The KLEMS
database with additional information from the National Sample Survey (NSS) and Peri-
odic labor Force Survey (PLFS) datasets allows us to calculate the composition of total
employment between regular workers (formal), and casual and self-employed workers
(informal), and therefore make our research possible.® One of the novel aspects of our
paper is that we use the KLEMS data to calibrate several structural parameters, which
allows us to understand the mechanism behind the impact of monetary policy shocks

on heterogeneous labor market outcomes.

We find regular (formal) employment to be pro-cyclical. Casual employment (infor-
mal), in contrast, is counter-cyclical.” Self-employment, which constitutes the bulk of

informal employment, has an insignificant correlation with output. This suggests that

6As detailed in Appendix A, the KLEMS dataset uses various rounds of the National Sample Sur-
vey (NSS) and the EUS (Employment-Unemployment Survey) to calculate regular, casual, and self-
employment annually between 1980-81 and 2011-12. KLEMS uses the PLFS dataset, started in 2017-18,
to provide regular, casual, and self-employment series from 2017-18 onwards. The values between
2011-2012 and 2017-18 are interpolated.

"However, when we add construction sector GVA to modern sector GVA, we find that casual em-
ployment becomes strongly pro-cyclical. This happens because the share of the construction sector in
total casual employment increased from 5 per cent in 1980 to 39 per cent in 2019, and construction
employment is strongly pro-cyclical.



upturns in the Indian business cycle have historically been associated with an increase
in regular (formal) employment and a decline in casual (informal) employment. These
results also hold when we confine output to "modern sector" output by combining man-

ufacturing and service sector GVA to get modern sector GVA.8

1.1 Literature Review

DSGE models are increasingly being used to study business cycles in emerging market
economies and the Indian economy (Gabriel et al., 2012, 2016; Ghate et al., 2018;
Banerjee and Basu, 2019; Banerjee et al., 2020; Kumar, 2023). However, these models
are constructed without reference to labor markets due to the lack of a comprehensive
data set on formal and informal labor market indicators.” We build on this literature
by building a medium-scale NK-DSGE model with search and matching frictions across
employment types (regular, self, and casual) as in the data. We calibrate the model and
provide model validation by matching key moments from the India-KLEMS data. This
allows us to trace the impact of monetary policy surprises on job vacancy rates, unem-
ployment rates, and employment levels of different types of labor in both the formal
and informal labor markets.

Our model incorporates features of both Michaillat (2014) and Alberola and Urrutia
(2020). Like Alberola and Urrutia (2020), we assume that labor markets are dualistic
with search and matching frictions. However, we assume three different types of labor
(regular, casual, and self-employed), which Alberola and Urrutia (2020) do not. Like
these authors, we are interested in the implications of the presence of each of these
types of labor for inflation stabilization. Michaillat (2014) builds a NK-DSGE model
to estimate the public employment multiplier in the US. He shows that the public em-
ployment multiplier doubles when the unemployment rate increases from 5% to 8% in
the US. While our model borrows some features from Michaillat (2014), the focus of
our study is different. We add informal labor markets to the basic model in Michaillat
(2014). However, we are interested in monetary transmission when labor markets are

dualistic, and how different labor types in a multi-sector production framework affect

8The share of casual workers in agriculture is around 37 per cent, self-employed workers around 61
per cent, and regular workers is 2 per cent. We proxy for output using GVA data, since KLEMS reports
sectoral GVA data for twenty-seven sectors in the economy from 1980-81 to 2019-20. In Appendix C we
show that these stylised facts are consistent when output (real gross domestic product) is measured from
the demand side as well.

?Gabriel et al. (2012) and Banerjee et al. (2020) treat consumers as informal workers as a rule of
thumb. The lack of labor market indicators means that the output gap is usually used as a measure of
slack.



inflation stabilization.

Following the HANK literature, our paper contributes to a growing body of research
exploring how monetary policy transmission is mediated through labor markets (Ka-
plan et al., 2018; Auclert et al., 2020; Morrison, 2025). Unlike these papers, however,
our papers focuses on labor markets in EMDEs where a large component is informal
and there are heterogenous labor types. More generally, our paper contributes to a
growing literature on monetary transmission in EMDEs.!°We contribute to this litera-
ture by identifying the mechanism behind the transmission of monetary policy through
heterogeneous labor markets. The novel feature of our analysis is that we study how
monetary transmission affects both self-employment and casual employment, the pre-
dominant forms of informal labor, which have large shares in total employment in many
EMDE:s.

2 Some Stylised Facts on Indian Labor Markets

In this Section, we produce some stylized facts governing Indian labor markets. Iden-
tifying these stylized facts has only recently become possible with the release of the
India-KLEMS dataset.

2.1 GVA and Employment: KLEMS, NSS and PLFS Datasets

Real gross value added (GVA), our preferred proxy for GDP, and regular, casual and self-
employment series for India for the period starting 1980-81 to 2019-20 are obtained
from India KLEMS data with additional information from NSS and PLFS employment-
unemployment survey rounds.!! We choose real gross value added (GVA), real gross
domestic product (RGDP), and regular, casual, and self-employment (in numbers of
people). The cyclical components of GVA, RGDP, and the employment series are ex-
tracted using a full sample, asymmetric Christiano-Fitzgerald (CF) filter after removing
a linear trend.!? The cyclical components of the variables are then used for corre-
lations, auto-correlations, standard deviations, relative standard deviations, and the

covariance. The detailed data source of the variables and the transformations used

10See various chapters of Ghate and Kletzer (2016) for a discussion of monetary policy in India. See
also Alberola and Urrutia (2020) and the references therein, and Alex (2025).

Details on the dataset are provided in Appendix A.

12To extract a business cycle component from a time series model, y,, two different approaches are
used: frequency extraction and signal extraction. Under frequency extraction, one estimates the compo-
nent of y,; that fluctuates cyclically at a frequency in a range that corresponds to a business cycle between,
for example, 1-8 years per cycle. This is done most efficiently by operating in the frequency domain.



are provided in Appendix A. We generate stylised facts for employment and output cy-
cles for three alternate specifications - (i) total GVA, (ii) modern sector GVA, and (iii)
modern sector plus construction GVA. This allows us to study how formal and informal
employment have varied across the Indian business cycle over the last 40 years, and

how these relationships differ across broad sectors in the economy:.

Ox T pecva | Cov(x,GVA) | pyy,
OGV A '

|Real GVA [ 0.13|1 |1 | 0.02 | 0.71 |
Regular 0.03 1022 |0.77 |0.002 0.57
Employment
Casual 0.02 | 0.13 |-0.79 |-0.002 0.57
Employment
Self 0.01 | 0.09 |-0.21* | -0.0003 -0.02*
Employment

* indicates insignificance

Table 1: Total GVA and Employment Cycles

Sources: India KLEMS, NSS, PLFS dataset, and Authors’ calculations.

In Table 1, o, represents the standard deviation of a variable z; 0;’;4 represents the

relative volatility of variable = with respect to GVA; p, ¢v4 measures the correlation

between the x and and GVA; Cov(z, GV A) denotes the covariance between a variable
and total GVA; and p,,, , denotes the first-order auto-correlation. We see that regular
employment is strongly correlated with total GVA (correlation = 0.77) in the Indian
economy. The covariance of regular employment and total GVA is 0.02, suggesting that
it is pro-cyclical. Casual labor, in contrast, is counter-cyclical, with a covariance of -
0.002, suggesting that downturns in the Indian business cycle are associated with an
increase in casual employment, and vice-versa, historically. We observe that all forms of
employment are less volatile than total output. However, the relative volatility of reg-
ular employment is higher than the relative volatility of casual and self-employment.
Self-employment shows a statistically non-significant a-cyclical relationship with out-
put.

Figure 3 plots the cyclical component of regular employment (formal), casual em-
ployment (informal), and self-employment (informal) against total output (measured
using GVA). Table 1 and Figure 3 show that during a business cycle upturn, an increase
in output increases the demand for regular employment, whereas during an economic

downturn, due to fewer employment opportunities and the relatively higher wages of

9



formal workers, regular employment decreases. Casual employment and GVA cycles,
on the other hand, are counter-cyclical. During a business cycle downturn, there is an
increase in the employment of casual workers as firms switch demand from workers
in regular employment to casual employment. During a business cycle upturn, due
to increased demand, firms tend to hire more regular workers with higher skills, and

hence the demand for casual workers decreases, and the demand for regular workers

increas

Oy

Ox pecva | Cov(x,GVA) | py,, .
OGV A '

|Real GVA | 049 |1 |1 | 0.25 1 0.79 |
Regular 0.03 | 0.06 |0.75 |0.01 0.64
Employment
Casual 0.03 | 0.06 |-0.46 |-0.01 0.57
Employment
Self 0.01 | 0.02 |0.14* |0.01 0.25%
Employment

* indicates insignificance

Sources: India KLEMS, NSS, PLFS dataset; and Authors’ calculations.

Table 2: Modern Sector GVA and Employment Cycles.
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When we redo the above exercise by adding manufacturing and service sectors to
get "modern sector" GVA, the results strengthen. As can be seen from Table 2, the
covariance between regular employment and GVA is positive (0.01). Formal employ-
ment is pro-cyclical when output is measured by modern sector GVA. In contrast, the
covariance between casual employment and GVA is —0.01, or counter-cyclical. The
correlation between self-employment and modern sector GVA is statistically insignifi-

cant, like before.'®> Modern sector GVA and employment cycles are shown in Figure 4.1#
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Figure 4: Modern Sector GVA and Employment Dynamics: 1980-2020
Sources: India KLEMS, NSS, PLFS dataset; and Authors’ calculations.

Finally, to study employment over changing structural patterns of the economy, we
examine the business cycle moments across three sub-periods: 1980-81 to 1999-00,
2000-01 to 2009-10, and 2010-11 to 2019-20. The results show that the volatility of
real GVA and regular employment is 0.18 and 0.03, respectively, during 1980-81 to
1999-00, and this declines to 0.02 and 0.01, respectively, between 2000-01 to 2009-
10, but further increases to 0.03 and 0.04, respectively, during 2010-11 to 2019-20.

Employment relative to output has witnessed an increased volatility over the years.

13Self-employment in the modern sector averages 48 per cent between 1980-2019, and 43 per cent
during 2017-2019.

14In Appendix B, we also study the relation between employment and the modern sector with the
“construction” sector (using construction GVA) that represents a fuller presentation of modern sector
output.
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During 2010-11 to 2019-20, regular employment was 1.2 times more volatile than real

GVA, even though across the entire sample, the relative volatility is much more muted.!®

2.2 Impulse Responses using LLP

The primary focus of our paper is to study the impact of monetary policy transmission
in an economy with heterogeneous labor markets. To supplement the stylized facts
from Section 2.1 with IRF analysis, we assemble high-frequency monthly data on var-
ious macroeconomic and macro-financial indicators. These include overnight indexed
swap (OIS) rates, short-term and long-term benchmark interest rates, consumer price
inflation, a multi-variable monthly economic activity indicator, an indicator of formal
sector labor market tightness, and informal sector employment from the CPHS dataset
compiled by CMIE. The data for interest rates, OIS, economic activity, and labor mar-
ket tightness are from the period January 2010 to November 2019. The inflation data
for the combined consumer price index is available from January 2012, while the em-
ployment data is only available from January 2014.'® Using this data, we use a local
projections (LP) framework to identify the impact of a monetary policy shock on a va-
riety of macroeconomic variables, including labor market indicators. Specifically, we

estimate the following set of regressions.
AXt—l—h,t—l = ap + ,Bh * (Get_l) + v * (AXt—l,t—Q) + € where h = 1, 2,., 40 (1)

In the model above, X is a macroeconomic or macro-financial outcome variable,

15The pro-cyclicality of regular employment with GVA is high and significant across all sub-periods.
Casual employment is significantly counter-cyclical during 1980-81 to 1999-00 and from 2010-11 to
2019-20. For self-employment, we find a transition from significant counter-cyclicality during 1980-81
to 1999-00 to non-significant pro-cyclicality for the next two sub-periods.

16The indicator of labor market tightness is constructed using two indicators - the Naukri JobSpeak
Index, and the formal sector composite purchasing manager’s index (PMI) of employment. The Naukri
JobSpeak Index is a measure of the number of vacancies advertised on the online employment platform
Naukri.com. The index has been log-transformed and de-trended using a CF filter to obtain a cyclical
component. The PMI employment measures the dynamics of hiring in formal sector firms. This vari-
able, too, is log transformed and filtered in the same way. Finally, the formal sector tightness index is
obtained as the first principal component of the two variables. The index is positively correlated with
both JobSpeak Index and PMI employment, and therefore, an increase in the index implies tightening of
labor market conditions and vice versa. The CPHS data on total employment is obtained at a monthly
frequency from the CMIE website. CMIE reports estimates of total employment in non-farm casual and
self-employed categories. This matches our definition of the informal sector. However, the CMIE em-
ployment data start from January 2016, which reduces the number of observations to 48. The CMIE also
publishes a household-level dataset where they categorize each household as casual or self-employed
based on the job status of the primary earner. This dataset is available at a monthly frequency from
January 2014. The number of households in each category of employment is highly correlated with the
number of individual workers in each category, with a coefficient of 0.9. We use this correlation to extrap-
olate individual-level employment data from 2014 to 2016. This increases the number of observations
substantially and helps make the estimates more robust. The employment data is also log transformed
and filtered using a Christiano-Fitzgerald filter to obtain cycles.
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and ee;_; is the measure of the monetary policy shock. The coefficients 3, are plotted
against time to obtain the impulse response functions (IRF) along with their confidence
interval bands. The outcome variables analysed in this model are short-term and long-
term sovereign bond yields, inflation rate as measured by consumer price index - core
(non-food, non-fuel), a high frequency nine indicator dynamic factor measure of eco-
nomic activity which has been shown to track year-on-year, quarterly GDP growth rate
well (Bhadury et al., 2021), total informal sector employment, and formal sector la-
bor market tightness. The level series of the economic activity indicator is seasonally
adjusted, log-transformed, and de-trended using an asymmetric Christiano Fitzgerald
filter to obtain the cycles. The local linear projections are carried out on these cycles.

The transformations on the other variables have been elaborated in the footnote.

The measure of the monetary shock is calculated using a methodology similar to
Coibion et al. (2019). They use the movement of federal funds futures immediately
after the announcement of monetary policy to calculate the unanticipated component
of monetary policy. This strategy helps in filtering out the components of monetary pol-
icy that are in response to prevailing macroeconomic conditions and, therefore, already
priced into future contracts. As a result, the movement in the yields of futures contracts
immediately after the policy should represent innovations in the policy. However, in the
case of India, there are no marketable futures contract on the policy rate. To bypass
this issue, the one-day change in the yield of one-month overnight indexed swap (OIS)
contracts on the day of the policy is used as the measure of monetary policy surprise or
innovation. The one-day change in yields of OIS contracts in India has been found to
capture monetary policy or other macroeconomic shocks adequately; it has also been
found to be an effective predictor of market reaction to monetary policy shocks (Das et
al., 2020). In the present study, the monthly average of the shocks is used as the main

explanatory variable.!”

The sample is restricted between January 2010 and November 2019 for the fol-
lowing reasons: first, the measure of the monetary policy shock, i.e., OIS data, is not

available for all days prior to 2010. Second, the RBI undertook several unconventional

17Lakdawala and Sengupta (2024) provides a novel method for the construction of shocks of monetary
policy in India. These authors use changes in OIS rates of different maturities and principal component
analysis to decompose monetary policy surprise measures into two factors: path and target. When we
use their measure of monetary policy surprise using our local linear projection setup, the results are
weaker than the surprise measure that we use (change in the one-month OIS rates on the day of the
policy). We also compare the three measures (path, target, and our measure) using a regression similar
to Kuttner (2001) to examine how they differ in their effect on short-term and long-term interest rates.
We find that our measure of policy surprise has a larger coefficient than the decomposed factors. These
results are available from the authors on request.
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monetary policy actions apart from changes in the policy rate from November 2019,
which may complicate the relationship between OIS and the policy rate. Third, the
study intends to avoid the COVID period.

The results from the empirical exercise are represented in terms of the following
IRFs in Figure 5. The black line plots the reaction of the macro variables to one stan-
dard deviation shock in monetary policy. The darker shaded region is a one standard
deviation confidence interval, and the lighter shaded region is the 90 per cent confi-
dence interval. The reaction of all the dependent variables should be interpreted in
terms of percentage, except that of inflation, which is to be interpreted in terms of
percentage points. The standard errors are obtained using Newey-West to make them
robust to serial autocorrelation.

Figure 5: Local Linear Projections IRFs

Note: Each panel plots the impulse response function (IRF) of the concerned variable to one standard
deviation shock in the monetary policy surprise variable. The lighter shaded area plots the 90 per cent
confidence interval of the impulse responses, while the darker shaded area plots one standard deviation
confidence bands. All the panels except panel 6 are to be interpreted in terms of percentage change,
panel 6 should be interpreted in terms of percentage points change. The CPHS publishes data on total
salaried employment as well, which can be a proxy for the formal sector. However, the IRFs for salaried
employment are largely insignificant and volatile and therefore not reported here.
Source: Authors’ calculations.

The first and second panels show the effect of a one standard deviation shock in
monetary policy on short-term (T-Bill rates) and long-term government securities (10-
year GSEC yield). The IRFs show that the effects are positive, immediate, and remain
statistically significant for up to 40 months after the shock in the case of T-Bills and up
to 18 months for GSECs. The third panel shows the effect of monetary policy shock

on output cycles as captured by the de-trended nine indicator dynamic factor. The
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effect is initially positive for up to 15-16 months and then turns negative and remains
negatively significant up to 40 months.'® The fourth panel shows a negative effect
of the policy shock on informal employment. Informal employment falls from the 7**
month after the policy shock and remains negative up to 30 months, although it is not
always statistically significant. The fifth panel plots the response of the index of labor
market tightness to a positive policy shock. The impulse response is very volatile and
statistically insignificant for most periods, although the response is largely negative,
implying a reduction of tightness in the labor market. The last panel shows the response
of core inflation to the policy. The impact is significant after about 10 months and

remains negatively significant for the rest of the months.

3 The Model

From Section 2.1, it is apparent that the relation between the GVA cycle and the em-
ployment cycle of different types of employment is varied. This suggests segmentation
in the labor market. Section 2.2 illustrates how monetary policy surprises lead to in-
flation outcomes via heterogeneous labor markets. This leads to the question: How
does an economy with segmented and heterogeneous labor markets react to a mone-
tary policy shock? In this Section, we address this question by building a medium scale
NK-DSGE model with dual labor markets. To establish model validation, we calibrate
the model to match moments of the modern sector of the Indian economy as presented
in Table 2.1° We use the calibrated model to understand the effect of a monetary policy
shock on different types of employment. We show that the direction of the model gen-
erated impulse response for relevant variables are largely in line with the empirically
estimated impulses, estimated in Section 2.2. We also study the outcomes from the
monetary policy shock under different counterfactuals that capture different structural
features of EMDE:s.

3.1 Final Good Production

Our model features both formal private and public sector jobs, and casual and self-

employment in the informal sector. The labor market is assumed to be segmented

18We also checked our results using the monthly Index of Industrial Production (IIP). The results are
not intuitive. The dynamic factor-based indicator we use captures a much larger section of economic
activity compared to IIP, as the latter is only a measure of industrial activity and does not include the
large service sector in India. In addition, IIP is not strongly correlated with GDP growth, while the
dynamic factor-based indicator tracks GDP growth with precision. Using IIP as a gauge of economic
activity also has several well-known drawbacks.

We do not include the agriculture sector in the model, and in the rest of the analysis.
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between formal and informal laborers, as in Srivastava (2019). Labor market segmen-
tation means that households either supply hours in the formal sector, or in the informal
sector.?°

The private final good, p, is produced by two types of monopolistically competitive
intermediate good firms: formal intermediate good firms and informal intermediate
good firms. The public good, g, is produced by formal labor, employed in the public
sector (L, ;). For simplicity, we assume that formal and informal intermediate goods are
produced by ¢ and 1 — ¢ measures of monopolistically competitive firms, respectively.
Formal firms are indexed by i and informal firms are indexed as j. The production

function of final good bundles formal (Yr) and informal (Y;) intermediate goods as
follows,
1—y

(/ ’ Y()d)] ( / 1 m,tu)?dj);l] | @

where € is the common elasticity of substitution between formal varieties and infor-

Vi=A

mal varieties. The parameter v € (0, 1) depicts the importance of formal inputs in the
production process. Hence, one way to interpret (1 — ) € (0,1) is that it constitutes
the production "linkage" between the informal intermediate input market and the final

goods sector. A high value of v means that this linkage is small.?

We assume that the production of formal intermediate goods uses capital (/) and
formal labor employed in the private sector (Z,). The production function of the formal

i'" firm is Cobb-Douglas and homogeneous of degree one. That is,
YF,t(Z.) = EFZF’tLpﬂg(Z.)aFKt(Z.)l_aF. (3)

where 2z, is a time dependent technology parameter of the formal sector, and Zr is the
time independent productivity parameter of the formal sector. The technology shock,
Zr¢, is assumed to follow an AR(1) stochastic process (in logs).??The informal interme-
diate goods are produced by casual (L.) and self-employed (L,) workers. The produc-

tion function Y7,(j) is also Cobb-Douglas and is homogeneous of degree one,

Yi(5) = Zrz14Let(§)* Loy (), C))

where z;, is the time dependent technology parameter of the informal sector, and z;

20See Esteban-Pretel and Kitao (2021) for a structural life cycle model with equilibrium unemployment
in a dual economy that models the effects of different labor market and fiscal policies, with workers
MOVing across Sectors.

21gee Castillo et al. (2010).

228pecifically, In(zp:) = prin(zri—1) + €Fg.
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represents a time-independent productivity differential between the formal and infor-
mal sectors. By assumption, the informal sector uses an inferior time-independent
technology compared to the formal sector. This implies zZr > Z;. Following Fernadndez
and Meza (2015), we assume that the technology shock in the informal sector is related
to the technology shock in the formal sector, as there is a pass-through of technolog-
ical development from the formal to the informal sector. The relation is as follows:

Zre = 27y 124, where 0 < py <land 0 <w < 1.

Monopolistically competitive firms face a quadratic Rotemberg price adjustment
cost, given by ¢ > 0.

The total cost, T'C, faced by a final good firm is

¢ 1
TOt - / PFJ(Z')YF’t(Z.)dZ. +/ PLt(j)}/Lt(])d] (5)

0 ¢
where Pr, (i) is the price of i'" variety of formal intermediate goods and Pr,(j) is the
price of the j*" variety of the informal intermediate good. The firm minimises 7'C; with
respect to Yr:(i) and Y7,(j) subject to the production function described in equation
(2). The first order conditions (FOC) and the zero profit condition result in the demand

equations for the formal and informal intermediate goods

P, Pr,(i)\ €
V(i) = P—Ft( j;;i”) VY, (6)
and,
P, P (i)\ ¢
Vi) = i( jiff)) (1-")Y,; %)

where P, Pr;, and Py, are the price index of the final good, formal intermediate good,

and informal intermediate good, respectively. The price indices are defined as follows.

1
_ v pl—vy
P = ’7/7(1 — 7)1_7PF¢P]¢ (8)
¢
Ppc = / Ppy(i)' = di %)
0
1
Py = / Pry(j)'~<dj. (10)
@

The terms of trade (7'T;) between goods of the informal and formal sector are defined
as %. The per-unit formal good’s cost deflated by the final good’s price (}%'t) can be
expressed as a function of 7'7T;. Similarly, %t, can be written as a function of 7T, in

the following way:
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Pry

- =7 (1= T, (1)
t

Pry

— =471 —)TT,. (12)
P,

3.2 Labor Markets

Formal (private and public) and informal (casual) labor markets are subject to search
and matching frictions. Both firms and the government search for workers by posting
costly vacancies, and unemployed workers search for jobs. The term xpZpzp; is the
cost of posting a vacancy faced by private firms in the formal sector. For public sector
jobs, the cost of posting a vacancy is given by x,Z,zr;. Unemployed formal workers
simultaneously search for private and government jobs, and only a fraction of them are
matched through a common matching function. We assume that the job break rates of
private and public jobs are different: the private sector job break rate (\,) is greater

than the public sector job break rate (\,).

In the informal labor market, only casual jobs face a search and matching friction.
Self-employed workers in the informal sector face a competitive labor market. There-
fore, in the case of self-employment, the labor market clears from the demand side.
Firms in the informal sector looking for casual workers post costly vacancies. The cost
of posting a vacancy to hire a casual worker in the informal sector is x;z;z;;. Unem-
ployed informal workers search for jobs. Through a matching function, a fraction of
them end up being matched. The job break rate of the casual jobs is \.. The matching
function is given by

My = Moy (U V™), (13)

J't Uit

where j' € {F, I}, Moy is the matching efficiency, and 7 is the elasticity parameter of
the matching function with respect to U;,. The probability that unemployed workers
face with being matched with a job is
M‘/ 1—n./
[y (O50) = U;t = Moy 0;,,"" (14)

y/
i 7t

Similarly, the probability that vacant firms face of being matched with a worker is

M. .,
4y (0j0) = =25 = Moy, (15)

5/
Vj't J't

Labor dynamics of formal sector workers and casual workers can now be defined. Em-
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ployment dynamics in the frictional labor markets have two parts: workers who retain
their jobs and workers who are newly employed from the unemployed pool. For the

formal sector, the labor dynamics that a household faces are given by

Lpit Loy = (1=Ap) Lps1+(1=Ag) L1+ (1 = (1= Ap) Lpp1 — (1= Ag) Lg 1) fr(Ora)-
(16)

Similarly, for casual labor in the informal sector, the dynamics are given by,
Lc,t - (1 - Ac)l/c,t—l + (1 - (1 - )\C)Lc,t—l - Ls,t)f[(‘gl,t)- (17)

The total number of casual laborers at time ¢ is the total of the number of casual workers
who retain their jobs from the last period and the number of newly employed casual

workers matched from the unemployed pool of informal laborers.

3.3 Households

Following Alberola and Urrutia (2020), an infinitely lived household has both formal
and informal types. We assume that the formal (F) and informal (/) sectors have
employment that is of two types each. Households derive utility from consuming the
final private good and a public good. The household’s expected utility function follows
Michaillat (2014), and is given by

+o0
E, Z B [In Cy + xin g4 (18)

t=0
where x > 0 is the exogenous preference parameter for the public good. Since the labor
market is segmented, households choose labor hours in private or public employment
within the formal sector and between self-employed or casual employment categories
within the informal sector. Households supply a fixed proportion, ¢, and, 1 — ¢, of labor
hours to both the formal and informal labor employment, respectively. Households also
invest in the capital stock and one-period risk-free bonds. The household owns both
the informal and formal firms, and their labor income is taxed at the constant rate,

7 € (0, 1), on formal wage income.

The household budget constraint is

Co+1Li+—==¢(1 —7)(wptLps +wyiLyy) + (1 — @) (WeyLey + ws L)

By
By

(19)
+Ri_y

+ 1 K+ ¢l + (1 — @)l 4,
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where I, is investment in the capital stock, B; is the nominal bond holding of riskless
one period bonds, P, is the price of the final good, R, > 1 is the gross return from
holding bonds, r; is the return from capital, IIz; is the profit from formal firms and II, ;

is the profit from informal firms. The aggregate capital stock grows according to
Kt+1 - ]t + (1 - 6)Kt, (20)

where § € (0,1) is the depreciation rate. Households maximise inter-temporal utility
(18) subject to equations (19), (20), (16) and (17) with respect to {Cy, by, K11, Ly ¢, Ly,
L.., L.}, respectively. As shown in Appendix (D), the first order condition (FOC) with

respect to current COIlSlllTlptiOI'l iS,

1

Cop = a (21

Using the FOC with respect to current consumption and the nominal bond holding, we

get equation (22):

— = BE ) (22)
R [Om P
Equation (23) is the FOC with respect to K;,; (using equation (21)):
B, [Ccvt“ (res1+1— 5)} = 1. (23)
Cot

Equations (22) and (23) lead to the standard household’s Euler equations for consump-

tion and bond holdings, respectively:

C,
1= B]Et |:C t (1 ) + 7"t+1):| (24)
t1
1 Cy 1 }
— = OE; | —— (25
Ry PE, [Ct+1 1+ 7 )

The FOC with respect to formal labor supply in the private sector is given by equa-
tion (26):
Cre = (1 = TwpeCop + BE[(1 = Ap)Cresa(l = fr(Ore1))] - (26)

Equation (26) says that optimising households equate the flow return from a private
formal job, (r,, to the utility value of the after-tax wage, (1 — 7)w, ¢+, plus the dis-
counted flow value of a job in the next period, given that the job is retained, net of
the loss in flow value from any additional job creation (f(0r+1)Crt+1), which does not

happen if the job is retained.
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The FOC with respect to the public sector’s formal labor supply is given by equation
(26):
Cre = (1 = T)wgiCop + BE (1 — Ag)Crut1 (1 — fr(Ores))] - (27)

As in the case of equation (26), equation (27) implies that optimising households
equate the flow return from a formal public job, to the utility value from an after-
tax public wage, (1 — 7)w, (¢, plus, the discounted flow value of the job from the
next period adjusting for the loss of flow value from any additional formal sector job

creation (f(0p:11)Cre+1) which does not happen if the job is retained in the next period.

Similar to the above FOCs, the FOC with respect to L., is given by equation(28),

with similar intuition as above:

Crt = weCop + BE (1 — Ae)Crosr(1 = fr(Or,41))] - (28)

Self-employed labor supply is given by the following FOC:

ws,t

Cre = 7000

Goyt- (29)

There are no search and matching frictions in self-employment. On the margin, in-
formal workers equate the flow return from being self-employed, (;:, with the utility
value of the self-employed wage, w;, adjusted for the probability that the unemployed

workers face with being matched with a job, f;(6;,).

3.4 Profits and Wages

We now describe the formal and informal firm’s profit maximisation and wage determi-
nation problems. We provide details of the derivations in Appendix D.2.1 and D.2.2.
3.4.1 Profit Maximisation

The discounted sum of the infinite profit stream for formal firms (indexed by i) is given
by

Apa(i) =Eo Z B'Ge [PFt Yia (i) — wp i Ly (i) — B (i) —

Pr(1 S|

(30)

The formal firm ¢ maximises, profits, Ap,(¢), with respect to L, ;, K;(7), V(2)p+(3), Prs(7)
subject to equations (3), (6) and (A2). The FOC for formal labor in the private formal
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sector firm is given by equation (31):

N K (i) \'7oF Cy
pri(i) |pZrzr, . = Wyt + fipr — B(1 = Ap)Ey | —ppi41 (31)
Ly 4(i) Cina

The LHS of equation (31) is the marginal product of a formal worker to a formal firm i.
The first term on the RHS of equation (31) is the formal wage (w,,); the second term
on the RHS is the discounted net shadow price of labor. At period ¢, the labor demand
for firm i is L, ,(¢) of which (1 — \,)L,,_1 employees are carried forward from the pre-
vious period. At period ¢, the additional labor intake by a firm is L,; — (1 — A\,)Ly¢—1-
Hence, the flow shadow price of labor (1, ;) for period ¢ is adjusted by the shadow price
of labor, which is carried over to the next period.

The FOC with respect to physical capital for the formal intermediate good producing
firm equates the marginal product of capital (LHS) to the rental rate (RHS):

ura (i) {(1 — ar)zp (igj(%))w} ~ % (32)

The optimal vacancy posting for a formal intermediate good (the FOC with respect

to V(7)) producing firm is given by equation (33):

it ()qr(OFs) = XFZr2zE, (33)

On the margin, a formal firm equates the marginal benefit of posting an additional
vacancy (LHS) to the marginal cost (RHS).

The intermediate good producing firms enjoy price setting power as they face a
monopolistically competitive product market. Taking the FOC with respect to (Pr(i)

gives the price setting equation of the firm. This is in equation (34) below:

Pra(i 1 p Cy Py ( Pra(i)\*
FJ(Z) _ ,uF,t(Z) € + = wF St LE F,t(l)
-Pt e—1 Y E— 1 }/t Pt PF,t

34

Equation (34) shows that the relative price (P%t(i)) is a function of the shadow price of
the formal good (ur, (7)) multiplied by the demand elasticity of the formal good (-5)
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plus the cost associated with the change in price as monopolistically competitive firms
face a Rotemberg price adjustment cost. The aggregate price index, P;, is given by
equation (8).

The discounted profit stream for an informal firm (indexed by j) is given by

. = Pri(7 . . .
Ara(j) =Eo Y B'Coy [ 1)y, (5) — werLs () — s Lns (G)—
t=0 B
V1 [ Pri(d) g e
_ Vo, (5) — P It ]4 _ 1) |
XiZ1zVeaJ) 2 (PI,t—l(J) Coy

The informal firm j maximises, profits, A;;(j), with respect to {P;(j), Lct(j), Lst(5), Ver(7) }
subject to equations (4) and (7). The FOC of the informal firms are given by equations
(36) to (39).

The FOC with respect to L..(7) is given by equation (36):

Ls,t(j)
Lc,t (])

-«
, _ ! C
pure(7) [apzzzu < ) ] = Wey + fleg — (1= A) PR |:C_tﬂc,t+1:| . (36)
t+1

The LHS of equation (36) is the marginal product of labor to informal firm j. The RHS
of equation (36) is the casual wage rate, w., plus the net shadow price of casual labor.
At period ¢, casual labor demand for firm j is L.,(j), among which (1 — A.)L.;—; casual
employees are carried forward from the previous period. At period ¢, the additional
casual labor intake by a firm is L.; — (1 — A.)L.:—1. The flow shadow price of casual

labor for period ¢ is net of the shadow price carried over from the previous period.

The demand for self-employed labor is determined by the FOC with respect to
Ls,t<i):

L..()H\™
#I,t(]) (1- OfI)ZI,tZI,t51 (Lsig;) ] = Wg - (37)

Equation (37) shows that on the margin, the return from self-employed labor (LHS) is
equal to the wage cost (RHS). Since the self-employed labor market does not have a
search and matching friction, the net shadow price term does not appear in equation
(37).

Taking the FOC with respect to V. ;, the vacancy posting decision for casual labor by
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informal intermediate good producing firms is given by equation (38):

Let(7)qr(0r4) = X1Zr214 (38)

The FOC with respect to P;,(¢) is given by equation (39). Analagous to the formal

intermediary, this is the price setting condition for the informal intermediate good firm.

Pri(j) N € 1 ¢ CiPry (Pri)\°
PR At ey el g 7 el
{ [<P17t+1(j) ) <P1,t+1(j))} ( Pr4(5) > ( Pra(5) )]
PE, || =—= 1) | == - 5—= 1) | —=
Pry(7) Pra(j) Pre-1(7) Pri1(j)
(39)
The relative price set by the informal firms (P’%t(j)) is a function of the shadow price

of the informal good (y7,(j)) times its demand elasticity () and the cost associated
with the change in price as monopolistically competitive informal firms face Rotemberg
price adjustment costs.

3.4.2 Wage Determination

The public sector wage (w, ) is determined exogenously by government policy (Ghate
and Mazumder, 2019). Wages of private formal sector jobs (w,,) and casual informal
sector jobs (w..) are determined by Nash bargaining between workers and firms. The
bargaining power of the worker is denoted as ¢,,. The private sector wage, w,,, is

determined from

_ CF,t - 1—pp
Wy = arg maz o) e (40)

where (p; is the utility value of working in the formal sector by the household, (¢
is the shadow price of consumption, and g, is the shadow price of hiring a formal
worker faced by a private formal sector firm.?®> Similarly, the casual informal wage is

determined from "
Wer = arg max (gl—t) ,u}:;@l (41)

We,t C,t
where (;; is the shadow price of working in the informal sector faced by the household,
and ., is the shadow price of hiring a casual informal worker faced by the informal

sector firm.

23See Appendix D for details.
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The standard Nash sharing rules from equation (40) and equation (41) are given by

(1 - o) (—C“) —_— 42)
Co
and
(1 - 901) (CM) = Prlhe,t- 43)
Co

3.5 Government

The government pays the wage of the public sector worker, w,,;, while workers produce

the public sector good, g;. The public sector exogenous wage rule is
Wy = wgzgf’t. (44)
The production function of the public good is
Gt = Zgzpi(@Lgy) (45)
The labor dynamics faced by the government are
Ly =(1—=Xg)Lgi—1+ qr(0ps) Vg, (46)

The government faces the budget constraint

R B
¢Lgrwgr + OXgZg2FeVor + ]t_-) . Biy = 7¢(wptLps + wgiLg:) + Pt- (47)
+ 4

3.6 Monetary Policy

The nominal interest rate, R;, is set by monetary policy, which follows a Taylor Rule

Ry
Ry

where T, is the inflation rate at time period t, p, € [0,1) is the interest-rate smoothing

Pr
Rt = RO( > (1 + Wt)pw(lipr)gt. (48)

parameter, and p, > 1 captures how monetary policy reacts to inflation. R, is the gross
steady state nominal interest rate. g, is the stochastic shock component of monetary
policy, which is independent of the technology shock. In(g;) follows an AR(1) process
given by

In(or) = pmln(oi—1) + €m (49)

where 0 < p,, < 1 is the persistence parameter and ¢,, is white noise.
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3.7 Market Clearing

After incorporating the firms’ per period profit and the government’s budget constraint
into the household’s budget constraint, the economy-wide resource constraint is ob-
tained. The price of the formal sector intermediate good is assumed to be the nu-

meraire.

2
T
Vi=C [1+(1- ¢)% (1 _t7> + 1+ (OXFZFVEL + OXgZg Vo) 2re+(L—@) X1 21214 Vey

(50)
Final goods production is used to consume (adjusted for Rotemberg pricing), invest,

and to pay the fixed costs of posting vacancies, by both formal and informal firms.

3.8 New Keynesian Phillips Curve

In a symmetric equilibrium, all intermediate firms of a specific sector choose the equilib-
rium values of the endogenous variables identically. Thus, we can get rid of firm-specific
indices i € [0,¢)and j € [¢, 1] for the formal and informal sectors, respectively. Using
equations (39), (8), and (10), the NKPC equation of the model is derived as follows.

T Tt 41 Tg41
1 —BE 1
1—7(+1—7> Bt{l—v(Jrl—v)}

1Y, c(l—¢)=1 1 w, e—1
+__(1_7) 1— Y _ r—ar
(e V(L =) T, (1- aI)ZLtZILI,t 1—¢
(51

The NKPC is similar in form to that in Michaillat (2014). The NKPC equates cur-
rent inflation to future expected inflation and a composite term corresponding to out-
put (which includes the terms of trade). However, the key departure from Michaillat
(2014) is the presence of the informal sector. The role of the terms of trade (77, = If—g)
in overall inflation is salient. Therefore, not only does the size of the informal sector
(1 — 7) but also the terms of trade and interaction with the formal sector through the

elasticity channel play an important role in determining inflation.
The model equations are summarized in Appendix E. The model has 29 endogenous

variables and 29 equations. The model is solved and calibrated using Dynare Version
4.5.7 and MATLAB R2024a.
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4 The Quantitative Model

4.1 Calibration

To establish model validation in the baseline model, we follow the calibration strat-
egy in Alberola and Urrutia (2020). We calibrate six parameters of the model using
simulated method of moments {7;,v, v, v, oy, Mo} to match the following six key
moments in the data: the wage premium of the formal sector (w?"*") which is defined
as the ratio of the formal to informal wage using PLFS data; the standard deviation
(S.D.) of core inflation (¢, ); the relative standard deviation of self employment to GVA
(01,/0,); the correlation of salaried employment and GVA (py, ,); the correlation of
casual employment and GVA (p,,,); and the correlation with self-employed and GVA
(p1, ). These moments are reported in Table 3. As can be seen from Table 3, our model

matches the targeted moments from the data exactly.

Sl. No. Targeted Variables Data Model
1 Wage premium of formal sector (w?"¢™) 2.34 2.34
2 Standard Deviation of core inflation (o) 0.30 0.30
3 Relative S.D. of self-employed to GVA <Ul> 0.02 0.02
Oy
4 Correlation with salaried employed and GVA (p;, ,)  0.75 0.75
5 Correlation with casual employment and GVA (p;.,) -0.46 -0.46
6 Correlation with self-employed and GVA (p;, ) 0.14 0.14

Non-Targeted Variables

7 Relative S.D. of casual employment to GVA < Ulc) 0.06 0.0091

8 Relative S.D. of regular employment to GVA (Ulf> 0.06 0.0269

Oy

Table 3: Matching Moments for Targeted and Non-Targeted Variables

In addition, we are able to match two more non-targeted moments, the relative
standard deviation of casual employment to GVA, and the relative standard deviation
of regular employment to GVA, reasonably well. These outcomes provide a strong

ground to make inferences using our model in subsequent sections.

The full list of remaining parameters is in Table 4, divided into five blocks. In the
first block, the discount rate, 3 is set to 0.9932 which is standard in the real business
cycle (RBC) literature for monthly representation. The rate of capital depreciation is
taken from Banerjee and Basu (2019) and assumes a monthly rate of 0.83 per cent

(annual 10 % / 12 months). The size of the formal sector, ¢, is estimated from the
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PLFS dataset for 2017-2018 and 2018-2019, and takes on the value of ¢ = 0.35.2* The
value of the common elasticity of substitution between formal varieties and informal
varieties, ¢ is taken to be 11 following Michaillat (2014). The parameter A > 0, a
technology constant, in equation (2), is assumed to take on the value 100.99. The four
technological parameters, Zp, Z,, Z; and w, are assumed to take on the arbitrary values
of 2.1, 0.5, 0.2013 and 0.8, respectively.?> These values help us pin-down the steady

state values of the other deep parameters.

In the second block, the parameters correspond to the labor market block of the
model. The wage income tax, 7, proxies for the share of direct (labor) income taxes
as a percentage of GDP, which is approximately 2.5 per cent as of 2022. Both the job
loss rate of the formal private sector and the public sector are obtained from Das et
al. (2023).2° As can be seen, the rate of job loss in the private sector is greater than
the job loss rate in the public sector. The matching elasticity of the formal sector 7z is
taken from Alberola and Urrutia (2020) and set to 0.4, while the value of the matching
efficiency Mpy is taken to be 1 following Alberola and Urrutia (2020). We borrow the
value of yr = 0.71 and x, = 0.21 from Alberola and Urrutia (2020) and Michaillat
(2014) to proxy for the cost of posting vacancies in the private and public formal sec-
tors. The labor income share of private formal income, ar = 0.64, is estimated from the
national accounts data, where the labor income share is estimated as a ratio of com-
pensation of employees to GVA of private corporations. The job loss rate of the casual
sector is estimated from the PLFS 2017-2018, 2018-2019, to be 0.05.2” We borrow the
Rotemberg price adjustment parameter from Saxegaard et al. (2010) and assume it to
be 118.0. The cost of posting a vacancy for casual labor, Y, is borrowed from Michaillat
(2014), and estimated to be 0.21.

The casual labor income share, «; is estimated from the CPHS data published from
CMIE in the following way: first, the aggregate quarterly earnings of all workers iden-
tified as "casual worker" in the dataset is averaged over quarters; next, the average

aggregate quarterly earnings of all workers in the informal sector is similarly calcu-

24Since the PLFS provides information which is consistent with the official definition of the informal
sector, it is possible to obtain the percentage of the workforce which works in the informal sector. Here,
the average informal sector employment proportion for the pre-COVID period for the urban area is
estimated using a quarterly representation of the data.

25The technology pass through from formal to informal sector is incomplete, and it is assumed that
only 80 per cent of formal technological change translates to the informal sector, contemporaneously.

26Exploiting the rolling panel data of PLFS, Das et al. (2023) obtains the transition probability of being
unemployed from salaried employment in urban India. Here, we consider the pre-COVID average of the
transition probabilities.

27Using the rolling panel data of PLFS, we calculate the transition probability of being unemployed
from casual employment for urban India. We consider the pre-COVID average of transition probabilities.
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lated; and lastly, «; is obtained as the ratio of the two. It is assumed that since the
informal sector utilises very little or no capital, all the factor income in the sector is
distributed as labor earnings, thereby making aggregate labor income of the informal

sector as a measure of the sector’s GVA. The value obtained for «; is 0.19.

In the third block, the parameters correspond to the Taylor Rule in equation (48),

which are borrowed from the recent macro literature on India.

The fourth block reports the persistence parameters that govern the exogenous
stochastic processes in the model. The formal-sector productivity persistence, pr, is
in line with the values estimated by Saxegaard et al. (2010), whereas the informal-
sector counterpart, p;, is approximately close to the point estimate in Horvath (2018).
The monetary-policy shock persistence, p,,, is set to 0.6603, a value that lies within the
range estimated by Castillo et al. (2010) and is broadly consistent with the estimate
reported by Smets and Wouters (2007).%8

The remaining parameters from the first four blocks are borrowed from the DSGE
literature on India and EMDESs. The technological constants (serial no. 6,7, and 8) and
the public sector wage (serial no. 16) are specified arbitrarily, as these are not available

or estimated in the literature.

The results of the calibrated parameters are summarized in the fifth block of Table

4, drawing from Table 3.

28The value 0.6603 is chosen to evaluate impulse-response functions at a monthly frequency while
remaining within the empirical range documented by Castillo et al. (2010). Smets and Wouters (2007)
report a similar degree of monetary-policy shock persistence.
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Sl. No. Parameters Descriptions Values Sources
Block 1 General Parameters
1 B Time discount rate 0.9932 Standard
2 0 Rate of capital depreciation 0.0083 Banerjee and Basu (2019)
3 ¢ Size of formal sector 0.35 Estimated from PLFS for urban area (2017-18, 2018-19)
4 € Intermediate-good elasticity 11 Michaillat (2014)
5 A Scaling parameter for the
production function of final good 100.99 Arbitrary
6 Zr Technology parameter
for the private sector 2.1 Arbitrary
7 Zg Technology parameter
for the public sector 0.5 Arbitrary
8 Zr Technology parameter
for the informal sector 0.2013 Arbitrary
9 w Formal to informal technology
pass-through elasticity 0.8 Arbitrary
Block 2 Labour Market Parameters
10 T Wage income tax 0.025 Income tax rate in India
11 Ap Job-loss rate of private sector 0.03 Das et al. (2023)
12 Ag Job-loss rate of public sector 0.01 Estimated from PLFS
13 nF Matching elasticity parameter of formal sector 0.4 Alberola and Urrutia (2020)
14 Mpo Matching efficiency of formal sector 1 Alberola and Urrutia (2020)
15 XF Cost of posting vacancy in private sector 0.71 Alberola and Urrutia (2020)
16 Xg Cost of posting vacancy in public sector 0.21 Michaillat (2014)
17 Wg Public sector wage parameter 0.5 Arbitrary
18 ap Labour income share in private formal sector 0.64 Estimated from NAS
19 Ae Job-loss rate of casual labour 0.05 Estimated from PLFS, (2017-18, 2018-19)
20 Ur Rotemberg price adjustment parameter 118.0  Saxegaard et al. (2010)
21 X1 Cost of posting vacancy for casual labour 0.21 Michaillat (2014)
22 o Casual labour income share in informal sector 0.19 Estimated from CPHS, CMIE
Block 3 Monetary Policy Parameters
23 Ry Taylor rule parameter 1 From Steady State Derivation
24 P Taylor rule inflation parameter 1.47 Ghate et al. (2018)
25 Pr Taylor rule interest rate parameter 0.7624 Bhadury et al. (2022)
Block 4 Stochastic Process Parameters
26 PP Formal productivity persistence parameter 0.8479 Saxegaard et al. (2010)
27 pr Informal productivity persistence parameter 0.9394 Horvath (2018)
28 Pm Monetary policy persistence parameter 0.6603 Castillo et al. (2010)
Block 5 Calibrated Parameters from Matching Moments
29 nr Matching elasticity of casual labour 0.2501 Calibrated
30 v Elasticity of formal sector in final good 0.1198 Calibrated
31 ay Labour elasticity of public sector good production =~ 0.6670 Calibrated
32 vr Bargaining power of casual worker in informal sector 0.9936 Calibrated
33 173 Bargaining power of worker in private sector 0.9664 Calibrated
34 My Matching efficiency of casual labour 2.6533 Calibrated

Table 4: List of Parameters
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5 The Impact of Monetary Policy Shocks

As mentioned in Section 2.2, we estimate the shock in monetary policy using monthly
data. Hence, we interpret the time frequency of the IRFs as monthly. We outline the
mechanism of adjustment back to the steady state after a monetary policy shock. To
understand the monetary policy mechanism and inflation outcomes via heterogeneous
labor markets, we consider the impact of a one standard deviation contractionary mon-
etary policy shock on the economy in a variety of environments, which may be relevant
to EMDEs generally, and India specifically (varying degrees of formality, presence of
public sector in the labor market). We first highlight the general equilibrium mecha-
nism behind how monetary policy transmission occurs in the baseline model. These

impulse response functions are given in Figures 6a, 6b and 6c.

By the Taylor rule in equation (48), a contractionary shock leads to an increase in
the real interest rate, R;. From the Euler equation (22), this leads to a decline in con-
sumption on impact as can be seen in the impulse response functions in Figure 6a. The

decrease in O}

consumption, given goods market clearing, means output, Y}, falls from equation (50).
This is seen in the impulse response functions in Figure 6a as well. A rise in the real
interest rate implies that the marginal product of capital rises because of no-arbitrage.
A decline in output disinflates the economy with inflation falling on impact. There is a

decline in the terms of trade, after an initial increase on impact.

Since formal firms face a higher rental rate of capital, a higher r;,; leads to higher
borrowing costs, and a fall in desired investment and the capital stock firms (Figure
6b). In the formal labor market, the private sector formal wage is given by equation
(the

private sector wage) and 6 (formal labor market tightness) fall. This is because the

future value of an outside option falls when the stochastic discount factor reduces.?’ In
the Nash wage bargaining framework (equation A11), the equilibrium private formal
wage falls when the value of the outside option shrinks. For the formal firm, the value
of a future vacancy falls as the stochastic discount factor falls (equation A12). This

discourages the formal firm from posting additional vacancies. Hence, 6. falls.

29The utility value from being unemployed is the return from the outside option in Nash wage bar-
gaining. The outside option for the formal sector in the Nash bargaining framework presented here is

encapsulated within EF £ because in the household budget constraint, the unemployed mass of time pe-

riod ¢t is replaced by (1 — (1 —A,)Lp+—1 — (1 —Ay)Ly+—1). Thus, in the dynamic optimisation exercise,
EF £ which is the return from labor supply in the formal sector, includes the utility return of the house-
hold when the worker may become unemployed in the subsequent period. The same intuition holds true

from the wage determination of the casual workers in the informal sector as well.
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Lower capital and lower employment lead to formal sector output, Yy, to fall as
in equation (A16) and as seen in Figure 6b. A lower level of employment in the for-
mal sector, L,,, implies that formal unemployment, uz,, rises (Figure 6¢). Following a
monetary policy tightening, the informal counter-part of the economy also experiences
a contraction in output, employment, and wages (Figures 6b and 6¢). However, since
the labor market of self-employed workers is competitive, the speed of adjustment in
the informal sector is faster than in the formal sector. A reduction in aggregate de-
mand reduces the demand for informal output. That leads to a fall in self-employment.
The labor market tightness for the casual workers reduces due to a reduction in the
stochastic discount factor after the monetary policy shock. As a result, casual employ-
ment falls. A fall in employment demand leads to a reduction in earnings of casual and
self-employment. However, given the parameters of the model, the IRFs suggest fluctu-
ations in self-employment and casual employment wages are high, although consistent
with the data.®°

To summarize: A contractionary monetary policy shock leads to a decline in aggre-
gate consumption, a decline in inflation after an initial increase, a decline in output, a
decline in investment, a decline in the capital stock, and a decline in private formal em-
ployment. Unemployment rises in both formal and informal labor markets, while both
casual and self-employment fall. The model generated impulse response functions are
broadly consistent with the impulse response functions in Figure 5, where a monetary
policy shock leads to lower inflation and lower output, via lower employment in the
informal labor market (with both self and casual employment declining) and lower

tightness in the formal labor market.

30This is consistent with the data on the earnings cycle (using an HP filter) of self-employment. Ex-
tracted from quarterly PLFS micro-data from September 2017 to December 2024, this exhibited higher
volatility compared to the salaried earnings cycle. To wit, the self-employment earnings cycle witnessed
a standard deviation of 124.9; it was 72.8 for the rest of the workers’ earnings cycle.
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Figure 6: Impulse Response of a Monetary Policy Shock

6 Some Experiments

Many EMDEs are characterized by structural features such as varying degrees of for-
mality/informality, routine revisions in the public sector wage, and varying degrees (or
linkages) of informal product market participation in the production process. We study
the impact of a contractionary monetary policy shock on inflation outcomes in three
such environments. We compare the impact with the baseline for changes in formality,
¢, a change in the public sector, w,, and a change in the formal input elasticity with
respect to output, . The first experiment proxies for higher formality in the economy.
The second experiment assesses the general equilibrium effects of periodic revisions in
public sector wages enacted by many developing countries, including India. The third

experiment is also a proxy for more formality in the economy.

6.1 Increase in the size of the formal sector

The impact of a contractionary monetary policy with higher ¢ is given in Figures 7a, 7b,
and 7c. The solid line corresponds to the baseline, while the dashed line corresponds
to the model with the changed value of ¢. We assume that the size of the formal sector

(proxied by ¢) increases by 1.5 per cent from its baseline level specified in Table 4.3!

31The change in the size of the formal sector is a slow-moving variable in a country like India. That
is why for comparative analysis we consider a small increase in formality as a plausible example. The
following stylised facts may provide some context. Between 2004-05 and 2009-10 the reduction in
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Relative to baseline, inflation witnesses a small additional reduction of 10 basis point
on impact, given the small increase in the size of the formal sector (from the NKPC in

equation 51). Monetary policy, therefore, transmits better and is more impactful.

The contractions in consumption and aggregate output due to monetary policy tight-
ening moderate given an increase in formality. This is because the rise in R, with
a higher ¢ is less.>> Formal sector employment experiences a lesser fall in employ-
ment compared to the baseline in response to a contractionary monetary policy shock.
However, there are differentiated sectoral effects compared to the baseline in terms of
employment. On impact, the reduction in casual employment in reaction to monetary
policy tightening is larger compared to the baseline. The opposite is the case for self-
employment. On impact, the drop in self-employment is less compared to the baseline

case.

The fall in formal labor market tightness and casual labor market tightness due to
monetary tightening moderate under higher ¢. Reflecting that to private-formal and
casual workers’ wages, the effect of monetary policy tightening is less contractionary
compared to the baseline case. The reduction in the self-employed wage is greater
compared to the casual wage under monetary policy contraction (Figure 6c, casual to
self-employed wage ratio). This gap widens further when the size of the formal sector

employment increases (Figure 7c, casual to self-employed wage ratio).

Interestingly, while an increase in ¢ (size of formal sector) makes the output and
employment reduction effect of a contractionary monetary shock more benign, inflation
reduces by more compared to the baseline. Why? The model NKPC (Equation 51)
includes four endogenous variables {Y/C,TT,ws, L;}. A lesser increase in the real
interest rate causes a lesser reduction in Y/C. As the demand for output falls by less,
w,L; also falls less. The relative price of the informal sector good vis-a-vis the formal
sector, 7T}, increases by less on impact. All these endogenous variables point towards a

lesser fall (compared to baseline) in inflation from the NKPC (equation 51). However,

the proportion of informal sector workers was 6.4% (Source: PLFS annual report 2017-18). Broadly,
we understand that period as the period of significant structural changes in Indian economy. That is,
India witnessed 1.25% per year change in formality when India was undergoing structural changes. So,
our example of 1.5% increase in formality is not out of context. Although the recent history of this
dynamics is mixed. According to the NSS report of the 2011-12 round, the informal sector used to
accommodate 72.4% of the non-agricultural workforce in India. The PLFS report of 2023-24 stated that
this became 73.2%. It reduced during the pre-COVID period and reached 68% in 2018-19 according
to the PLFS report. However, during COVID and related lockdown, the proportion of informal sector
workers increased.

32This happens from the Fisher equation, i; = R; — F;m;,1, and the fast adjustment back to steady
state in period 1.
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¢ has a direct effect on inflation via the NKPC (equation 51). Since overall inflation
reduces more for an increase in ¢, the direct dis-inflationary effect of ¢ in the NKPC
dominates over the effect from other endogenous variables above. As a result, inflation

falls further compared to the baseline.
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Figure 7: Monetary Policy Shock with Higher ¢

6.2 Increase in the public sector wage

Emerging market and developing economy formal labor markets have a high public
sector presence (Ghate and Mazumder, 2019). We now examine how a contractionary
monetary policy shock interacts with an increase in the public sector wage by 23 per
cent, the most recent public sector pay increases instituted in 2015 in India, as part of

the Seventh Pay Commission (Figures 8a-8c).>?

The exercise reveals an interesting takeaway. The key endogenous variables do not
react to a monetary policy shock in the same manner under the high-paying public sec-
tor regime compared to the baseline. The equivalence between the return from private
and public sector labor market returns in utility terms (Equation A10) induces this dif-
ferential impact. A contractionary monetary policy shock creates a downward pull in
formal private sector wages via a reduced stochastic discount factor. The higher public
sector wage, which works as an outside option for formal private sector additively, cush-
ions that fall. Given the positive relation between market tightness and wages under
the Nash bargaining rule (Equations A6 and A7), a fall in formal labor market tight-
ness due to a monetary contraction also moderates under high w,. As market tightness
falls moderately, formal sector employment contraction after a monetary policy shock
remains muted.

33See chapter 16 of Report on 7th CPC.
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6.3 Increase in the formal good elasticity of output

Finally, to proxy for an increase in formality in production, in our model, a one per cent
increase in the use of the formal good as an input translates to a  percentage increase
in final output - the formal good elasticity with respect to output. The parameter ~ is
estimated in Table 4 of Section 4 to match the target variables from the data. Figures

9a, 9b, and 9c show the effect of contractionary monetary policy shock on the economy
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Figure 8: Monetary Policy Shock with Higher Public Sector Wage

As in the case of a higher ¢, a higher value of v does not have much of an impact
by the monetary policy shock on final good and consumption. The impact of a con-
tractionary monetary policy shock is, however, seen more at the sectoral level. In the
informal sector, a higher ¥ moderates the fall in market tightness (equation 39) and that
results in a moderated fall in the wage of casual and self-employed workers (equations
A22 and A23). A higher v makes a monetary policy shock more contractionary for pri-
vate formal employment, wages, and the capital stock. However, differentiated relative
wage changes in the informal sector impact the demand for casual workers in a way
where casual employment decreases to a lesser extent and self-employment falls to a
greater extent compared to the baseline. Unlike a higher ¢, a contractionary monetary
policy shock reduces the impact of monetary policy on inflation relative to the baseline.
That leads to a further increase in the real interest rate. As a result, the stochastic dis-
count factor falls more than the baseline level. That leads to an additional reduction
in the formal sector wage and market tightness. Thus, we see a further reduction in

formal employment compared to the baseline.
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Figure 9: Monetary Policy Shock with Higher ~

7 Conclusion

A central concern of macro-stabilisation policy is to devise fiscal and monetary poli-
cies that influence the prospects for growth and mitigate the distress due to business
cycle fluctuations. A proper evaluation of the benefits of stabilisation policy, however,
requires knowledge of the determinants of growth and business cycles, and how mone-
tary transmission occurs through labor markets. EMDE labor markets are characterized
by a lot of heterogeneity, and in the Indian case, the generation of stylized facts has
been made possible with the India-KLEMS data. Our study provides new insights into
the transmission of monetary policy in emerging markets and developing economies

with heterogeneous labor markets.

We make several contributions. First, we identify a set of stylised facts on how
different types of employment (formal, informal) vary across the Indian business cycle
using the annual data based on employment and unemployment survey rounds by NSS,
PLFS, and the India KLEMS dataset from 1980-81 to 2019-20. We find that while reg-
ular employment is pro-cyclical, casual employment is counter-cyclical historically. To
the best of our knowledge, this is the first rigorous analysis using annual employment
data (constructed using information from NSS, PLFS, and India KLEMS datasets) to
identify a set of stylised facts of India’s labor market indicators. We also augment our

empirical analysis with high-frequency monthly data from the CPHS dataset to gener-
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ate IRFs using local projections that quantify the impact of monetary policy shocks on

inflation, the unemployment rate, and output.

Building on some of the features in Michaillat (2014) and Alberola and Urrutia
(2020), we construct a medium-scale NK-DSGE model with dual labor markets and
search and matching frictions to replicate the IRFs. We assume that the labor market
is segmented between formal and informal laborers. While our model is calibrated to
India, our NK-DSGE setup is general enough to study monetary policy transmission in
countries where there are large informal labor markets. We show that the model IRFs
match the empirically generated IRFs reasonably well, suggesting that our model is a
useful laboratory to think about monetary policy shocks and their inflationary conse-

quences via heterogeneous labor markets.

We find that a contractionary monetary policy shock impacts both inflation and out-
put negatively, as in the data. We find that a contractionary monetary policy shock
leads to both a decline in formal and informal employment, and therefore total em-
ployment, and leads to lower market tightness in both the formal and informal sectors.
This finding is directionally supported by the IRF for employment and formal market
tightness using local projections. In the calibrated model, monetary policy impacts un-
employment in both informal and formal labor markets negatively. In a counter-factual
experiment, when we exogenously raise the proportion of formal firms contributing to
final good production (1.5 per cent relative to baseline), we find that a contractionary
monetary policy shock leads to a small additional reduction in inflation relative to base-
line on impact, suggesting that monetary policy is more effective when there is more

formality in the economy.

Our study uncovers new insights governing the transmission of monetary policy via

labor markets in a large emerging market economy like India.
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A Appendix

Gross Domestic Product: This study uses annual GDP data at constant prices for the
total economy. The data is obtained from various rounds of NAS, which are then spliced
to convert the series to 2011-12 base prices. For tracking economic output (GDP) for
the total economy on a monthly basis, a coincident economic indicator (CEII-9) repre-

senting all major sectors of the economy is used in the study.>*

Gross Value Added: This study also uses annual GVA data for the total economy
and the modern sector. The National Accounts Statistics (NAS) published by NSO is
the basic source of data for the annual GVA series. The total economy GVA includes
value added for all sectors of the economy, namely agriculture, mining, manufactur-
ing, construction, and services. The modern sector GVA data corresponds to the gross
value added of manufacturing and the service sector. The constant GVA series with base

2011-12 is used in the analysis.

Employment Data: We use PLFS and NSS Employment Unemployment survey
rounds. For the annual employment series, the study uses data from the Employment
Unemployment Survey rounds of the NSS 38th round (1983) to the 68th round (2011-
12)) and the Periodic labor Force Survey rounds (2017-18, 2018-19, 2019-20). The
annual series of employment is constructed for the period 1980-81 to 2019-20 using
the following steps:

Step 1: Worker participation rates (WPR) based on usual principal and subsidiary
status are obtained from seven benchmark NSS rounds- 38th (1983-84), 43rd (1987-
88), 50th (1993-94), 55th (1999-2000), 61st (2007-08), 66th (2009-10), and 68th
(2011-12) rounds and three PLFS rounds (2017-18, 2018-19, 2019-20).

Step 2: The WPRs are applied to the census population to derive the total number
of persons employed for benchmark years. The data for the non-benchmark years are

interpolated to create the time series of employment for 1980-81 to 2019-20.

Step 3: The total number of persons employed is further distributed to formal and

34CEII 9 provides an estimate of monthly GDP growth and is based on 9 high-frequency indicators. The
high-frequency indicators incorporate domestic economic activity, trade, and services indicators. These
indicators display high correlation with GDP and track GDP turning points well. The high-frequency
indicators used to construct the monthly coincident economic indicator include IIP core, IIP consumer
goods, auto sales, exports, non-oil and non-goods imports, foreign tourist arrivals, rail freight, air cargo,
and government revenue receipts. The method for constructing CEII-9 is adopted from Bhadury et al.
(2021), and the high-frequency indicators are obtained from the CEIC database.
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informal workers. Formal workers include regular salaried workers, and informal work-
ers include casual and self-employed workers. Following PLFS classifications, regular
workers are defined as workers who are working in other farm or non-farm enterprises
as regular wage employees and correspond to PLFS activity status code 31. Casual
workers are defined as workers who are engaged as casual wage laborer in public work
and in other types of work and get a wage payment according to terms of daily or pe-
riodic work contracts (activity status code 41 and 51). The self-employed workers are
defined as workers who are engaged in household enterprise as own account workers,

employers, and helpers (activity status code 11,12, and 21).

CMIE and Naukri Job Index database For quarterly and monthly employment
series, data is obtained from the Consumer Pyramid Household Survey ( CPHS) of the
CMIE database. Additional information on employment is also collected from Naukri
JobSpeak Index.

The data sources of CMIE data and Naukri JobSpeak Index are given as follows:

The CMIE employment series captures the estimated value of the total number of
workers employed under various categories of employment, such as salaried employ-
ees, small traders, wage laborers, farmers, and business. The frequency of the data
used in the study is March 2016 to December 2022 (Quarterly) and January 2016 to
February 2023 (Monthly).

The Naukri JobSpeak, published by Info Edge (India) Ltd., is a monthly Index repre-
senting the state of the Indian job market and hiring activity based on new job listings
and job-related searches by recruiters on the resume database on Naukri.com. The
JobSpeak Index captures hiring activity across multiple dimensions, including indus-
tries, cities, functional areas, and experience bands. The index is a reliable indicator
of white-collar hiring in India. It is aggregated based on the hiring activity of over
100,000 clients with over 70 Lakh new job mandates yearly. The report does not cover
gig employment, hyperlocal hiring, or campus placement. The frequency of the data
used is from July 2008 to December 2022.

Price Indicator: As an indicator of price, the Consumer Price Index (CPI) data
for 2012-2019 is obtained from the Ministry of Statistics and Program Implementation
(MoSPI), Government of India. We use CPI core as a measure of price which is obtained

by taking out the food and fuel component from the CPI basket .

Monetary policy Indicator : The policy Repo rate is used as the primary monetary

A-2



policy indicator and the data is obtained from the Reserve Bank of India (RBI). To con-
struct monetary policy surprises, we take the one-day change in one month overnight
indexed swap (OIS) rates on the day of the policy announcement from the day before.
The OIS tracks the daily Mumbai Interbank Overnight Rate (MIBOR) which is the rate
at which banks borrow from each other at the overnight loan market. The data for the

OIS is obtained from Bloomberg.
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B Appendix

When we add construction GVA to modern sector GVA, we find that regular employ-
ment continues to be pro-cyclical (covariance = 0.01). Self-employment continues to
be a-cyclical with respect to the real GVA cycle.>> However, with the inclusion of con-
struction, casual employment is now pro-cyclical (covariance = 0.01). The construction
sector has emerged as the largest non-farm employment generator rising from 6.6 per
cent of total employment in 1980-81 to 20.5 per cent of total employment in 2019-20.
Further, casual workers, on average, account for 76 per cent of employment in con-
struction. When there is an upturn in the business cycle, which typically leads to a
boom in the construction sector, this leads to a greater demand for construction work-
ers. As construction workers dominate the total pool of casual workers, this leads to
the pro-cyclicality of casual employment and GVA. Table A1 summarises these results.

Figure Al plots the modern sector and construction GVA cycles against employment
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Figure Al: Modern Sector and Construction GVA; and Employment Dynamics: 1980 -

2020
Sources: India KLEMS, NSS, PLFS dataset; and Authors’ calculations.

35Self-employment in the modern sector with construction averages 44 per cent between 1980-2019,
and 36 per cent during 2017-2019.

361n this study, we focus on modern sector GVA with construction because it is a more complete repre-
sentation of the Indian economy.
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Oy O pzcva | Cov(x, GVA)
OGvA

| Real GVA [ 0.40 |1 |1 | 0.16
Regular 0.03 |0.08 0.8 |0.01
Employment

Casual 0.02 | 0.073 0.91 |0.01
employment

Self 0.008 | 0.020 0.17* | 0.000
employment

* indicates insignificance

Table Al: Modern Sector GVA with Construction and Employment Cycles

Sources: India KLEMS, NSS, PLFS dataset; and Authors’ calculations.
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C Appendix

As can be seen in Table A2, regular employment is significantly correlated with real
GDP, and casual employment is significantly counter-cyclical. Self-employment is sta-
tistically a-cyclical with respect to GDP. All three types of employment are less volatile
than output.

o Oa pzcpp | Cov(x, GDP)
OGDP

| Real GDP | 0.15 | 1 |1 | 0.02 |
Regular 0.03 1020 |0.77 |0.003
Employment

Casual 0.02|0.12 |-0.78 |-0.002
Employment

Self 0.01 | 0.08 | -0.22 | 0.004
Employment

Table A2: Total GDP and Cyclical Employment: 1980-81 to 2019-20

Sources: India KLEMS, NSS, PLFS dataset, and Authors’ calculations.

Figure A2 plots the cyclical component of regular, casual, and self-employment with
respect to output (measured using RGDP). During business cycle upturns, the demand
for regular workers increases, whereas casual workers decline and self-employment re-
mains acyclical. Similarly, during a business cycle downturn, the employment of casual
workers increases, and regular employment decreases as firms switch their demand for
workers from regular to casual employment. This pattern is consistent when output is

measured in terms of GVA.
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(a) (b)

(@

Figure A2: Total GDP and Employment Dynamics: 1980-2020
Sources: NAS, India KLEMS, NSS, PLES dataset; and Authors’ calculations.
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D Appendix

D.1 Household Optimisation

Households maximise inter-temporal utility (18) subject to equations (19), (20), (16)
and (17) with respect to {Cy, b, K41, Lyy, Ly, Ley, L. 1, is replaced using equa-
tion (20) into equation (19). For the household budget constraint equation (19), the
relevant Lagrange multiplier is (-;. The Lagrange multipliers for labor dynamics con-
straints, that is, equation (16) and equation (17), are (r; and (;,, respectively.

The relevant Lagrange function is,

Lo =E Z B [InCy + xin gy + (o [@(1 — 7) (Wp e Lpy 4wy Lg ) +

t=0

(1 - Qb) (wc,th,t + ws,th,t>

by B
+Rt71t?1 + 1K+ Ollps + (1 — @) — Cp — (K — (1 = 0) Ky) — Ft + (A1)
t t

CF,t [(1 - )‘p)Lp,t—l + (1 - /\g)Lg,t—1+
(1= (1= Ap)Lpg1— (1 = Ag)Lge-1) fr(Ore) — Lyt — Lol o+
CI,t [(1 - )\C)Lc,tfl + (1 - (1 - )\C)Lc,tfl - Ls,t)f[(el,t) - Lc,t] (1 - ¢>]

The first order conditions are given by:
For {Ct}: CC,t = Clt'

For {b,} using the FOC for {C;}: R, = %Et [Cg—tl PtTtl} . (Euler equation)

For {Ky1}t B [ S22 (r + 1 - 5)] —1

For {L,:}: Cri = (1 — T)wpiCor + BE (1 — Np)Crir1 (1 — fr(Opi))]
For {Ly,}: Cre = (1 — T)wgCeyp + BE (1 = Ag)Crus1 (1 — fr(Opi41))]
For {Ley}: Cre = werCor + BE [(1 = A)Craa1 (1 = f1(01,641))]

For {Ly}: Cre = 3550 Cen



D.2 Intermediate Goods

The intermediate goods sector is monopolistically competitive. Therefore, these firms
have price-setting power. However, firms are subject to quadratic Rotemberg price
adjustment costs (¢;/). Additionally, firms face vacancy posting costs (x; z;z;) for
hiring a worker from a frictional labor market. After posting vacancies, firms obey the

labor dynamics. The labor dynamics that the formal sector firms face is given by

Lpi(i) = (1 = Ap) Lpi—1(8) + qr(0re) Ve (3).- (A2)

The informal sector firms face the following labor dynamics to hire a casual worker:

Lc,t(j) = (1 - AC)LC,tfl(j) + QI(QI,t)‘/c,t(j)' (A3)

The formal firm ¢ maximises Ay, (i) with respect to { Pg(7), L, (%), K;(7), V() } sub-
ject to equations (3), (6) and (A2). One can equate equations (3) and (6) by Yz,. So,
the firm optimises subject to two constraints: demand equals supply and labor dynam-
ics. The Lagrange multiplier is denoted as pp, (i) and p, (i) for the demand-equals-

supply constraint and for labor dynamics, respectively.

The Lagrange equation for the formal sector is

= Eo Zﬁ [Are (D) + pepe(i) [Zp2pa Ko (1) 5 Lpa (1) — V(i) (AD)

() (1= Ap) Lp i1 (0) + qp (0r) Vo (i) = Lyt (3)]] -

Yr. (i) can be replaced using equation (6). The informal firm j maximises A;,(j) with
respect to { Py 4(j), Le+(7), Ls+(5), Vet (j)} subject to equations (4) and (7). The Lagrange
multipliers for demand-equals-supply and labor dynamics are denoted as y;; and .4,

respectively.

The Lagrange equation for the informal sector is

=L, AIt 14(9) |ZrzreLes(3)7 Ls,(J oy ,(5
Zﬁ )+ 1,0(5) (21214 Les (57 Lt (5) ()] )
et () (1 - )‘JD)Lc,t—l(j) + QI(QI,t>‘/c,t(j) - Lc,t(i)” .

Y7:+(j) can be replaced using equation (7).
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D.2.1 FOCs from the formal firms’ optimisation

. l—ap
. . _ K (i t
{LF,t(Z)}: MF,t(Z) {O‘FZFZF,t (LFJ((?;)> ] = Wyt + Hpt — B(1 - )‘p)Et [cilﬂmﬂ}

LR pra() [(1 = ap)ze (B8) ™ ] = 2=

Vo (D)} ppi(0)qr(Ops) = XpZrzm:

{Pry(i)}:
PFJ(Z') _ (Z) € n l 77DF gPF,t PF,t(i) €
p MY T 1y, B\ Pry

) G- () )
' Pry(i) Pry(i) Pry1(7) Pry1(i)) ]

As the price of formal sector intermediate goods is set as numeraire, the FOC for

{Pp.(i)} is used to determine the terms of trade between formal and informal inter-

mediate goods.

D.2.2 FOCs from the informal firms’ optimisation

. l1—ay
{Lc,t(j)}: HI,t(j) {OéFZIZI,t <—22283) ] = Wet + et — (1 - )\c)/BEt [%Hc,t—i—l}
. . _ c.t 1 ar Wsg
(Lot )Y () [(1 = an)zy (LetB)™] = e

{IVer(G) s pei(5)ar(0rs) = XrZrzis

{Pra(i)}
Prj) € 1 Yr CiPry (Pri(h)\°
P, _’ul’t(])e—l * l—ye—1Y; P, (Tt>
e (B ) (%)) - (s ) ()]
D.3 Wages

The formal private sector firms and workers negotiate wages using the Nash bargaining
rule. The rule is described in equation (40). Using equation (40) and the FOCs for

{LF:} in the household optimisation and in the formal firms’ optimisation, equation

A-10



(40) can be reworked as follows

(1= Pwpy = @p(1 — 7)) [O‘FZFZF’t (5’?553))16!1

+ (1= A)(1 — pr)BE, [C“t“ St waF,m)} |
Cor Coti

(A6)

Similarly, the wage of the casual worker is determined using equation (41) and the FOC

for {L..} in the household’s and in informal firms’ optimisation problem. That is,

OZIZ14 (L&t(j) o
’ Lc,t<.j>

(1= A (1 — 1) BEs [CW Cret fl(eI,Hl)] |
CC,t CC,t—H

We,t = (Plﬂl,t(j)

(A7)
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E Appendix

The model block has 29 equations and 29 variables. The complete set of equations that

we have used in our calibration are as follows:

1. Euler equation for bonds

1 Cy 1 }
) ) (A8)
R, PR |:Ct+1 I+ m

Variables: Rt, Cu Tt
2. Consumption Euler equation

C
1:/8Et|:0t

t+1

(1-6+ rm)] (A9)

Variables: r,, C;

3. Private and public formal job equivalence

o C, o 1—A
Wt = wezpy + (1= Ag) PE, — (me - ngF%Hu)
’ Ct+1 ’ 1— )\g
(1= Mpobp,") ] (A10)
Variables: w,,;, C}, 0,
4. Formal sector private job wage determination
ap (1 =) (1= Ay)
= k 1-—
Wyt PP Tekry + (1 —r) N,
C 1-A a _
GE: — Wp,t+1 — —pngth-l-l MFOe}?tiq (A11)
C't+1 1- )\g ’ ’

5. labor demand equation (formal sector private firms’)

Cy  XrZr  ZFi1
—NF
Crr1 Mpobpity 2re

Wyt  Tikpy  op XFZF
== : — + (1 —=X,)BE
2y ZFy 1—oarp MFOGE,ZF ( p)ﬁ t

(Al12)

Variables: w,,,, 7, kpy. Cr. Opy

A-12



. Public sector labor demand equation

1
Ly = ( . )0‘9 -1 (A13)

ZgZF Qg

Variable: L,

. Dynamic labor supply constraint in the formal sector

Lyt 4 Lgy = (1 =M\ Lpy1+(1 = A Lgy 1 + MFOQ;;”F
(1= (1= X)Lps1 — (1= ALy 1] (A14)

Variables: L, ;. L, 0p;
. Per capita capital to total capital demand
Kt — Lp,tkf,t (A]_S)

Val’iablest LpJ,./ ]ﬁ?/}[, [(&
. Production function for formal sector
Yp, = EFZF,tLngKtl_aF (Al6)

Variables: Y. L, ;. I,
. Vacancy posting for private job in the formal sector

Lp,t _ (1 _ /\P>LP¢*1

V., = Al7
Vi (A17)
Variables: V,,;, L, ;, 0p,
. Vacancy posting for public job in the formal sector
Ly — (1 =X)Ly
V;yt — g;t ( 79) g,t—1 (A18)
’ MFOQF,ZF
Variables: V, ;. L,,.0r,
. Total formal vacancy
Vie = Vo + Vs (A19)

Variables: Vi, V, ., V.
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13.

14.

15.

16.

17.

18.

19.

Terms of trade equation (from formal sector)

1

7 —wl—ws&) 7

T, — (1 —ar)zrizrk; " e—1
Tt €

Variables: 77}, k. 2y
Informal sector, casual and self-employed job equivalence

o ws,t
- 1-n1

C} Ws 41

1-ns
Cii1 MIOQI,HI

— (1= \)PE;

wc,t

(1- Mloe};ﬂ)]

Variables: w. ;. ws,. ¢, 07,
Casual wage determination

Ci
Cit1

ar

Wer = 917 wse Ly + (1 — ) (1 — o) PE; { ws,t+1:|

Variables: w.;, wy, Cy, Ly,

Casual labor demand

Wer O Wy X121
= It~ =
2re 1 —ar 2y Mpob; )"

+ (1= \)PE,

Cy Zris1 XiZr
—NI
Ciyr 214 MIOel,tH

Variables: w. ;. w . Ly, 074, Cy
Dynamic labor supply constraint in informal sector
Leg = (1= A)Legmt + (1= (1= A)lep—1 — Loy L) Mro7,™
Variables: L.;, L; .0,
Total self-employed labor demand
Ls,t = Lc,tLI,t

Variables: L.;, Ly, L,

Casual vacancy posting

VariableS: ‘/(:,ta Lc,ta 6'[,t
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(A23)
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20. Informal sector production function

21

22

23

24

25

26

Variables: Y7, L, L.,

Tt
1
1—7( +1

1Y
%a(l -7)

. NKPC

5 arrl—ag
Yie=zZrzrilei Ly

Tt >_
-7

e—1

e(l— ¢)i 1 s
V(A= N'"TTT) (1= ar)zrzi Ly g

+ BE; Lﬂtjl

Variables: =, Y,.TT,, C,

(1+ 7Tt+1):|
g L—x

) Ll,n Wt

. Law of Motion of Capital

Kt+1 - It + (1 - 5)Kt

Variables: K, I;. K, is the predetermined variable

. Economy-wide production function

Y,

Variables: Y, Y., Vi,

. Consumption demand

Co =Y, =0 (XrZrVEr + XoZ24Vy) 2ri—(1—0) X1 2121 Ver— L —(1— ) —

1—

= A (6772 (- o)y,

Variables: Y, Vi, V1. Chyip, m

. Taylor Rule

Variables: R;, m;

. Real interest rate

Variables: RRZ;, R;, 7
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C

(A27)

(A28)

(A29)

(A30)

Tt
1—y
(A31)

(A32)

(A33)



27.

28.

29.

Total informal sector employment
]nfemp,t = Lc,t + Ls,t (A34)

Variables: 1 fe,p 1, Loy, Ly

Total formal sector employment

Forempt = Lyt + Loy (A35)
Variables: Fore,, . Ly, Ly,
Stochatic discount factor
C,
SDF, — BEt( d ) (A36)
Cit1

Variables: SDF}, C,

Total number of variables: 29
Total equations: 29

Variable list

SDFta Cta Forempﬂfa Lp,ta Lg,ta Infempﬂfa Lc,ta Ls,ta RRt7 Rta Tty Y;b
TT;fa LI,t7 Ws ¢, VF,t7 ‘/g,ta It> YF,t7 }/I,ta Kt7 91,t> ‘/c,ta We,t, kf,ta ‘/p,ty OF,ta T't, Wyt
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Description of Variables

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

S DF;: The stochastic discount factor
Cy: Consumption
Forepy,:: Total formal employment

L,.: Labor in private enterprises(formal)

. L,,: Labor in public sector (public)

In femps: Total informal employment
L.,: Casual labor

L,: Self-Employed labor

RR;: Real Interest rate

R,;: Gross nominal interest rate on bonds
m,: Inflation rate

Y;: Total Output

TT;: Terms of Trade

Ly ,: Ratio of casual to self labor (auxiliary variable)

ws 2 Wage in self sector

Vr¢: Formal vacancy rate
V,+: Vacancy in public sector
I,: Investment rate

Yr,: Total formal output
Y;.: Total informal output

K;,: Capital Stock

6;+: Labor market tightness in informal sector

0r.: Labor market tightness in formal sector

V.+: Vacancy in casual sector
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25.

26.

27.

28.

29.

w,: Wages in casual sector

ks.: Ratio of capital stock to formal labor (auxiliary variable)
V,.+: Vacancy in private sector

r;: Gross interest rate on capital (rental rate)

wp¢: Wages in private sector
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