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1. Introduction

Gender inequality is one of the biggest challenges facing Indian policy makers trying to
achieve faster, sustainable, and more inclusive growth. In particular, division along gender
lines in the labor market is one of the key concerns. For instance, India’s female labor force
participation rate is the third lowest in the South Asian region at 27 percent in 2011-12; and
less than one-third of male labor participation of 84 percent. In addition, they receive lower
wages, are overrepresented in informal and unpaid domestic work, with gender gaps existing
along several other dimensions including education, access to productive inputs, and bargain-
ing power at home (Figure 1).

Figure 1: Gender inequality remains high in India
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Note: The figure shows the female-to-male ratios for all variables, except for unpaid domestic work which is the
male-to-female ratio.

Notwithstanding rising education levels amongst women in India, female labor participation
has been declining and fell from 34 percent in 1999-00 to 27 percent in 2011-12, in both rural
and urban areas (Figure 2). Lack of decent quality jobs in the formal economy discourage
female participation. More than 80 percent of the workforce is employed informally in India,
and among the ones that are employed in the formal sector, females constitute only 19-20
percent (Consensus 2011). Rigidities in the labor market due to strict regulations have been
identified as the main drivers of this large informality'.

A considerably vast empirical literature finds a negative impact of gender inequality in em-
ployment and education on economic growth?. Indeed, researchers have attempted to model
gender inequality within macroeconomic frameworks, to study the effect of a number of
gender-specific public policies on both gender and the overall economy>. However, much
of this literature has focused on how the relationship between gender and growth is mediated

ISee, for instance, Besley and Burgess (2004), Sharma (2009), and ILO (2008, 2014).

2See Klasen (1999), Dollar and Gatti (1999), Klasen and Lamanna (2009), and Barro and Lee (2013) among
others.

3Galor and Weil (1996), Fontana (2004), Cavalcanti and Taveres (2008), Esteve-Volart (2009), Agenor (2012),
Agenor and Canuto (2013), Cuberes and Teigner (2014), and Agenor (2015).



Figure 2: Falling female labor participation even in periods of economic growth
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through changes in female labor force participation rate and productivity. Labor force par-
ticipation rates only provide a partial analysis of women’s work, especially in India, where
women are more likely to be engaged in vulnerable, low paid jobs in the informal sector.
Hence, these frameworks are not rich enough to capture the impact of policies on the quality
of female employment, wages, and unemployment, all of which impact economic growth.

Motivated by these observations, we ask the following questions: What is the interaction be-
tween informality and gender in the labor market? How do labor and gender-targeted policies
affect female labor force participation, females’ access to formal employment, gender wage
gaps, as well as aggregate economic activity? In this regard, we build an open economy
dynamic stochastic general equilibrium (DSGE) model with both informality and gender in-
equality in the labor market. The model is estimated using Bayesian techniques and applied
to quarterly data from India.

The key contribution of this paper is to link the issue of gender inequality to informality within
a unified theoretical framework. In addition, in contrast to the existing literature, which has
largely focused on long run outcomes alone, we are instead able to capture the short run effects
of policy as well.

For our analysis, we consider an economy where two goods are produced, a market-good and
a home-good. Firms in the formal and informal sector combine labor with capital to produce
different varieties of market goods. There are labor market rigidities (modeled as hiring costs)
in both sectors, where informality results from significantly higher rigidities in the formal
sector, and wages are determined through Nash bargaining between workers and firms*. Home
goods are instead produced by individuals working at home in home production’. Households
consist of males and females, where the labor supply decision of each individual is an outcome
of an optimal allocation among paid market-good production, unpaid home-good production,
job search, and leisure; while also being dependent on their relative intra-household bargaining

4This is related to the level of labor unionization.
5According to the OECD Gender Data Portal, routine housework (cooking, cleaning, home maintenance etc.),
and care for household members makes up the greatest proportion of India’s unpaid care work.



power®.

We use the findings from the empirical literature to model gender inequality by imposing
several frictions on workers’ labor supply and demand’. Constraints on female labor demand
are modeled as: (i) lower education (skill) level of female relative to male workers (World
Bank (2013a)); (i1) lower bargaining power in the wage bargaining process (ILO (2011)); and
(ii1) firm-based gender bias against females in formal employment (ILO (2012), Campbell and
Ahmed (2012), OECD (2008)). Whereas, constraints on female labor supply are modeled in
the utility function as: (i) lower preference for working outside home in paid market-good
production relative to staying at home, which corresponds to concerns regarding female safety
and mobility in developing countries (World Bank (2011)); and (ii) higher preference for
working in home-production relative to leisure, which is related to social norms and the lack
of public provisions, including childcare support (Duflo (2012)).

Using this framework, we study and quantify the impact of a number of gender-based policies
on aggregate economic activity (GDP, formality in the labor market, and unemployment), and
on labor market indicators of gender inequality (female labor force participation, female for-
mal employment, and gender wage gaps). Increase in female education and stronger enforce-
ment of laws against gender discrimination which lower constraints on female labor demand,
as well as increase in public provisions and improvements in female safety and mobility which
lower constraints on female labor supply are considered as gender-specific policies. Finally,
we also investigate the effects of increasing labor market flexibility in the formal sector, i.e.
lowering labor regulations.

Policy analysis yields three key insights. First, gender-targeted policies boost female labor
force participation, leading to gains in GDP in the long run. However, owing to the presence
of labor market rigidities, these policies do not generate sufficient job creation in the formal
sector, resulting in a large proportion of the increased female participants either being em-
ployed in low paying informal jobs or staying unemployed. This further widens gender gaps
in wages and informal employment, thus worsening gender inequality, while also increas-
ing aggregate informality and unemployment in the economy. For instance, an increase in
public provisions that increases female participation by 1.5 percent would increase GDP by
1.25 percent, but it would also increase unemployment and informality by 1 and 0.1 percent,
respectively. However, we do find one exception with the policy that increases female edu-
cation, which by increasing female workers’ efficiency in e mployment, leads to an increase
in female formal employment. This in turn increases the overall productivity in the formal
sector, leading to creation of more formal jobs for both males and females. However, due to
slow reallocation of workers to the formal sector, female formality falls and gender wage gaps
are higher in the short run.

Second, lowering formal regulations that increase labor market flexibility, allows more women
and men to be employed in the formal sector, which lowers aggregate informality and unem-

®Intra-household bargaining power is related to relative female-to-male earnings which captures the feedback
effect of female employment and wages on their bargaining position at home.

"Elborgh-Woytek et al. (2013) present an overall review of this work in the literature. In addition, using
detailed household surveys, Das et al. (2015) and Klasen and Pieters (2015) identify a combination of supply
and demand factors that explain the declining female labor force participation trends in India.



ployment in the economy boosting GDP in the long run. However, male workers gain more,
as unchanged constraints on female labor supply and demand along with a positive household
income effect, both lower female labor force participation (as opposed to increasing in the
short run and falling marginally in the long run for males) and lead to a smaller increase in
female formality in comparison to males. For instance, lower labor regulations that decrease
informality by 1.5 percent would increase GDP by 2 percent and lower unemployment by 1.5
percent, but it would also lower female participation by 0.5 percent.

Finally, we show that combining gender-targeted policies that lower constraints on female la-
bor participation with reforms that boost formal job creation not only improves gender equal-
ity in the labor market but also leads to significantly larger gains in GDP, employment and
formality; along with minimizing any short run losses.

The remainder of this paper is organized as follows. Section 2 presents a description of the
previous literature. In Section 3 we outline the theoretical framework, and Section 4 discusses
the data, calibration and method of estimation. In Section 5, we discuss results of the esti-
mation and robustness checks. Section 6 presents an analysis of several policy experiments.
Section 7 concludes the paper.

2. Literature Survey

Now we turn to comparing our work with the existing theoretical policy literature on gen-
der inequality. A considerably vast literature has investigated the effects of gender-specific
policies with competitive labour markets. This literature can be broadly classified into talent
allocation models (Cuberes and Teigner (2014)), occupational choice models (Esteve-Volart
(2009), Hsieh et al. (2013)), overlapping generations (OLG) model (Galor and Weil (1996),
Cavalcanti and Taveres (2008), Agenor and Canuto (2013), Agenor (2015)), and computable
general equilibrium (CGE) models (Fontana and Wood (2000), Fontana (2004), Hendy and
Zaki (2010)). Female labour supply in these models is often modeled using the framework of
the time allocation model®, where women’s labour supply decision is based not only on the
trade-off between leisure and labour, but also on home production modeled as investment in
childcare. These studies analyze the impact of one or more of the following policies: increase
in female education, increase in childcare provisions, better access to infrastructure, as well
as fall in exogenously given gender wage discrimination. In sum, their results suggest that
each of the above policies increase female labour participation that has a positive impact on
their productivity, hence leading to higher growth. One or more of the following channels
drive these results: (i) higher female labour participation increases female employment (under
the assumption of flexible labour markets) and females’ labour income; (ii) this increase in
females’” income improves the average human capital (skill) in the economy, as females are
assumed to invest more in children’s education relative to males; and (iii) higher participa-
tion in turn has a direct effect on per capita GDP, as females move from unpaid home-good
production (not accounted for in GDP) into market-good production.

8Refer to Becker (1965).



However, this existing literature has not paid attention to how the presence and effects of
labour market rigidities (i.e. regulations) vary by gender. In addition, much of the above
analysis is based on small, illustrative models (with notable exceptions such as Agenor (2012,
2015)). Thus, they may not be adequate for policy analysis as important channels are ’not
modeled’ or ’shut down’ - by imposing for instance exogenously given wages, exogenously
given wage gaps in gender, in addition to assuming labour market flexibility. Hence, while
this literature has significantly improved our understanding of the various links between gen-
der equality and growth, the relevance of any policy-related study strongly depends on whether
the specific model used to draw recommendations captures all the key transmission channels
of policy or not. Moreover, the computable general equilibrium (CGE) modelling technique’
is commonly used to capture the general equilibrium effects of gender-specific policies. Com-
pared with the more recent general equilibrium modelling strategies, CGE models are mainly
non-stochastic and static. Thus, while they are useful for quantifying the long run effects of
reforms, they do not take into account the dynamic impact and the interplay between macroe-
conomic policies and gender inequality.

We are only aware of one recent study by Albanesi and Patterson (2014) who model gender
differences in labour force participation rates within a New Keynesian framework. How-
ever, they abstract from analysing gender-specific policies and instead focus on the impact of
changes in female labour force participation on business cycles. Although the goal of their
study is different to ours, they do highlight the relevance of using a DSGE framework for
gender-related policy study.

Our model builds on their framework by adding a number of relevant frictions on the labour
supply and demand of female workers, and by integrating this with the literature on labour
market rigidities to model informality!©.

3. The Model

This section presents the Baseline model. We provide a brief description before specifying the
details of the model in the following subsections.

The small open economy consists of households, wholesale producers, retailers, capital pro-
ducers, and a government. Two goods are produced in the economy: market-good and a
home-good. Market-good consist of formal tradable goods (F'), informal non-tradable goods
(I), and imported goods (f*). The first two are produced domestically by formal and infor-
mal retailers in each sector se(F,I), respectively, while the latter is produced in the foreign
economy and sold domestically by import retailers in the formal sector. On the other hand,
home goods (H") are produced by individuals of the household who work at home, and is for
household consumption only.

9CGE modeling (also referred to as Applied General Equilibrium (AGE) models), use actual data to estimate
the impact of policy changes using input-output tables.

10T his literature on informality includes Conesa et al. (2002), Zenou (2008), Castillo and Montoro (2008), and
Satchi and Temple (2010).



Households consist of male (m) and female (f) members who derive utility from consuming
market goods, home goods, and leisure. Each member either supplies labor (i.e. participate in
the labor market) to wholesale firms or instead stays at home. The ones that participate in the
labor market are either employed in the formal sector, employed in the informal sector, or stay
unemployed. The employed engage in paid market-good production, whereas the unemployed
work in unpaid home-good production in the residual time when unoccupied by job search.
On the other hand, the ones that stay at home, are either working in home-good production, or
consuming leisure.

Formal and informal wholesale firms combine labor with capital to produce formal and infor-
mal wholesale goods, respectively. Unemployment exists as wholesalers in each sector pay a
hiring cost when hiring new labor a la Blanchard and Gali (2006). Wages in each sector are
determined through Nash bargaining between workers and firms.

Formal and informal retailers purchase wholesale goods from wholesalers, differentiate these
into different varieties of market-goods, and set the retail price for each individual variety in an
environment of monopolistic competition and price adjustment costs a la Rotemberg (1982).
A group of competitive capital producers combine formal market- and imported goods to
produce final investment goods, which is then combined with the used capital goods rented
from wholesalers to produce new capital. Government conducts monetary and fiscal policy:
it sets the nominal interest rate using a Taylor-type rule, and receives tax wage income from
households which is used to finance public spending and unemployment benefit payments.

Details regarding each agent’s behaviour are described below.

3.1. The Labor Market

There are a continuum of households (0,1), out of which p" proportion are males, and pf =
1 — p™ proportion are females'!. Households either supply their labor to wholesale firms,
which determines the labor market participation rate, or stay at home forming the pool of
non-participants.

Hence, there are two types of workers he(m, f) in the labor market where m denotes male
workers and f denotes female workers. They can either be employed in one of the two sectors
s€(F,I), where F is the formal sector and I is the informal sector, or stay unemployed. The
mass of male workers who are employed in the formal sector, employed in the informal sector,
and unemployed, are denoted by Lﬁt, L?ft, and U/". Similarly, the mass of female workers are

denoted by LJ;J, L{ ;» and U,f . Non-participants consist of NP/ males and NP,f females.

The pool of male and female workers who participate in the labor market is then given by:
P" = p™ — NP" and P,f =p/ - NP,f , whereas the male and female unemployment is deter-
mined by: U;" = B" — L, — L, and U/ =B/ — L], — L]

1> respectively. Hence, we can express
unemployment as:

'TAs per the 2001 consensus, females in India constitutes half of the country’s population and therefore we

assume p" = p/ = 1.



U =p"—NF"— ;7”71_ ImJ (3.1)

v/ =p’ ~NF/ - L}, - L, (3.2)

The labor market dynamics closely follow the framework in Campolmi and Gnochhi (2014).
The stock of employed labor varies because of the endogenous variation in hiring, and an
exogenous probability of getting fired, oy, every period'?. At the end of period r — 1, after
all decisions have been taken and executed, F;f;_l = GsmL?f;_l and Fs{;l = Gf Li ,_ male and
female workers are fired by wholesalers in sector s. In period 7, new male and female workers
are hired, H;"t and Hsfj ;» from the pool of job searchers, S;* and Sf 13 The evolution of male

and female labor in each sector s is given by:

L?,lt = Z?t—l _Fr:;—l +H;n,t = (1 - GS)Lg?t—l +p(H:n,t)S?1 (3.3)

N

.y

sit—1

L=

st —1

+Hs{z = (1 - O-S)Ls{;q +p(H£)S{ (3.4)

where male and female workers’ probability of getting hired, p(H{}) and p(Hsfj /), is deter-

mined endogenously by wholesalers” optimization'.

The unemployed, the non-participants, and fired individuals, U" | + NP" | + F}’ft_l + FI’:}_I

and Ut{ | +NPtJ: 1+ F Iff 1t F,ftfl, form the pool of males and females that are not employed
at the end of period t — 1. Among these, some are job searchers in the following period ¢, and
the remaining ones are non-participants:

S"+NP"=U", +NP" + oLy, +o'L]'_, (3.5)
s{+NB/ =U/ | +NP/ | +olL],  +o[L],_, (3.6)

Inserting Eq. 3.1 in Eq. 3.5, and Eq. 3.2 in Eq. 3.6, gives us the following expressions for
male and female job searchers in period 7:

S¢=F"—(1—0r)Lg,1 —(1=on)ly;, (3.7

s! =P —(1—op)Lf, | —(1-0o))L], | (3.8)

12Probability of getting fired is allowed to vary across the two sectors, which corresponds to the relative difficulty
in firing workers in the formal sector (i.e. employment protection policies).

13 Assume instantaneous hiring, i.e. period 7 searchers can be matched and start producing in period ¢ itself. This
is a standard assumption in a sticky-price model, and seems reasonable if a period is interpreted as a quarter.

4The formal and informal labor markets are integrated as they hire workers from the same pool of male and
female job searchers.



Evolution of male and female formal employment (Eq. 3.3 and Eq. 3.4 with s = F) can then
be written as:

Lﬁt = (1—oF)(1 _p(HI’;Tt)) ’It‘tt—l +P(H1’~1ft)Ptm _p(HII;,lz)(l - GI)L%—I (3.9)
L}, = (1—op)(1 - p(H}) LY, + p(H}, )P/ — p(HL)(1-07)L], (3.10)

Eq. 3.10 implies that in period ¢, total female workers employed in the formal sector increases
with higher female labor participation, Ptf , and with a rise in their probability of getting hired
in this sector, p(H]{;)ls . An analogous interpretation of Eq. 3.9 follows for male workers
employed in the formal sector.

Similarly, for the informal sector (s = I), we get:
10 = (1—on)(1 = p(Hp})) Ly, + p(H[)F" — p(H;) (1 — 0F )L, 3.11)
L, =(1—o))(1—pH{ )L, +pH] )P - p(H] )1 - or)L, | (3.12)

Probability of getting hired in sector s is then given by the ratio of new hires to the pool of job
searchers:

H™ H/
HM) — S, Hf St
p( S,l‘) - S;n p( S,l) - Stf (313)

Ratio of total job searchers to the pool of individuals not employed at the end of period ¢ — 1
determines the probability of searching for a job:
St

oy = 3.14
PIST) ULy +NP +Fg  +F G19

s/

(3.15)
S S S S
U_\+NF_, +Fg, +F,

p(s)) =

3.2. Wholesale Producer

We have a continuum of wholesalers (0,1) in each sector s producing different intermediate
goods, Yg‘; and Y,“t/, with access to different technologies, 6 and 917,16. By the beginning
of period 7, they are assumed to acquire capital, Kr; | and K, 1, from capital producers,

I5For this to hold, female labor participation in period  should be greater than the sum of female workers that
are still employed from the previous period f — 1, i.e. P/ > (1— O'F)Lgt_1 +(1- G,)L{ .- This always
holds true for all periods in our model.

1691:’; and 0y, are stochastic disturbances to aggregate productivity in the formal and informal sector, respectively
and follow a first order autoregressive process (AR(1)) in logs.



which is combined with labor hired from households, Lr; and L;,, to produce these goods
over period ¢, using a Cobb-Douglas function!’:

Ypy = O (Kpg—1)¥" (Lpy)' Y7 (3.16)

Y, =614 (Krg—1)¥ (Lig)' ™" (3.17)

where Y is the capital intensity related to capital income share in sector s. They sell their
goods to retailers in their respective sectors at a price of P}Vt and Plv‘; .

Total labor in each sector is a constant elasticity of substitution (CES) aggregate of male and
female workers, where py&(—oo, 1] determines the substitution elasticity®:

Lrs = [0F, (skillF L )PP + (1 — op,) (skillL L, )PF]V/Pr (3.18)
Ly = (@, (skill]' Ly, P! + (1 — ooy, ) (skill] L ,)P1) /1 (3.19)

oy ,€(0, 1) is the firms’ relative preference for male workers over female workers in sector 519,

Differences in skill level of male and female workers, skill{" and skill;gf , corresponds to the

gender gaps in education?”,

Labor Market Regulations

Wholesalers in each sector s face real hiring costs, H Cﬁ,, when hiring new labor and the real
wage, Ws{‘,, paid to this worker is decided by the generalized Nash bargaining solution. Per
period real profit is equal to the revenue net costs spent on employing labor (wages and hiring
costs) and renting capital, where P, is the aggregate price level and RX is the real rental rate of
capital:

W

PF

ny, = ?f Y — WPLE, — Wi Lt — REKp, 1 — HCJ HYY, — HCL H, (3.20)
Py

ny, = ?;P,Vg Yy —WhLP, — W} L], — REK; 1 — HC] H], — HC] H] (3.21)

7Wholesale firms are assumed to be perfectly competitive and use a constant returns to scale (CRS) technology
function. This allows us to treat these firms as a whole, and hence we write aggregate production function
without firm specific constraints.

18The substitution elasticity between male and female labor in production is 1/(1—p). p = 1 represents perfect
substitution, p — —oo represents a Leontiff production function, and p — 0 represents the Cobb-douglas
case.

One can interpret this as the male gender bias in employment which determines the extent of gender dis-
crimination in employment. @,; = 0.5 implies no gender discrimination, whereas firms discriminate against
females when w;, > 0.5 .

20These skills also vary across sectors, which relates to the differences in worker training and efficiency of
workers across the formal and informal sector.



Following Blanchard and Gali (2006), hiring costs depend positively on the total number of

new hires, and negatively on the pool of unemployed at the beginning of period 2!
HCL, = (Bucys) ( p(HI],ZJ)) ey (3.22)
HC}, = (Buc,,) (p(H,)) (3.23)

Bucy . Bacy,t > 0 are exogenous AR(1) hiring cost shocks, and ayc, > 0 is the elasticity of
hiring cost with respect to hiring probability>

Capital and Labor Demand

Wholesalers in sector s choose L, L{ /s H;",, Hsf +» and K ;_1, by maximising their expected

discounted value of future profits:

max  E; ) Pl (3.24)
LS,Z)KV,Z—] aHS ot Z t+k

subject to the law of motion of male and female employment (Eq. 3.3 and Eq. 3.4). p;;4«
is the stochastic discount rate obtained from the households’ optimization problem discussed
below.

Capital and labor demand functions in sector s are obtained from the first order conditions as
follows (see Technical Appendix for derivations):

PV YW
RE =y, 2L 2 (3.25)
r VR K

A A LI\ P
t t 1 1m S,[ m
(1—wy)ay " skill}! =W +HC" — E; (p s HCT (1 - 0y))  (3.26)

Tm
Ls t St

PLYY 7Lss {r 7 7 o
(1_Ws)(1_ws)?Lf skilly 5T =W, +HC;; — E; (Ptz+1H st+1(1—65)> (3.27)

t Ly, st

The equation for capital demand (Eq. 3.25) is standard in the literature, however, the labor de-
mand for males and females (Eq. 3.26 and Eq. 3.27) is now determined by equating marginal
product to the marginal cost of employing labor, which includes the real wage plus the cost
generated by hiring.

2IBlanchard and Gali (2006) show that the presence of hiring costs creates a friction in the labor market similar
to the cost of posting a vacancy and the time needed to fill it in the standard Diamond-Mortenssen-Pissaridis
(DMP) model.

22This points towards a convex structure of hiring costs, i.e. marginal hiring costs increase with the number of
new hires.

10



Wage Bargaining

Wage setting follows a Nash bargaining process between workers and wholesalers where wage
bargaining power of worker / in the formal and informal sector is denoted by Ae(0,1) and
A}‘s(O, 1), respectively. The bargaining power of formal workers is assumed to to be higher
than informal workers. To capture gender gaps in access to labor unions, union leadership,
and union priorities, we also allow for differences in bargaining power of male and female
workers.

Vlf{t, V/,’p and Vg,t is the marginal value to a worker % of being employed formally, employed

informally, and of being unemployed, whereas Vlf’,P, is the value of not participating in the
labor market. A formally employed worker in pe7riod t receives current wage income of
(1 —1r)Wr,, where 7F is the marginal tax rate. In the next period 7+ 1, the worker keeps
the same job with probability (1 — 61@), or gets fired with probability Gfé. If fired, there is

a probability (1 — p(Sf’,J +1)) that the worker decides to stay at home, or searches for jobs
with probability p(SféJ . 1)- If the worker searches for jobs, there is a probability p(HI’}J +p) of
getting re-hired in the same sector, hired in the informal sector p(H, ;ft 41
1 =Y rul p(HS}fl 1))ds of staying unemployed. Hence, we obtain the following expression

for V}'J:

), and a probability

Vit = (1= e )Why — MRS}y, ¢, — MRS], ¢, + B¢ |prii (1= 0f)Viy |

h h h h ho \yh
+ OpE: {thHP(SH—l) [(p(HF,Z—H Ve + p(HI,t—i—l)VI,H—l] } (3.28)
+ OpE; [Pt,t+1 (1= p(Hp ) — P(th,t+1 ))Vll},ﬂ—l]

+ OlE; [Pz7z+1 (1— p(S?—Q—l))VIGPJ—&—I}

MRS;’I p.c, and MRSf’et ¢,» both derived from the households optimization problem below, rep-
resent the marginal rate of substitution between home-good and market-good consumption,
and between leisure and market-good consumption

Similarly, we get the value of being employed in the informal sector, the only difference being
that the worker does not pay wage income tax, 7y = 0:

Vit = (1—1)W, — MRS} ¢, —MRS;Z,,Q +E; [Pt,ﬂrl (1- GIh)VI}ft—H]
+0E; {Pt,t+1p(5?+1) [(P(H;l*,tﬂ )V£t+l + p(HI}it-i-l)VIl}t-i-l] } (3.29)
+0E [Pt,z+1 (1= p(Hp, ) - P(H;ftﬂ))VII}JH]

+ GIhEz [Pt,rﬂ (1- p(S?H))VNhP,tH]

An unemployed worker receives social benefits today, Wy, and spends 7 €(0, 1) proportion
of her time in home-good production, while the remaining time (1 — 7y/) is spent in searching
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for jobs?3. In the next period, there is a probability p(Sﬁ’ ' 1) that the worker stays at home or

participates in the labor market with probability (1 — p(S” ' 1)), which gives us the expression
for V&t as follows:

Vi =W, — (1 = w)MRS}p, ¢, — MRS, ¢, (3.30)
+ EtPr 1 {Pz,tHP(Sthrl) [(P(HI{E,HI)VI%-H +p(HI}it+1)VI}:t+l] }
+E; | prat (1= p(H] 1) = P )V 11 |

+E; |:pl,t+1 (1- P(S?H ))VIGRI+1:|

A non-participant household member, either works in home-good production with probability

(1—p(le,,)), or consumes leisure with probability p(le”, ,)**. This gives us the marginal

value to worker 4 of not participating (i.e. staying at home) as:

Viprs1 = (1= p(lef )WViipei1 +p(e) ) )Vik iy (3.31)

. . . h . . h
Value of working in home-good production, Vipi and value of consuming leisure, V, ett1>

are analogous to the value of being unemployed, except that these workers are now not entitled
to receive unemployment benefits>>:

h h
Vip; = —MRS),, ¢, (3.32)
+EiPr i1 {pz,t+1P(Szh+1) [(p(HI@,tJrl)VIf“l,tJrl +P(H1}fz+1)vl},lt+l} }
+E; |:pl,l+l<1 _p(HI@,H—l) - p(HI}fH—l))Vg,H—l]

+E; [Pr,z+1 (1 —p(S?H))Vf&ml}

Vi, =—MRStp ., (3.33)
+EiPr i1 {Pt,z+1p(sﬁ+l) [(p(HI?,quI)VIf{HI +p(HI}ft+1)VI{lt+l} }
+E; |:pt,t+1 (1- p(Hfh?,tJrl) - p(HI}tt+l))Vl}/l,t+l:|

+ E; |:pt,t+l (1- P(Szh+1 ))VNhP,tJrl]

23We assume a unit interval for the time period.

24These probabilities are endogenously determined by households optimization

2In the context of India, the unemployment benefits could be thought of as the benefits under the scheme of the
Mahatama Gandhi National Rural Employment Guarantee Act (MNREGA). The stated objective of the Act is
“to enhance livelihood security in rural areas by providing at least 100 days of guaranteed wage employment
in a financial year to every household whose adult members volunteer to do unskilled manual labor”.
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An unemployed worker % has a utility gain of (Vlf{t — V&t) if hired in the formal sector and a
gain of <V1ht -V t) if hired in the informal sector.

Following the derivations in Blanchard and Gali (2006), sector s wholesalers’ value of hiring
an additional worker % in period t, Jﬁf,, is simply given by the hiring cost in the same period,
ie Jﬁt =H Cﬁt26. Generalized Nash bargaining over the wage rate determines the division of
rent between worker 4 and wholesaler in sector s:

Ay n
max <Vsht —Vy t) Ji =)
VVAht y 9 )

and the equation determining wages, W/, is:

h

A
Ve Vo = i (1= 55 (3.34)
5,

We derive the expressions for wage rate of male and female workers in the Techinacal Ap-
pendix and define average male and female wages, W/" and Wtf , by the ratio of total after tax
wage income divided by the total number of individuals employed:

_ WL (1 - Te) + WL, Wi Wi (= o) + WhL,

W e ! Y
F,t+ 1t LFJ—'—LIJ

. wm .
where ratio of average male wages to average female wages, W, is defined as the ’gender
t

wage gap’.

3.3. Retailers

A continuum jr and j; of monopolistically competitive formal and informal retailers buy
wholesale goods to produce different final market-good varieties, Yr,(jr) and Y7,(jr), and
sell these at different prices, Pr,;(jr) and Pr,(jr), respectively?’.

Total composite output in each sector s, ¥, produced by retailers is a Dixit-Stiglitz (1977)
CES aggregate of different varieties of goods produced by individual retailers, Yy ,( js).

1 gs—1

Y, — / Y, ()5 djs (3.35)
0

26This is because in our framework there is no search time for hiring new worker (i.e. instant hiring assumption),
and so a firm can always replace a worker who is fired at this cost.
27We assume zero cost of differentiation.
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& stands for the elasticity of substitution between different varieties of goods. The corre-
sponding price of the composite consumption good, P, is:

1—gg

1
Py = / Py (js)' " dj (3.36)
0

The demand function facing each retailer can be written as:

‘ P ] —&
rati) = (222))
s,

Formal final good, Yr,, is exportable where it is consumed both domestically Q‘ét, by house-
holds, capital producers and government, and is also exported Q; to the rest of the world. On
the other hand, the informal sector good Y;; is nontradable and is only consumed domestically
by households, Qj{,.

Yy, (3.37)

’

Price Setting

Retailer jg sets its price, Py;(js) that maximizes its expected discounted stream of future prof-
its:

Max EIZPtHkaHk(J's) (3.38)
Ps,t (]S) k=0

where the one-period profit in the formal sector, HII§ .(jr), is given by the sum of total revenues

; EF ; —&f
from its domestic demand, (%) Q%J and export demand (%) 07, net of the

costs of price adjustment. Per—périod profits are then obtained as:

Pr(j Pr: (jr)\ %
I, (jr) = ( ”,Et”) —MCF‘Yz) (%) (O, +0) (3.39)
adj Pt . Pr. . 2
_ ¢g ( F, (]F)/n-F,t 1 (JF) _1) (0%, +0Y)

Here MC% is the real marginal cost, which is equal to the perfectly competitive wholesalers’
. P . o .
real price % Aggregate price and formal price inflation are given by m; = P[Pi 1 and g, =

where 7 is the steady state economy wide inflation?®. Following Rotemberg (1982),

: : : i Pey(jF)/Pri-1(j z ' :
we have quadratic costs of price adjustment ¢FT <w — 1> ,and 02 >0 is a

parameter determining the degree of nominal rigidity in the formal sector.

Pr;
Py’

ZVariables without a time subscript # denotes their respective steady state values.
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Per-period profits of informal retailers are similar, except that the informal sector only sells its
goods domestically:

P P (j)\ "

I, (ji) = (—”Pi”) —MC%) ( ”P(f’)) o1 (3.40)
<P1 (Plz<]1)/P[t () )sz
2 T Lt

; : L : P
¢/ > 0 determines the degree of nominal rigidity in informal prices and 7, = o

inflation in informal prices.

The first order condition of the retailer optimization problem determines the price in each
sector s (refer to Technical Appendix):

Ps,t(]s) . a / TCs 1
F 1MC”+ 1

—E, {Pz,m K TS_ 1) ( s;r+1 1> (”s;;#) anéﬁS)]}

e is the desired (gross) mark-up, resulting from the imperfections in the retail market.
We assume that import prices follow a similar pricing rule as that of the formal goods, with
(l)]f’d/ > 0 determining the degree of nominal rigidity in import prices.

- 1)% (3.41)

3.4. Household

Utility Function

The households aggregate utility function is a weighted sum of male utility, A}, and female

utility, Af , where the weights are determined by the intra-household bargaining power of
males and females:

A=EY ((BR) (™A + (1= BR) (p1)A] | (3.42)

B is the nominal discount rate and BP; € (0, 1) is the endogenously determined intra-household
bargaining power of males relative to females??. Following Klaveren (2009), BP; is an in-
creasing function of male to female wage income ratio given by:

exp (1=t W L+ WLy
(1—tp)WiLL+W/ L

BP, =

I+ exp {(l—rp)WﬁL';’—i-W,mL;”]

(1—tp)WlLE+W/ 1]

29The higher the value of BP,, the more the male utility function is weighted in the overall household utility.
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Bargaining power of male increases with an increase in his own steady state wage income,
whereas it decreases with a rise in the steady state wage income of females..

Each member derives utility from consuming market-produced goods C;, home-produced
goods H?, and leisure le!*:

A"(CHY lef")

HO I+viy, le™ 1+V;Z,r
(1= he)In(C, — heCy_y) + O™ (L m ) 2543

m let m
1+ Vi . 1+ Vies

/ of
HO H_VH.,t lef 1+ le,t
AN (G HC el ) = (1= he)In(Cr — heCi_y) + 0 % + <p;;,% (3.44)
1+vy, 14 Vies

Market and home consumption are public goods, and there is risk sharing within the house-
hold, so that all its members - males and females, consume the same amount of these goods.
The disutility of working, on the other hand, accrues to each member individually. Therefore,
males do not get any utility from female leisure and vice-versa. C; denotes aggregate con-
sumption at time ¢, while C;_ is the average level of consumption in z — 1, where &, € [0,1)

is the external habit formation parameter. — Z , 1s the inverse inter-temporal elasticity of sub-

stitution between market-good consumption and home-good consumption, and —v{él is the
inverse inter-temporal elasticity of substitution between market consumption and leisure.

‘ch is an exogenously given weight each member places on their utility from consuming home
goods and leisure (i.e, utility from staying at home) relative to consuming market goods (i.e.
participating in paid market work). This coefficient captures the constraints on engaging in
work outside home such as safety and mobility issues. (p[; determines the relative weight
on utility from engaging in home-good production relative to utility from consuming leisure.
This also varies across males and females, which corresponds to the deeply ingrained gender
biased social norms and lack of childcare facilities in developing countries.

Home-good Production

Home goods are produced by males and females working in home production (home workers),
HP" and HP,f , combined with the unemployed in the labor market who engage in home-good
production in their residual time unoccupied by job search. After normalizing to one the
total time available to each worker, the unemployed spend 7y €(0, 1) proportion of their time
working in home-good production, where (1 — 7y/) is then the search cost. We assume a home-
good production function with decreasing returns to scale, where —pg is a coefficient of the
inverse inter-temporal elasticity between male and female home workers>’:

. . 1/py) !~
HY = 6y, { (1= BR)(HP" + 0 U")y"" + BR,(HF/ + U] )" | H} (3.45)

0n  1s the exogenous AR(1) shock to home productivity3!. Intra-household bargaining power,
BPF;, determines the weight on female relative to male workers in home-good production,

3Christiano et al. (2014) use a similar home production function in their framework.
31This corresponds to public provisions and infrastructure such as sanitation, access to water and electricity.
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where higher the bargaining power of males at home, i.e. higher BF, lower is the weight
on male workers in home production.

Partial Derivatives

The corresponding partial derivatives with respect to male and female leisure and home-work
are:

ON_ ppy () O OHY OH! T (1—BR) >8Af OH!
OHP" (p" oHO oHP" '+ ! JHO OHP!"
IA, IA™ QHP oA/ OH®
— (BP, 7+ (1-BP, U Pt B B 3.46
SHE (BR)(p )8H0 SHPT ( 1) (p )aHPaHPlf (3.46)
A, _ (8B) (") 8A’"+8A;” OH? L (1-BR)(p f)aAf dH?
dle" ! alel*  9HO dlel! AN OHD dlel
IA, IA™ QHP oA oA OHD
— (BP, 1—BP)(p’ L (3.47)
dle! (BR)(p )aHO dle! ( e )(814 OHY dle!

Eq. 3.47 suggests that females’ leisure choice influences the household utility directly through
f
the utility function of the female, aU +, as individual leisure is a private good, as well as indi-

rectly through home-good productlon because we have replaced unemployment in the home-
good production as U,f =p/ —Llf;t — L{ P le,f — HP,f . Additionally, because home-good and
market-good consumption are considered as public goods, female leisure choice influences
aggregate household utility through the utility of both males and females. In addition, higher
the intra-household bargaining power of females, (1 — BF;), more is the weight placed on the
impact on female utility relative to male utility while choosing female leisure. The intuition
for the other partial derivatives above is the same.

Aggregate Market-good Consumption
Aggregate market-good consumption, C; consists of domestically produced market goods,
Cp,, and imported market goods, Cy,, (in terms of domestic currency), and is given by the
following Dixit-Stiglitz (1977) aggregator:
1 n-1 1 n=17 n—1
Ci=|amCp; ™ +(1—a)1Cpyy 7 ] (3.48)

where o € (0,1) can be interpreted as a measure of domestic bias in consumption, and 11 > 1
is the elasticity of substitution between domestic and foreign goods.

Aggregate price level P, can be expressed as a composite of domestic price Pp; and import
price Py, , and is given by the following CES form:

1
P = app," T+ (1= )Py, 1] (3.49)
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Domestic market-good consumption is a composite of formal market-good consumption, Cr,,
and informal market-good consumption, C;; expressed as:

1 L71 1 E u
Cp; = [W“CF,‘,‘ +(1—w)rc ] o (3.50)

where we (0,1) is the weight on formal sector market-good, and p > 1 is the elasticity of
substitution between the goods produced in the two sectors. Then, aggregate domestic market-
good price, Pp;, is determined by:

1
Pos = [wPi* 4 (1= w)plH] (3.51)

By minimizing household expenditure on the total composite demand, we can derive the fol-
lowing optimal consumption demand functions for aggregate domestic and imported market
goods:

P Py,
Cpy =« (%) -, Crer=(1-q) (%) g, (3.52)

t t

Similarly, we derive the optimal consumption demand functions for domestically produced
formal and informal market-goods:

P P
Cry=w (ﬂ) ~HCp, Cri=(1-w) (L) ~HCp, (3.53)
Pp; Pp
Budget Constraint

The representative household enters period ¢ with one period (real) foreign and domestic
bonds, B;_,(in foreign currency) and D;_;, both of which yield a nominal interest rate of

if_l and i;_; over the period ¢, respectively. In addition, during period ¢, individuals who are

employed, earn after tax wage income of (Zh:m, f [(1 — TF)WIf{tL}[éJ] dh) in formal jobs and
(Zh:m, f [(1 — TI)W]’;L?J dh) in informal jobs, and the unemployed receive social benefits,

(Wy ) (U + U,f ). They receive real dividends arising from the ownership of the retail firms,
H’,{t and Hﬁt. The income is spent on the consumption of market goods, C;, and the purchase
of one period bonds for the subsequent period, B and D;. Denoting e; as the nominal ex-

change rate where an increase in its value implies depreciation of domestic currency, we have
eli)t*

the following period budget constraint of the household in real terms, with RER; = B as the
real exchange rate::
C; + RER,B; + D, (3.54)

1+ 140
=< “ ) =L ) (RER,_1) ;:.+( th 1)Dt1
€1 T Tt

(L= T )WELE, + (1 t) WL L+ WiLY, + WL,
+ WU,t(Utm + sz) + Hllg,t + Hf,t
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The resulting first order conditions with respect to C;, By, and D; yield the standard Euler
equation for consumption (see Technical Appendix):

C[—I’lCCt_]> (1 +l1) }
1=pE (3.55)
RE { (CH—I —hcG To+1
f
—hcCi— 1
1 = BE, (Cz cG 1) +1; (€z+1> (3.56)
Ciy1—heC T 41 e
Combining Eq. 3.55 and Eq. 3.56 (up to a log-linear approximation) gives us the uncovered

interest rate parity (UIP) condition <ﬂ> = (H—”> <6’L‘>

T +1 41 et
The remaining first order conditions for HP",H P,f , lef', and lef yield the labor supply equa-
tion2:
MRSl o = (1 — 1 )WE p(HR )+ W} p(H!,) (3.57)
HP, G F)WE:P\UTF; 1P\ .

+Wu [1 _P(Hlé,t) _p(HIh,t)}

MRS}, ¢, = (1—t)Wp p(HR,) + Wi p(H) (3.58)
+ Wy, [1 - p(HF,) — p(H})]

Finally, probability that a non-participant household member # consumes leisure, p(lef’), is
given by the ratio of the ones consuming leisure divided by the individuals who stay at home:

h h
le; e

leh — f—
p( t) HP[h_'_le? NP,h

where ( 1— p(leﬁ’)) is then the probability that a non-participant household member / engages
in home-production.

3.5. Capital Producer

Capital producers combine the existing undepreciated capital stock, (1 — 0x)K;_1, leased from
wholesalers, with investment goods, /;, to produce new capital K;, using a linear technology.
The capital-producing sector is perfectly competitive. Capital evolves according to the fol-
lowing equation:

PInv K PInv I 2
K= (1-06g) K1+ ;) It—z(; Kfl—aK) K,y (3.59)
t 4 —

32The expressions for MRS,hﬂ,r o= ( B‘Z}_{th> / (%) and MRS?e,,C, = (;;:}) / ( ‘3—3’) are derived in the Techni-

cal Appendix.
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[ny

2
where 5§ <P’— Iil — 8K> K;_1 is the capital adjustment cost. Here k¥ > 0 is the capital adjust-

b K
ment coefficient, and dk is the depreciation rate of physical capital.

Capital production is confined to the formal sector, and investment is thus a composite of
domestic formal goods and foreign imports:

n

n-1 —1

=

1 1 -1
b= anle T+ (1= )il T (3.60)
and the price of investment is:
1
P"™ = [aPp," M+ (1— )Py, 1] 0 (3.61)

We assume that it is in the same proportion as in the consumption basket (Eq. 3.52 and Eq.
3.53), except that now weight on formal good is w = 1. Hence, optimal demand for domestic
and imported investment goods is:

PF,t — Pf*,z —
IF,I = (Pllnv) nIt If*,t — (1 — OC) (Ptlnv nIt

The capital producer invests such that its profit is maximized, where Q; is the real price of

capital:
2
Pl k (P™ 1, P
max I —— 0k | K1 | — 11,
Qr( 1 (Pz K K -1 P

The corresponding first order condition w.r.t. to the choice of /; determines the capital supply
equation (see Technical Appendix):

Iny
o) [1 —K (P;, KI’ - SKH =1 (3.62)
t 11—

This is the Tobin’s (1969) Q equation relating the price of capital to marginal adjustment costs.
In the absence of capital adjustment costs (k = 0), the price of capital is constant and equal to
one.

Demand for capital by wholesalers in sector s must satisfy the following condition:

Pt Y
E (R10) = E { yp | 25 )+ (1-6k)0i11
Pz+1 Ks,t
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3.6. Rest of the World

Foreign economy consumes domestic formal exports, QF, supplies foreign goods to domestic
country as imports, O}, and sells foreign bonds, B; to domestic households. We assume
that the domestic economy is small, which implies that it cannot affect foreign output, Y/,

foreign inflation, ;" = PP; and the foreign interest rate, i;, all of which are assumed to be
exogenously determined in the rest of the world>3.

The demand for domestic exports by the foreign economy is assumed to have a similar struc-
ture to that of domestic consumption in Eq. 3.52:

*

P;
0 = o (o

= Ly iy (3.63)

where o €(0, 1) is a parameter determining the share of domestic goods in foreign consump-
tion bundle, and 1} > 1 is the substitution elasticity between exports and foreign domestic
goods. We assume that law of one price (LOOP) holds for domestic goods, allowing us to

P
express the price of exports in foreign currency as Py , = :t L34,

Following Schmitt-Grohe and Uribe (2003), interest rate on foreign bond, itf , depends not only

on the exogenous foreign interest rate, i;, but also on the foreign currency borrowing premium,
X, whereby holders of foreign debt are assumed to face an interest rate that is increasing in the
country’s net foreign debt:
. ' B* B*
A+ )=+ —x - (3.64)
RER P Q

This is a standard assumption in the small open economy literature>>

3.7. Government Policy

Government consists of monetary and fiscal authorities. The monetary authority sets the nom-
inal interest rate, i;, based on a Taylor-type (1993) feedback rule. It responds to deviations in
inflation and gross domestic product:

b (i1 g (E)an Y\ oy, (3.65)
i i T Y . '

where ; captures interest rate smoothing, and the Taylor rule coefficients, &z and oy, are the
relative weights on inflation and output stabilization respectively. i, 7, and Y are the steady

33We normalise the value of foreign output by assuming ¥;* = 1.

34Substituting the LOOP condition, and RER; = L’P’ in Eq. 3.63, we get the following O = o} (P]f “7ER) FY
Therefore, a real depreciation of the currency 1ncreases exports.

33The need for such a friction is mainly technical, i.e. the country borrowing premium ensures that the model
has a unique steady state and ensures stationarity.
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state values for nominal interest rate, inflation, and gross domestic product. &;; is a monetary
policy shock to capture unanticipated changes in the nominal interest rate.

In addition, the fiscal authority finances its consumption, G;, and unemployment benefit pay-
ments by taxing wage income in the formal sector®®. The government budget constraint every
period is:

PtI ny
P

Gy +Wu (U + U/) = te (Wl LI, + WL, LE) (3.66)

We assume that exogenously given government consumption basket, G;, analogous to the
investment basket in Eq. 3.60, consists of domestic formal market goods, Gr;, along with
foreign imports, G 7., (in domestic currency):

n
—1

=

(3.67)

Optimal demand for domestic formal, Gr,, and imported government consumption, G+ ;, is
given by:

Pr; \ _ Pper\
Gre=0o | = | G, Gy =(1—a)(L1) g,
2 P

3.8. Market Clearing and Aggregation

Sum of employment in the formal, Lr,, and in the sector, L;,, is equal to aggregate employ-
ment L, in the economy: L, +L;, = L;. Aggregate labor force participation in the economy
(i.e. aggregate labor supply in the economy), P is a sum of the male and female labor par-
ticipation: B, = P/ + Ptf 37, Aggregate unemployment can then be written as aggregate labor
supply, P minus aggregate employment, L,: U; = F, — L;, where the unemployment rate is
obtained by dividing through by the total number of labor market participants, P;.

Equilibrium in the labor market for males and females is given by equating aggregate supply
of male and female labor, P/ and P,f , to the sum of their respective demands by formal and
informal wholesalers, plus the ones unemployed:

P = ’1171,1 +L??t +U" Ptf - L];,t +L1f,t + Utf

Male and female unemployment is given by the ones searching for a job minus the ones that
get hired:
U =S{"—Hg, — Hf;

36For simplicity, we assume that the government does not invest in domestic or international bond markets, and
do not take into account capital and consumption taxes.

3Note that the female labor force participation rate is determined by the ratio of the number of female partic-
ipants P/, divided by the aggregate female population, p/ in the economy. Similarly, the male labor force
participation rate is determined by the ratio of the number of aggregate male participants P, divided by the
aggregate male population, p™.
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f_f f f
Equilibrium in the asset market implies that the total number of bonds issued is equal to the

cost of desired capital in the economy:

Di—1=Qi—1(Krs—1 +Kps—1) (3.68)
The resource constraint for the formal sector iS:

Loy~ iy (142 ( 1) +HCILHY, +HCL HL  (3.69)
P Pl 2 T ) ) ) )

where total demand for formal good, Y, is the sum of its domestic demand by households,
capital producers and government, Q%’t = Cr; +1r; + Gry, and foreign export demand O, i.e.
Yr; =Crs+1Ir; + Grr + 0.

Similarly, the resource constraint for the informal sector is:

Pli w P T fof
B lt_P;YI,t 1+T<7’—1) +HC]HY, + HCy H (3.70)

where informal-market good is only consumed by domestic households, ¥; ; = Q;{ =Cpy.

Total foreign imports is given by the sum of imports by households, capital producers, and the
government, Q" = Cry ; + Iy ; + Gy ;. Finally, GDP in the economy is given by:

PI ny PF ;

Y, =C+ P (It—i—Gz)‘f'—Qx

(QM+GM+Gﬁ)

3.9. Shock Processes

We include fourteen exogenously given shocks in the economy: thirteen domestic, and two
determined in the rest of the world. Domestic shocks include the following gender-specific
shocks which form the basis of our policy experiments relating to gender-targeted policies:
shock to male gender bias in formal employment (wF;), productivity of home production

(Bh 1), skill efficiency of female workers (skzll Fio skill{ .), females’ relative utility preference

for staying at home versus participation in the labor market (¢,f ), as well as a shock to females’
relative utility preference for home-work versus leisure ((pl];l). Shocks to domestic technology
(6r; and 6;,), government spending (G;), monetary policy (&;,), foreign inflation (7;"), and
foreign interest rate (if) are also modeled. Finally, labour market shocks include shocks to
wholesalers’ labour hiring cost (Bxc; ) , and shock to wage bargaining power of male workers
in the formal sector, (A/,). With the exception of the monetary policy shock, &, which is
assumed to be a white noise process, all shock processes in the economy are assumed to
follow a first order autoregressive process (AR(1)) in logs as follows:
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log (%) — p,log (%) te, 3.71)

where 2, & {01, 014, On . . i Gr. Brces Ay Oy skilll.,, skill],. ¢/ @], }. p-£(0,1) is
the persistence of shocks, and €, ; is assumed to be i.i.d with mean zero and standard deviation
given by sd(&;). This completes the specification of the Baseline model.

4. Estimation Methodology

This section describes our data, calibration approach, and presents details regarding the main
estimation procedure for India. In order to evaluate the performance of the model, we use a
combination of calibrated and estimated parameters. We choose to calibrate some parameters,
as these are more important in matching the first moments of the Indian data, and estimate the
remaining using Bayesian approach in Dynare.

4.1. Data

To estimate the model, we use information on nine key macroeconomic variables for India:
GDP, private consumption expenditure, investment, government consumption expenditure, ex-
ports, imports (all expressed in constant prices), the real exchange rate, the wholesale price
inflation (WPI), and the nominal interest rate. The 3-month Treasury bill rate is used as a
proxy for the nominal interest rate, and the real effective exchange rate (REER) is used as a
proxy for the real exchange rate. The sample runs from 1996Q1 to 2012Q1, which gives us 65
observations for each of the time series. Prior to estimation, GDP, exports, imports, consump-
tion, investment, and government spending are transformed into real per capita measures. This
is done to align the scale of our data, with the steady state of our Baseline model. We remove
a time trend in the data using the Hodrick-Prescott (HP) filter to obtain the stationary series,
and measure these in terms of the percent deviation from the steady state (i.e. the HP trends
corresponding to each)’®. In addition, we remove seasonal effects in the series using the X12
arima filter (except the real exchange rate, and the nominal interest rate). All data is taken
from the CEIC database.

4.2. Calibration

Table 1 and Table 2 summarizes the calibrated values of parameter in our model for India,
where we calibrate a set of parameters, and the steady state values for some endogenous
variables, which characterise the model economy.

3 This makes the data suited to the log-linearised DSGE model.
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As in much of the literature, the depreciation rate of capital, Ok, is set at 10 percent per annum,
implying a quarterly value of 0.025. Steady state inflation, 7, is 4.5 percent which corresponds
to the average seasonally adjusted quarterly WPI over this period on an annualized basis. The
discount rate f3 is set at 0.994 which corresponds to an annual nominal interest rate, i of 7
percent, matching the mean of the sample. Foreign inflation, ¥, is 2.5 percent annually,
which corresponds to an annual foreign interest rate, i*, of 5 percent®®. The depreciation rate
of the nominal exchange rate, dep is calculated at 2 percent on an annual basis.

Table 1: Parameter Calibration, Baseline model for India

Parameter Value Description

B 0.994  discount rate
Ok 0.025 capital depreciation rate
o 0.8  share of home-good in consumption
n 1.2 substitutability between domestic and foreign goods
T 4.5  gross inflation in the steady state (% annually)
T 2.5  gross foreign inflation in the steady state (% annually)
<PII:V g) 0.11  government spending-to-GDP ratio in the steady state
Wy /Y 0.014  social spending-to-GDP ratio in the steady state
(PFF %) 0.19  export-to-GDP ratio in the steady state
<P1€* Q7m> 0.21  import-to-GDP ratio in the steady state
u 1.5 substitutability between formal and informal goods
w 0.39  share of formal goods in consumption
ny 4.5 price elasticity of exports
Yr 0.34  capital share in formal production function
1/ 0.34  capital share in informal production function
;f i 1.2 price mark-up in formal sector
gfil 1.09  price mark-up in informal sector
%’; 1.5  relative formal-to-informal productivity
lﬁ' , H—Cfﬁ 3 share of formal hiring costs in formal wages
FooWp
HW—(':Z,n, H—Cf; 0.5  share of informal hiring costs in informal wages
row
oF 0.1 formal worker firing rate in steady state
o1 0.75 informal worker firing rate in steady state

The share of government expenditure in GDP is calibrated at 11 percent, as in the data. In
2005, the Government of India spent 1.4 percent of its GDP on social protection, which forms
the basis of our calibration for unemployment benefits to GDP ratio*’.

This is close to the value of 6 percent used in much of the macro-RBC literature for calibrating i*.
40The wage income tax, Tr, is then obtained from the government budget constraint.
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The substitution elasticity between imported and domestically produced goods, 1, is set at 1.2,
close to the value estimated by Medina and Soto (2005) for Chile, and Castillo et al. (2006)
who obtain values close to 1. This combined with the share of domestically produced goods
in the market consumption basket, &, at 0.8, corresponds to a steady state import to GDP ratio
of 21 percent, as in the data. Elasticity of substitution of exports, 1y, is set at 4.5, a value
consistent with the calibrated steady state export to GDP ratio of 19 percent*!.

Matching Informality Statistics

Next, we turn to parameters relating to the formal and informal sector. Because of the scarce
empirical evidence on informality, our calibration strategy aims to match, as accurately as
possible, the empirical evidence, and available data on key statistics relating to the two sectors
in India.

Using industry level panel data for the period 1980-2007, Pal and Rathore (2013) estimate the
size of the firms’ mark-up in India to have a long run average of 1.19 during 2000-07. Thus,
the elasticity of substitution among different retail varieties, €r and &, are calibrated at 6 and
12, so that the retail firms’ desired mark-up is pinned down at 4 = 1.2 and %y = 1.09,
correspondingly. A lower mark-up in informal prices corresponds to much higher competition

in this sector.

Based on the estimates of share of compensation of employees in Chandrasekhar and Ghosh
(2015), we calibrate the cost share of capital in the wholesalers’ production function, yr and
Y7, at 0.34, for both sectors. As in Ulyssea (2009), the productivity of informal wholesalers, 6;
is normalised to 1, whereas the productivity of the formal firms, O, is 1.5 capturing a produc-
tivity differential of 50 percent between the two sectors*?. Productivity and labor intensity of
home production is assumed to be the same as the informal sector, i.e, Oy = 67, and (1 — yg)
is 0.67%.

According to the The Global Competitiveness Report published by the World Economic Fo-
rum (2014), the redundancy costs of workers in India is estimated to be equivalent to 55.9
weeks of annual salary since 2006, which is equivalent to 4.53 times the quarterly wage rate.
Since in our model the hiring costs also reflect the difficulty in firing workers, we calibrate the
hiring cost to wage ratio in the formal sector for both male and female workers at 3, which
corresponds to 38 weeks of annual salary. Since only the formal sector is regulated, for the
corresponding informal sector ratio, we assume it to be much lower at 0.5. 4.

“IThe steady state share of domestic exports in the foreign consumers’ consumption bundle, ¢, is calculated
endogenously.

42This is consistent with the estimates in Sahoo and Raa (2009), who find that the formal sector activities are
strictly more productive than the informal ones in India.

43We choose this specification as home production can also be interpreted as the output produced by home based
or self-employed workers, which falls within the definition of the informal sector.

4From the hiring cost functions, steady state value of the exogenous hiring cost variable, Bucy and Buc,, and the
coefficient of elasticity of hiring costs to hiring probability, 0y, and oy, , are both endogenously obtained
to be higher in the formal relative to the informal sector.

26



The unorganized sector employs nearly 84 percent of the Indian workforce according to the
Employment and Unemployment Survey (EUS) of the National Sample Survey Organization
(NSSO, 2009-10). Setting the exogenous probability of getting fired, o and oy, at 0.1 and

. . L
0.75, gives us the informal employment share, LFT[L] at 68 percent, and an unemployment rate,

%, of 17 percent45.

For the substitution elasticity between formal and informal goods, t, we have chosen a value
of 1.5 which matches values commonly used in the literature for the substitution elasticity
between traded and non-traded goods. Then the formal goods bias in consumption basket, w,
is set at 0.39, such that the share of informal sector output in GDP is obtained at 44 percent,
close to the value of 49 percent estimated by the NCEUS (2009).

Matching Gender Inequality Statistics

Table 2 summarizes the calibration of gender-related parameters, which are chosen so as to
match the Indian statistics on female participation, P/, male participation, P”, male formality

) Ly
in the labor market, o Lm ,

female formality in the labor market, o7 L+ 7, and the gender wage
F

gaps Wl‘ﬂ
Plau51ble estimates for the substitution elasticity between female and male workers in pro-

duction function of market goods, ;—-, based on Acemoglu et al (2004), range between 3.2

and 4.2. We assign this a value of 2 5 in the formal sector.
] 1P
(1999)) suggest that female’s Frisch elasticity of labor supply, —1/ Vl »» 1s approximately three
times that of males, —1/v;}. Assuming an ’average’ elasticity of 2 in the economy which is
a value frequently used in calibrated versions of small open economy models (see Mendoza
(1991), Aguiar and Gopinath (2007)), and female share in total employment of 0.33 (NSSO,
2004-05), we can write:

s oo p , with a higher substitution

elasticity of 5 in the informal sector 46 Standard estimates (e. g Blundell and Macurdy

3
0. 33_f +0. 67— =2
vle vle

This obtains 1/v/” = 1.20 and 1/v;; =3.61.

skill7! skilly"

skill] skitt!’
based on the data on education gaps between males and females in India. According to the
2004-05 NSSO survey, the average years of education of females is 4.5, as opposed to 6.8 for

We calibrate the ratio of skill level of males to female worker in each sector,

43The official unemployment rate published by the Planning Commission in India is around 8 percent for 2009-
10. However, empirical estimates in the literature suggest a much higher unemployment, close to 20 percent,
with even higher estimates for youth employment (Sinha (2013), Mitra and Verick (2013))

46Calibration of substitution elasticity between males and females in home production is the same as the informal
sector, i.e. py = Py.
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Table 2: Calibration of Gender-related Parameters, Baseline model for India

Parameter Value Description
/v 1.2 male’s Frisch elasticity of labor supply
1/ v{e 3.61 female’s Frisch elasticity of labor supply
(171pF) 2.5 substitutability btw male & female formal workers
ﬁ, m 5 substitutability btw male & female informal workers
Sk':”‘; ; ski.””; 1.7 male-to-female skill ratio in employment
skilll. " skill]
A 0.67  bargaining power of male formal worker
A 0.27  bargaining power of male informal worker
l}f 0.46  bargaining power of female formal worker
lf 0.02  bargaining power of female informal worker
[0)3 0.62  male gender bias in formal employment
wy 0.5  male gender bias in informal employment
on 0.7  male utility weight on leisure
ol 0.5 female utility weight on leisure
o 0.7  male utility weight on staying at home
o' 1 female utility weight on staying at home

males, which implies a male-to-female ratio of 1.5. Matching this, we calibrate these ratios at
1.7.

According to the World Economic Forum (2010), females earn 62 percent of the male’s salary

for equal work, which implies a value of 1.62 for tvv—? Setting bargaining values for male

workers at A" = 0.67 and A = 0.27, and for female workers at AL =046 and A/ = 0.02,
Wm

pins down 77 at 1.7. Lower bargaining power of female workers reflects the male domination

of labor unions in India (see union membership data published by the ILO in 2011).
According to the Global Gender Gap Report published by the World Economic Forum (2010),

!

. . L

86 percent of female workers were employed in the informal sector, ——.—, as opposed to 74
Li+L]

percent males, L}’JLT;”L’I" Gender discrimination at the firm level in formal employment is a key
factor contributing to this disparity (Javeed and Manuhaar (2013)). This is captured in our
model via firms’ preference for male relative to female workers, wr and @;. We assume no
gender discrimination in informal employment, i.e. @y = O.S.m By setting @r at 0.62, we obtain

a value of 32 percent for male formality in employment as opposed to 26 percent for

F

f
) L
female formality, —"—.

Li+L)

Household care work, HP" and HP,f , in particular, is widely regarded as especially feminine,
and with the relative utility weight on leisure relative to home-work for males and females at,
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!
is obtained at 1.65%7.

¢, =0.7 and (pl = 0.5, the female to male ratio of home-work, 2+ HP>

According to the NSSO report in 2009-10, female labor force participation rate, f , 15 39.9
percent which is less than half of that of the male labor force participation rate, pm, at 84.8

percent. Combined with the above calibration, we obtain values of P—f at 39.6, and £ p_m at

81.3, by setting the male and female relative weight on utility from staying at home versus
market-good consumption, ¢" and ¢/, at 0.7 and 1, respectively.

4.3. Bayesian Estimation

We estimate the model using Bayesian approach in Dynare. This choice is driven by the widely
recognized advantages of the Bayesian-Maximum Likelihood methodology, which are as fol-
lows*8. First, prior information about parameters available from empirical studies or previous
macroeconomic studies, can be incorporated with the data in the estimation process. Second,
it facilitates representing and taking fuller account of the uncertainties related to models and
parameter values. Third, it allows for a formal comparison between different mis-specified
models that are not necessarily encapsulated in the marginal likelihood of the model. In ad-
dition, there has been a growing trend among central banks to employ Bayesian methods for
conducting policy analysis.

Table 3 summarizes the choice of prior distributions for the estimated parameters. The prior
densities for the estimated parameters are chosen by considering the theoretical restrictions for
the parameters, and empirical evidence. Due to scarce empirical evidence on India, we choose
relatively diffuse priors that cover a wide range of parameter values. The use of a diffuse prior
reduces the importance of the mean of the prior distribution on the outcome of the estimation.

5. Empirical Results

Bayesian estimates for the parameters are summarized in Table 3, along with the 95 percent
posterior confidence band. Looking at price adjustment costs, consistent with the estimates in
Gabriel et al (2010), the estimation indicates that price re- settmg is highest in the informal
sector (q) = 24.15), and lowest for the formal sector ((Z) = 64.54 ). This means that
the fluctuations in the formal sector are more per51stent in response to shocks compared with
the informal sector. Import price rigidity, (pf* , has a posterior mean of 42.44, indicating
that import prices change more frequently in comparison to formal prices, but less frequently
relative to informal prices. Most emerging economies policy-related studies in the literature

47 According to the Times User Survey conducted in 2010, female contribution towards unpaid domestic work
in India is 10 times more than males. This unpaid work includes the inter-personal work for caring for other
household members, and in countries like India with lack of sufficient infrastructure, the work of collecting
water and fuel for household needs.

483ee, for instance, An and Schorfheide (2007).
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do not allow the pricing parameters to differ across the tradable and non-tradable sectors. This
puts a warning sign in interpreting the estimates of price stickiness in the literature.

Estimation results suggest a strong response of the Reserve Bank of India (RBI) to inflation
deviations in the economy (0t; = 3.2) and significantly lesser to output deviations (oy = 0.32),
along with considerable policy inertia (o; = 0.86). The estimates for oy and ¢; are in the range
of previous studies*’, whereas o is estimated to be slightly higher than the previous values
in the literature, that range from 1.5 to 2.9 across different studies®”. This may be the result of
the combined shock-absorbing role of the informal sector and of low skilled female workers,
because of which the RBI needs to be more aggressive in order to stabilize prices.

The persistence of most of the shocks in the economy are estimated to be high ranging from
0.58 to 0.97, with the exception of a few>!. Posterior estimated means for the standard devia-
tion of shocks are significantly higher than the corresponding prior means, which is consistent
with higher business cycle volatility associated with emerging economies.

Overall, we obtain reasonable estimates for the common parameters used in other studies, in
the sense that all of them are statistically significant and most of them are in the range of
estimates in the existing studies on emerging economies relying on Bayesian DSGE models.
Some of our estimates turn out to be away from the prior means, such as for k, q);fdj , 0 j. (l)af /.
and for pz, P, Pg,» Which suggests that the data is quite informative about these parameters.
In addition, robustness checks described in Appendix A indicate that our estimation analysis is
robust to the prior specification, which confirms that our arguments are strongly supported by
the data. However, for some parameters, the data does not provide additional information>?.
We believe that our estimation results should be considered as preliminary estimates, and
further work is necessary to ensure a robust identification of the key gender-related parameters.

6. Policy Results

6.1. Gender-Specific Policies

In this section, we study the dynamic impact of the following gender-specific policies: (i) in-
crease in public provisions (including childcare support); (ii) improvements in female safety
and mobility; (iii) increase in female education; and (iv) stronger enforcement of laws against
employment based gender discrimination. The former two policies lower constraints on fe-
male labor supply, whereas the latter two are targeted towards lowering female labor demand
constraints.

49 Gabriel et al. (2010) and Anand et al. (2010) estimate similar numbers for India.

30The estimates for India range from 0.89 in Anand et al. (2010) to 2.5 in Gabriel et al. (2010). For other
developing countries, it ranges from 1.27 in Castillo et al. (2006) for Peru to 2.6 in Tovar (2006a) for Korea.

>IThese include shocks to female worker skill in formal employment, Pskill» male gender-bias in formal em-
ployment, Pap, and the informal technology shock, pg,, that have posterior means of 0.37, 0.10, and 0.33,
respectively.

>2This does not impact the results of our policy analysis.
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To see how the economy transitions from the initial to the new steady state post-reform, we
consider a permanent shock to the relevant variables. Table 5 summarizes the short run and
long run impact of reforms on aggregate economic activity (i.e. GDP, formality in the labor
market, and unemployment), and on labor market indicators of gender inequality (female labor
force participation, female formality, and gender wage gaps).

Female Labor Supply Reforms

The impact of policies that lower constraints on female labor supply is a combination of its
direct impact on female labor force participation, combined with its indirect impact on the
same through changes in wages and employment in each sector.

(i) Increase in Public Provisions (including childcare)

Home production consists of both childcare and other household activities, where an increase
in public provisions>? lowers the burden of home-work for all individuals in the household,
which is captured by an increase in the home-production technology, 0. Childcare provi-
sions, on the other hand, are assumed to be targeted towards females, which is captured by a
simultaneous fall in q)—lf

le

Figure 3 shows the combined effect of an increase in 6y and a fall in —. An improvement

in public provisions which increases female labor participation by 1.5 percent would lead to
a 1.4 percent gain in GDP. However, it would also increase aggregate unemployment and
informality by 1 and 0.1 percent, respectively, along with widening gender gaps in the same>*.
Below we provide a detailed analysis of the main channels at play.

Higher productivity of home production implies that males and females can consume the same
amount of home goods with lower amount of home-work. Substitution effect leads to an in-
crease in male and female labor force participation in the long run. Childcare support targeted
towards females ((p1 falls) leads to a larger increase in P/, thus lowering gender gap in par-

le
ticipation rates, P,,, Increase in overall labor supply and employment raises GDP. However,
owing to the presence of labor market rigidities, increase in labor supply is not met with an
equal increase in firm hiring, leading to an increase in unemployment, U. In addition, informal
wholesalers hire more workers relative to ones in the relatively rigid formal sector, thus also

reducing overall formality in the labor market, 7=~ + yt

More males relative to females get employed and are able to find formal employment, leading
to a larger fall in female formality in comparison to that for males, which further widens
wage gaps; VV‘(,—? increases. This is due to the higher constraints females face in their access
to decent formal employment, including lower skills and gender-based discrimination against

>3This refers to better water facilities, sanitation development, access to electricity etc.

>4This is induced by a 1 percent increase in 6y and a 5 percent fall in if
Pre
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. f
women. At home, relative burden of females’ home-work, %,

gender equality at home™>.

is now lower, improving

Qualitatively, the short run impacts of policy are similar to the ones in the long run. However,
due to relatively higher rigidities, formal wholesalers increase hiring only gradually over time
which increases unemployment and lowers aggregate, female and male formality by more in
the short run.

Figure 3: Increase in Public Provisions (including childcare)
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Note: The figure shows a percentage deviation from the initial steady state for GDP, while for the rest of the
variables the levels (%) are shown.

(ii) Increase in Female Safety and Mobility

Improvements in safety and mobility of females directly lowers females’ relative disutility
from working outside home, which is captured by a fall in ¢/ in Figure 4.

Qualitatively, the impacts on GDP and labor market indicators of gender inequality are similar
to the ones with the policy of increased public provisions. However, there is an increase in
gender inequality in relative burden of female-to-male home-work, as opposed to a decrease

Slncrease in the relative proportion of female wage income in total household income increases their intra-
household bargaining power, (1 — BF;), leading to females opting out of home-work into market-work and
leisure. Instead, males now substitute out of leisure into market-work and home-work.

0This is induced by a 10 percent fall in ¢/
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with the public provisions reform. Quantitatively, the impacts are now smaller - an improve-
ment in female safety and mobility which increases female labor participation by 1.5 percent
would lead to a 1.15 percent gain in GDP, however, it would also increase unemployment and
informality by 0.5 and 0.2 percent, respectively. Below we provide a detailed analysis of the
exact transmission channels involved.

Figure 4: Increase in Female Safety and Mobility
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Note: The figure shows a percentage deviation from the initial steady state for GDP, while for the rest of the
variables the levels (%) are shown.

Higher female safety and mobility lowers their disutility from working outside home, leading
to a rise in their labor supply, P/. Female labor supply curve shifts out, leading to a fall in
female wages, Wﬁf and W/ , in both sectors. Higher likelihood of finding a job (lower labor
costs increase wholesalers’ labor demand) increases male labor participation, P". Male wages
also fall, but by a smaller amount relative to females’ which widens gender wage gaps; Y/VV_Y:
increases. Increase in overall labor supply and employment increases GDP. However, insuffi-
cient job creation due to rigidities in the labor market lead to an increase in unemployment and
aggregate informality, and given higher constraints on female labor demand, female formality

falls by more.

. ;o .
Home-work burden of females relative to males %, increases as females substitute out of

leisure into market-work and home-work. This is in contrast to what we find with the policy
of increased public provisions, where there is instead a fall in %, as the latter policy directly

targets females’ home-work burden via gender-targeted childcare policy (i.e. a fall in %).

le
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Female Labor Demand Reforms

The impact of policies that lower constraints on female labor demand is a combination of its
direct impact on female employment, and its indirect impact on labor market participation
rates, through changes in wages and employment creation in each sector.

(iii) Increase in Female Education

Figure 5 shows the effect of an increase in the skill level of female workers in both sectors,
skill}c and skilllf . In the long run, an increase in female education which raises female labor
participation by 1.5 percent would raise GDP by 1.25 percent, lower unemployment by 1.75
percent and increase labor formality by 0.9 percent’’. In addition, it lowers gender gaps
in participation rate, formal employment, and wages. In the short run, however, there are
adjustment costs in terms of a fall in female formality and wider gender wage gaps, which
lasts up to 4 quarters.

Figure 5: Increase in Female Worker Skill
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Note: The figure shows a percentage deviation from the initial steady state for GDP, while for the rest of the
variables the levels (%) are shown.

Increase in females’ skill level improves their productivity in the labor market, leading to
wholesalers substituting out male workers for more productive female workers in both sectors.

S7This is induced by a 5 percent increase in both skill}. and skill] .
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More females are hired in the formal relative to the informal sector, thus increasing female
!
formality in labor employment, L—F, in the long run. Instead, we see a fall in the short run
L+

(up to 4 quarters), as higher flexibility of the informal labor market leads to an immediate
increase in female informal employment, as opposed to a gradual increase in female formal
employment over time. Higher job-finding rate increases females’ return from job search,
which increases female labor supply, P/. The positive impact of higher productivity of female
workers on wages outweighs the negative impact of higher female labor supply in the long
run, leading to an increase in female wages, Wlff and Wf , in both sectors. However, female
wages are lower in the short run as the latter effect dominates given slow job creation . Male
participation rate declines due to two reinforcing effects - (i) household income effect: higher
female wage incomes increase total household income, and (ii) substitution effect: fall in male
job-finding rate reduces their return from job search®®. Male labor supply curve shifts inwards,
leading to an increase in their wages in both sectors. Higher aggregate formality and lower

) f )
unemployment boosts GDP in the long run. At home, % falls as females substitute out
of home-work into market-work and leisure, and males on the other hand, substitute out of

market-work and leisure into home-work.

(iv) Lower Gender Discrimination in Formal Employment

Figure 6 shows the effect of a decrease in formal wholesalers’ relative preference for male
relative to female workers in formal employment, wp>°. This corresponds to stronger en-
forcement of laws against gender-based discrimination in employment. Results indicate that
gender equality in the labor market and at home improve, i.e. gender gaps in labor participa-
tion rates, wages, formal employment, and relative home-work burden are reduced. However,
unless accompanied by higher female education, we see a fall in aggregate economic activity,
i.e. GDP and formality are lower in the long run.

With this policy, formal wholesalers are forced to substitute out higher skilled male workers
for relatively lower skilled female workers, increasing female formality. This reduces overall
productivity and profits in the formal sector, which shrinks aggregate formality and worsens
GDP%.

Higher probability of getting formal employment increases females’ returns to job search,
which raises female labor supply, P/.%" In contrast to the female education reform which
leads to an increase in wages of both males and females in the new steady state, we find that
female wages are higher, but male wage rates in both sectors are now lower. This is because
demand for female relative to male workers is higher in the formal sector, increasing W}p while

>8Fall in male informal employment is higher relative to their fall in formal employment, thus increasing overall
male formality, L;’JLTgL’,"

Since informal firms are not regulated, ; remains unchanged.

0This effect is a result of our assumption regarding homogenous male and female workers. Instead, allowing
for heterogeinity in skill level might lead to a different outcome.

1Gonzalez et al. (2015) find that the presence of gender-based legal restrictions are strongly associated with
larger gender gaps in labor force participation.
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lowering Wg'. Female workers move from informal to formal jobs, reducing their supply to

informal wholesalers, which increases Wlf , and vice-versa for males. Male participation, P™,
falls due to two reinforcing income and substitution effects discussed above. Impact at home

follows analogously from the policy of increase in female skill discussed above.

Figure 6: Lower Gender Discrimination in Formal Employment
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Note: The figure shows a percentage deviation from the initial steady state for GDP, while for the rest of the
variables the levels (%) are shown.

To summarize, the above results indicate the following. First, policies targeted towards re-
ducing constraints on female labor supply, directly increase female labor force participation,
reducing gender gaps in participation rates. However, due to labor market rigidities, these
policies are unable to simultaneously generate enough employment creation in the formal sec-
tor, leading to an increase in aggregate informality and unemployment. In addition, given
gender-specific constraints on females’ access to decent formal jobs, it also worsens gender
gaps in wages and informal employment. Regarding gender dynamics at home, increase in
public provisions by directly reducing females’ childcare burden improves gender division in
home-work and leisure, whereas it worsens with higher female safety and mobility. Second,
effects of the two policies targeted towards reducing female labor demand constraints vary. In-
crease in the skill level of females along with reducing gender gaps in participation rates, also
simultaneously leads to adequate formal job creation due to increase in overall formal sector
productivity. Aggregate formality and employment increase, resulting in higher formality in
male and female employment, while also lowering gender gaps in wages and informal em-
ployment. However, female formality in employment falls in the short run. On the other hand,
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unless accompanied by an increase in female education, strengthening firm-based discrim-
ination laws forces firms to hire lower skilled female workers, thus lowering formal sector
productivity, which shrinks formality and GDP in the economy.

Comparing our results to the ones in the gender-based policy literature, the impact on female
labor force participation and GDP is consistent with these studies, both qualitatively and quan-
titatively. However, our framework is additionally able to capture the impact on the female
quality of employment, female unemployment rate, and gender wage gaps, which even though
shown to be empirically relevant, is largely ignored in this theoretical literature.

6.2. Labor Market Deregulation

Figure 7: Labor Market Deregulation in the Formal Sector

3 18 34

36
0 1 16 1
4
=g 20 20 g 20 20 g 20 0
GDP Unemplovnent Farrnality
40 1.75 28
1.7
34 1 27
1.65
g 20 20 g 20 20 g 20 40
Fernale participation ‘Wage gaps Fernale formaliby
1.7 44 38
36
1.65 ‘/ 1 a2 ]
34
1.6 . an . 32 .
0 20 40 0 20 40 0 20 40
Fernaleto+nale horne work hale participakion hdale Farmality

Note: The figure shows a percentage deviation from the initial steady state for GDP, while for the rest of the
variables the levels (%) are shown.

Figure 7 shows the combined effect of a decrease in formal wholesalers’ labor hiring cost,
Brcy, and a fall in the bargaining power of male workers in the formal sector, Bﬁ’@. In the
long run, lower labor regulations that decrease informality by 1.5 percent would increase GDP
by 2 percent and lower unemployment by 1.5 percent, but due to gender related constraints

%2We do not shock the bargaining power of female workers, ,B; , as we already assume a considerably small
value for this due to male domination in labor unions. Thus, even after a 10 percent fall in /", the gender
gap in bargaining power is substantially large.

37



females face in their access to decent formal employment, male workers gain more, leading to
wider gender gaps in formal employment. This combined with the household income effect
lowers female labor participation, which falls by 0.5 percent®. In addition, in the short run,
during the transition to the new steady state, unemployment increases and GDP falls, that lasts

up to 4 quarters post-reform%*.

There are two opposing effects on male and female participation rates, P and P/: (i) substi-
tution effect: increase in job-finding rate in the formal sector produces higher returns to job
search, increasing P/ and P™, and (ii) household income effect: as more household members
are employed in higher paying formal jobs, this increases total household income, which de-
creases P/ and P™. For males, substitution effect outweighs the income effect in the short run,
increasing P™, whereas it decreases in the long run due to stronger income effects. In contrast,
due to a smaller increase in female’s job-finding rate in the formal sector relative to males
(due to gender-related constraints, including education gaps and discrimination by firms), the
household income effect outweighs the substitution effect for females in both the short run

. . .. . . . pf
and long run, decreasing P/. Therefore, gender gaps in participation rates widen; om falls.

Increase in male labor supply, P™, has a negative impact on their wages, whereas decrease in
female labor supply, P/, has a positive impact on female wages, thus lowering gender wage
gaps. At home, a larger increase in aggregate wage income of males relative to females, leads

to a fall in the intra-household female bargaining power, worsening gender division in home-

HP/

work; grpm increases.

6.3. Reform Interactions

Given the above policy outcomes, in this section, we ask the following question: what is
the optimal strategy for implementing gender-specific reforms, one that will lead to gains in
aggregate economic outcomes, and simultaneously improve gender equality in labor force par-
ticipation, wages, and formal employment? We study the impact of implementing a combined
package of reforms. Specifically, we look at three cases: (i) combining a female labor supply
reform with a female labor demand side reform, (i1) combining a female labor supply reform
with a labor market deregulation reform, and (iii) combining two female labor supply side
reforms.

Figure 8 shows the effects of a simultaneous reform package (black solid line) combining im-
provements in female safety and mobility (blue dashed line) with increase in female education
(red dashed line). In contrast to when only the former reform is implemented, which leads to
a fall in female and aggregate formality, higher unemployment, and wider gender wage gaps
in the economy, combining it with the latter reform instead overturns these adverse outcomes.
It helps mitigate the short run fall in female formality associated with the education reform,

%3This is induced by a 5 percent fall in Byc, and By

%4This is consistent with the findings in the literature on market regulations. See, for instance, Blanchard and
Giavazzi (2003), Cacciatore et al. (2012), and Cacciatore et al. (2013), for details regarding the transmission
channels involved.
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Figure 8: Improvements in Female Safety and Skill
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Note: The blue dashed line corresponds to increase in female safety and mobility, the red dashed line
corresponds to the policy of increase in female skill, and the black solid line is the policy impact with a
combination of both policies. The figure shows a percentage deviation from the initial steady state for GDP,
while for the rest of the variables the levels (%) are shown.

while also leading to significantly higher gains in GDP. Better safety and mobility outside
home increases female labor supply, P/, and due to a simultaneous increase in their skills,
which increases female labor productivity, a larger proportion of these females get hired by
formal relative to informal wholesalers, who also pay higher wages. Higher probability of
getting employed and higher wages reinforces the positive impact on female participation,
increasing it by more than when either policy is implemented on its own. Both substitution

and income effect lower male participation, P". At home, increase in female wage income

. HP/

improves their intra-household bargaining power, thus reducing their home-work burden; 7

falls.

Figure 9 shows the effect of a simultaneous reform package (black solid line) combining
the policy of increase in female safety and mobility (blue dashed line) with a labor market
deregulation reform (red dashed line). We find that in contrast to when the former policy is
implemented on its own, unemployment is lower, both female and male formality increases,
and gender wage gaps are lower. Moreover, female labor force participation increases, as op-
posed to a decrease when labor market deregulation policy is implemented on its own. Better
safety and mobility of females outside home, directly increases their labor participation rate,
where these females are now able to find high paying formal jobs, as the formal sector expands
due to lower formal labor market rigidities. This expansion of the formal sector also increases
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Figure 9: Increase in Female Safety and Labor Market Deregulation
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Note: The blue dashed line corresponds to increase in female safety and mobility, the red dashed line
corresponds to the formal labor market deregulation, and the black solid line is the policy impact with a
combination of both policies. The figure shows a percentage deviation from the initial steady state for GDP,
while for the rest of the variables the levels (%) are shown.

male formality in employment, which leads to higher male participation, as their return from
job search is now higher. Thus, GDP increases by more now. Moreover, it also increases in the
short run as opposed to when only the deregulation reform is implemented, however, there is a
larger short run increase in unemployment®. The larger increase in unemployment is caused
by two factors: increase in both male and female participation, and slower creation of jobs in
the formal relative to the informal sector.

Figure 10 shows the effect of a simultaneous reform package combining the policy of increase
in female safety and mobility with increase in public provisions. Since both reforms lower
female labor supply constraints, there is a larger increase in female labor force participation
rate, in contrast to when either policy is implemented on its own. Both policies are associated
with inadequate formal job creation, which reinforces their individual impact resulting in an
even larger increase in informality and unemployment.

Therefore, we find that not all combined policy packages lead to higher gains. In particular,
we find that there is a complementarity in the impacts of policies that lower constraints on
female labor participation and policies that boost formal job creation, leading to gains in both

%SWe find that a combined package of labor market deregulation and female education reform helps overturn
this short run increase in unemployment.
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Figure 10: Increase in Female Safety and Public Provisions
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Note: The blue dashed line corresponds to increase in female safety and mobility, the red dashed line
corresponds to increase in public provisions (including childcare), and the black solid line is the policy impact
with a combination of both policies. The figure shows a percentage deviation from the initial steady state for
GDP, while for the rest of the variables the levels (%) are shown.

gender equality and overall economic activity. Based on the above findings, we suggest that
policies should be designed to prioritize getting females into paid work outside home (i.e.
lower constraints on female labor supply), while at the same time making sure that there are
enough formal job opportunities (i.e. lower labor market rigidities in the formal sector), and
that females have access to these formal jobs (i.e. lower constraints on female labor demand).

7. Conclusion

In this paper, we investigate the interaction between informality and gender inequality in the
labor market. Specifically, we study the impact of a number of gender-specific policies on
female labor force participation, their access to formal employment, gender wage gaps, as
well as on aggregate economic outcomes. To achieve this goal, we build a small open economy
DSGE model by incorporating both gender inequality and informality within our framework.
The model is estimated using Bayesian techniques and applied to Indian data. Our framework
integrates the literature on gender with the literature on labor market rigidities, and is detailed
enough to provide a starting point for studying the impact of various public policies.
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In our model, we have two sectors, formal and informal sector, where informality results from
significantly higher rigidities in the formal sector. Households consist of males and females,
where gender inequality is modeled as various frictions on their labor supply and demand,
which are higher for females relative to males. Using this framework, we investigate the
impact of the following gender-specific policies: (i) increase in female education; (ii) increase
in public provisions (including childcare); (iii) increase in female safety and mobility to work;
and (iv) fall in gender-based discrimination by firms in formal employment. In addition, the
impact of lowering labor market rigidities (i.e. labor market deregulation) in the formal sector,
is also considered.

Our findings carry both good and bad news. First, on the one hand, gender-targeted
policies increase female labor force participation and GDP in both the short run and long
run. On the other hand, however, due to labor market rigidities, gender-specific policies do
not generate sufficient formal job creation. This results in a larger share of these increased
female participants either being employed informally at low wages, or staying unemployed,
which increases aggregate unemployment and informality and further widens gender gaps in
wages and informal employment. The only exception to this is with the policy that increases
female education, which by increasing female workers’ efficiency at work, leads to higher
formal employment of females. In addition, this increase in female efficiency leads to an
expansion of the formal sector engendering an increase in both female and male formal
employment. However, slow reallocation of workers due to labor market rigidities leads to a
fall in female formality and widens gender wage gaps in the short run.

Second, there is an increase in the formal employment of both males and females with a labor
market deregulation reform. However, male workers gain more, as constraints on female labor
supply and demand combined with the household income effect lowers female participation
and lead to a smaller increase in female formality in comparison to males. Finally, we show
that simultaneously implementing gender-based policies that lower constraints on female par-
ticipation combined with policies that boost formal job creation, as opposed to a piecemeal
approach, generates substantial gains in gender equality in participation, formal employment,
and wages along with larger gains in GDP and formality.
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A. Appendix: Estimation Results

Table 3: Prior and Posterior Distributions, Baseline Model (India)

Parameter Description Dist. Prior Posterior
Mean Std. Dev. Mean 95% CB

he Habit B 0.6 0.25 0.3993 [0.3406, 0.4523]

i Price A.C. in F G 50 20 64.546  [60.710, 68.270]

ladj Price A.C.inl G 50 20 24.1511  [20.240, 27.860]
¢jffj Price A.C. in f* G 20 20 42.4417  [38.750, 45.610]
K Cap. A.C. IG 20 20 6.3579 [5.0900, 7.3700]
X Country premium IG  0.002 0.002 0.0009 [0.0007, 0.0010]
o Coef. of i, B 0.75 0.20 0.862 [0.8249, 0.9000]
O Coef. of @ G 3 3 3.2349 [2.8987, 3.5581]
oy Coef. of GDP G 0.4 0.2 0.3246 [0.2821, 0.3675]
Por Pers. of O B 0.75 0.20 09718  [0.9579, 0.9883 ]
Peor Pers. of 6; B 0.65 0.20 0.3301 [0.2731, 0.4147]
PG Pers.of G B 0.75 0.20 0.7886 [0.7050, 0.8782]
PoH Pers. of Oy B 0.65 0.20 0.6989 [0.6493, 0.7559]
PBycr Pers. of Bucr B 0.75 0.20 0.778 [0.6911 0.8604 ]
pym Pers. of A}! B 0.75 0.20 0.5823 [0.5387,0.6232]
PskitlF Pers. of skillf; B 0.75 0.20 0.3745  [0.2661, 0.4862 ]
Pskillt Pers. of skill{ B 0.75 0.20 0.772 [0.7191, 0.8310]
Pys Pers. of ¢/ B 0.75 0.20 0.7348 [0.6879, 0.7835]
Pole Pers. of (p/:, B 0.75 0.20 0.7782 [0.6618, 0.8775]
Poy Pers. of w B 0.75 0.20 0.1056 [0.0671, 0.1544]
[ Pers. of 7* B 0.75 0.20 0.6385 [0.5942, 0.6725]
pir Pers. of i* B 0.75 0.20 0.9492 [0.9232, 0.9751]
sd(€gr) Std. Dev. of 6p IG 0.01 Inf 0.1271 [0.1061, 0.1495]
sd(€g;) Std. Dev. of 6; IG 0.01 Inf 0.0307 [0.0253, 0.0356]
sd (&g Std. Dev. of G IG 0.01 Inf 0.1265 [0.1016, 0.1517]
sd(€opr) Std. Dev. of 6y IG 0.01 Inf 0.0085 [0.0022, 0.0158]
sd(egcr)  Std. Dev. of Bycr  IG 0.01 Inf 0.0103 [0.0023, 0.0208]
sd(gygm) Std. Dev. of A IG 0.01 Inf 0.1121 [0.0933, 0.1316]
sd(&giyr)  Std. Dev. of skillf; IG 0.01 Inf 0.0072 [0.0024, 0.0126]
sd(&gir)  Std. Dev. of skill{‘ IG 0.01 Inf 1.1785 [0.9458, 1.4203]
sd(&yr) Std. Dev. of ¢/ IG 0.01 Inf 0.0093 [0.0023, 0.0169]
sd(€gp1e) Std. Dev. of (p[f: IG 0.01 Inf 0.009 [0.0022, 0.0166]
sd(€pF) Std. Dev. of wi IG 0.01 Inf 0.211 [0.1622, 0.2645]
sd(gg+) Std. Dev. of 7* IG 0.01 Inf 0.02 [0.0024, 0.0208]
sd(gq) Std. Dev. of i* IG 0.01 Inf 0.015 [0.0023, 0.0209]
sd (&) Std. Dev. of i IG 0.01 Inf 0.0084 [0.0074, 0.0096]
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Robustness of the Result

Alternative model

We evaluate the robustness of our estimation result by re-estimating the Baseline model with
alternative and less informative priors. In the alternative model, the uniform distribution is as-
signed to the parameters bounded between 0 and 1, such as k¢, ;, Po, Pskilils p(P /o P> Pyss
PBycr> Pams Pogs Poys PG> Pix, and pr+, instead of beta distributions in the Baseline model®®.
In addition, uniform distributions are also assigned to the monetary policy coefficient on in-
flation, o, which is bounded between 0 and 3. Table 4 compares the priors and the posterior

estimates in the alternative model with the Baseline scenario.

First of all, even though the posterior means of the Taylor rule coefficients ¢; , az, and oy
are smaller in the alternative model, our argument that there is considerable policy inertia, and
that the RBI responds aggressively to inflation deviations and not much to output deviations,
is robust to the change in priors. Second, and our argument that formal price rigidity is higher
than informal price rigidity, and that import price rigidity falls within the range of formal and
informal price rigidity, still holds. Third, the persistence and volatility of shock processes is
estimated to take high values, and thus our third argument that shocks are more persistent and
volatile in emerging economies could be maintained even under the looser prior.

Overall, even though there are some quantitative differences for estimates of some parameters
in the two model specifications, Bayesian estimates are similar across the models. Thus,
our estimation analysis is robust to the prior specification and our arguments are strongly
supported by the data.

% Note that the mean value of these parameters is constrained to 0.5.
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Table 4: Robustness of Result, Alternative and Baseline Model (India)

Param. Alternative Model Baseline Model
Prior Posterior Prior Posterior
Dist. Mean Mean 95% C.I. Dist. Mean Mean
he U 0.5 0.04 [0.02,0.07] B 0.6 0.3993
;fdj G 50 64.6 [61.52,67.43] G 50 64.546
] G 50 1295  [7.08,19.62] G 50 241511
¢qu G 20 40.49 [35.33,43.32] G 20 42.4417
K IG 20 3.86 [3.40,4.32] IG 20 6.3579
X IG 0.002 0.001 [0.0008,0.0012] IG 0.002  0.0009
Q; U 0.5 0.79 [0.74, 0.84] B 0.75 0.862
O U 1.5 2.84 [2.62,3.00] G 3 3.2349
Qy G 0.4 0.05 [0.02,0.09] G 0.4 0.3246
Por U 0.5 0.97 [0.95,0.99] B 0.75 0.9718
Por U 0.5 0.14 [0.09,0.18] B 0.65 0.3301
PG U 0.5 0.55 [0.48,0.60] B 0.75 0.7886
Pox U 0.5 0.76 [0.73,0.79] B 0.65 0.6989
PBycr U 0.5 0.8 [0.62:0.69] B 0.75 0.778
Pom U 0.5 0.79 [0.32,0.49] B 0.75 0.5823
PskillF U 0.5 0.41 [0.74,0.85] B 0.75 0.3745
Pskilll U 0.5 0.80 [0.43,0.59] B 0.75 0.772
Pys U 0.5 0.85 [0.81,0.90] B 0.75 0.7348
Pole U 0.5 0.46 [0.40,0.55] B 0.75 0.7782
Poy U 0.5 0.02 [0.01,0.04] B 0.75 0.1056
Pr U 0.5 0.61 [0.56,0.72] B 0.75 0.6385
Pi U 0.5 0.92 [0.90,0.94] B 0.75 0.9492
sd(€gF) IG 0.01 0.30 [0.25,0.35] IG 0.01 0.1271
sd(€gy) IG 0.01 0.13 [0.11,0.16] IG 0.01 0.0307
sd(gg IG 0.01 0.77 [0.63,0.94] IG 0.01 0.1265
sd(€gg) 1G 0.01 0.017 [0.002,0.022] 1G 0.01 0.0085
sd(€ncr) IG 0.01 3.64 [3.23,4.23] 1G 0.01 0.0103
sd(gym) 1G 0.01 0.07 [0.05,0.09] 1G 0.01 0.1121
sd(eginr)  IG 0.01 0.62 [0.50,0.75] IG 0.01 0.0072
sd (Einr) 1G 0.01 1.02 [0.83,1.20] IG 0.01 1.1785
Sd(€¢f’) 1G 0.01 0.012 [0.002,0.038] IG 0.01 0.0093
sd(€gp1e) 1G 0.01 0.015 [0.002,0.024] 1G 0.01 0.009
sd(€pF) IG 0.01 0.23 [0.18,0.27] IG 0.01 0.211
sd(gq+) 1G 0.01 0.02 [0.015,0.023] IG 0.01 0.02
sd(g¢+) 1G 0.01 5.85 [5.26,6.33] IG 0.01 0.015
sd (&) 1G 0.01 0.018 [0.014,0.021] 1G 0.01 0.0084
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B. Technical Appendix

This Appendix discusses the derivation of the model’s optimality conditions.

Households

Partial Derivatives of Home Production

Here we derive the partial derivatives of home-good production with respect to male and
female home-workers, HP/" and H P,f , and with respect to male and female leisure, /e}" and
lef . We assume the following functional form of the home production function (Eq. 3.45):

1—oy

1/p
HY = 64, { (1~ BR)(HE" + wU)y + (BE)(HE + wU/ H}

In the equation above, the total number of females unemployed can be written as: U,f =
pl - HP,f — lef —Lf;’t —L{J. Similary, for males we get U;" = p™ —HF" —lej" —Lp, — Ly,
Then, differencing the above with respect to H P,f :

SHO (1 — an) O, (BR) [1 + 1] H? [Hptf+’L'UU,f} pr—1

7= 7 7 (B.1)
oHF  (1—-BR)(HE"+wU")P + (BF)(HF + U} )PH
and differencing the above with respect to HFP/" :
OHp (1= ay) 0, (1 = BR) (1 + to) HY [HPY + t U)o (B2)

OHFE" (1 -BR)(HP" + wU;")P + (BR)(HP! + wU] )pu

Partial derivatives with respect to female leisure consumption, / ef is obtained as follows:
DH) (1~ a) O (B [ro) HY | HE + 2y Uf | o .
ole] | (1—BR)(HE"+wU}")u + (BR)(HE! + U/ ) |

and similarly for males:

OHY _ | (1= o) 6s(1 = BR) [w] H) [HE" + Uy P! (B.4)
olel' | (1=BR)(HE" + Ui +(BE)(HF + U ) |
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Partial Derivatives and Marginal Rate of Substitution (MRS)

Here we obtain expressions for the partial derivatives of the household utility with respect
to C;, HP", HP,f ,lef", and le{ which are then used to obtain the MRS of consumption with
respect to home production, MRSH p.c,» and with respect to leisure, MRS" e G-

Aggregate household utility is given by Eq. 3.42 in the text as:

EtZﬁ (BRI + (1= BR)(P)A] |

Inserting for utility of males and females, A} and Af , given by Eq. 3.43 and Eq. 3.44:

( [(BR)(p™) + (1—=BP)(p")] [(1 — he)In(C; — heCi—1)] )

0\ vy ol Viey
+(BR)(p )[(]), <Hljo+(Plet(llj2vm )}

s ol
T 1— BP. f f| #H) + f (e) ’
( D (p7) [¢ <—1+v (Pleft—lJrv[;, J

Partial derivative of aggregate utility with respect to C; is the marginal utility of household
market-good consumption®’

=Ey Y B
1=0

\

oA, [(BR)(P")+(1=BR)(p)](1-h:) 1 (1—h)
oC, C; —h.Cr_; - 2C, —hCi_y

(B.5)

Partial derivative with respect to female home production participation, H Ptf yields Eq. 3.46
in the main text with 4 = f as:
IA IA" IH? oA OH?
f:<BP)( ) 0 f+(1_BP)( ) 0 7
OHP, JH; JHP, JH; JHP:

0
We have derived a(;h;’)f above in Eq. B.1, and the partial derivative of female utility with

t

! 7
respect to home production is given by: 323) = q),f ((H,O)V”J>. Similarly, for males it is:

5 HO = ¢/ ( (H? )v’;}’,> . By inserting these in the above expression, we obtain the following:

(R o ((HO)H:) + (1= BR)(p)o! ((H9):) ]

dA
t [ (1016 (BR)[1+50 Y [HE -+ U | o ] (B.6)

oHP

(1-BR)(HP"+1yU;")PH +(BP,)(HP +ty U/ )i

67We assume p™ = p™ = 1 and from BP, € (0,1), we get [(BP)(p™) + (1—BP,)(p/)] =0.5.
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Analogously, we obtain the partial derivative with respect to male home production labor:

Y \/‘f
on | (@RI () + (1= BR)(P)o/ ((HD)e)].
OHP" ~ (1—0n) 0, (1-BP) 1+ 7 HY [HP" +w U PH (B.7)
(1—BP)(HE"+yU;")PH +(BR)(HF] +1y U] )P

Partial derivatives with respect to female home production participation, lef , yields Eq. 3.47
in the main text with 4 = f as:

IA L OA™ OHO A oA 9HO
L= (BR) (") S o+ (1= BR) (pF) | S+ S L
dle] dH; Jle] dle]  IH; dle]
0
By inserting the expressions for gf’f derived above in Eq. B.3, the partial derivative of female
€
f m
utility with respect to home production as gl—[:’{ = ¢tf (q)l];t(letf )V{“> , and for males as g;:,;n =

o" ((pl”; t(le?”)vﬁvf> , we obtain the following:

@R (ot 1)) + 18! (el )|

dN,
alef - (1—0u1) 8 4 (BP,) [Ty | HP [HPff—FfUUtf]PH*l (B.8)
t (1=BR)(HE"+1y U}")PH +(BR) (HF/ + 7y U] )PH
Similarly, we obtain the partial derivative with respect to male leisure consumption:
le vl
oA, {(Bexpmw (o, (ter)Ter) + (1= BR) (p) 9/ ((pf;t(lef) )} 1,
916;" N (17051.1)91.1’,(17BPt)[,TU]HIO[HH11+TUUtm}pH_1 ( . )
(1=BR)(HE"+1y U")PH +(BR,) (HF +7y U] )PH

The MRS between market-good and home-good consumption for females is given as:

JA dA
MRS! . = ! ( ! )
G (aHP,f ) o,

where % is derived in Eq. B.6 and 3—2: is derived in Eq. B.5. Similarly for males we get:
dA; dA;
MRSHp ¢ =
e () (32)
where =24 is given by Eq. B.7
HPT .B.7.
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MRS between market-good consumption and leisure for females is:

oA oA
MRS, . =22 (—t>
enGi (ale{ >/ aC,
(9/\,

where 1) is determined as Eq. B.8 above. Similarly for males we get:
€

o (OAN [ OA
st~ (G ) (56)
IA

where Jler is derived in Eq. B.9.

Solution to Households’ Utility Maximization

To solve for the households’ utility maximization problem, we first begin by inserting the
following equations in the household budget constraint (Eq. 3.54) described in the text: (i)
market clearing condition for unemployment of males and females, U;” and U,f ; (1) market

clearing conditions for male and female participation, P and Bf ; (ii1) law of motion of male
and female workers in the formal sector (Eq. 3.9 and Eq. 3.10); and (iv) law of motion of

male and female workers in the informal sector, (Eq. 3.11 and Eq. 3.12).

In the household budget constraint the total wage income and unemployment benefits of fe-

males in period 7 is included as:

(1 - TF>W£tL£,t + WI{tL{,t + WUJ<Utf>

The total number of females unemployed can be written as: U,f =p/—H Bf —le

Inserting this above:

(1 - TF)WIJ;L?J + ‘)Vl{tLIf,t + WU,l(Utf>

— (1— 1) (Wg, . WU,,> L, + (W, =Wy L], + Wy, (p' —HP! —1¢])

Substituting for Lét and L{ , with Eq. 3.10 and Eq. 3.12 in the text, we get:
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(1= )W L, + Wi, L, + Wy, (U])

= (1= 10) (WE, ~ W, ) [(1 = or) (1= p(HE)LE, |

+ (1= ) (WL, =W, ) [pHL )P = p(f) (1 =o)L,
+ W, W) [(1 = o) (1= p(a ), |

+ (W}, = Wo) [p(H] )P = p(]) (1= op)L,, |
+WUt(Pf—HPtf—le{)

Female labor force participation, P,f ,1s given by P,f =p/—H P,f — lef , which when substituted
above yields the following:

(1= T )WL L, + W] L+ Wy (U]) (B.10)
= (=) (Wh, = W) (1= or) (1= ptf L, |
+(1_TF>< g;_WUt> (Hz,) [pf—HBf—letf—(l—GI)L{H]

(W, W) [(1= o~ p(E[ )L, ]
+ W, = Wo) | () (b~ HE —tel = (1= 0p)Lf, )]
+WU,z(Pf_HPtf_le{)

Analogously, total wage income plus the unemployment benefits of males in the budget con-
straint is included as:

(1- TF)ngtL%t + Wlir;LZLt + W (U")

which can then be written as:

(1 — )W LE, + WiLT, + Wy (U]") (B.11)
= (1—1r) (W, —Wu,) [(1—0r)(1 = p(HE,))LF,_1]

+ (1—1r) (Wi —Wu,) [(p(HE,) (P" —HP" —lef' — (1 — o)L}, )]

+ (Wi —=Wu,) [(1 = o) (1 = p(H]})LT, ]

+(VVIz_WUI [ H;nz (pm_HPtm_lez _(1_GF)L?¢—1)]

+Wy, [p" —HP" —le)"|
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To solve the households’ utility maximization problem described in the text, we insert Eq.
B.10 and Eq. B.11 derived above in the household budget constraint, and establish the associ-
ated Lagrangian (.%’) as follows:

( [(BR)(p™) + (1 =BR)(p")] [(1=he)in(Ci — heCi 1)) )

I+vy
)

HO lem 1+Vleﬁt
+r) o o (kg o, T )

1+vft f |+V};t
+(1-BR)(p) [cb, <H°’ A )]

1+v}, let 14v]

let

G +RERtBt + Dt - Hﬁz o Hﬁt
—(1 =) (Wi = Wos ) [(1= o) (1= pHE)ILE, |

Ey Zﬁt —(1—1F;) <W£,1t - WUJ) p(HIZ,ZJ p"—HP"—lef' —(1— GI)L;';—I
= _(1 _ TF;) (Wgt —WU,t> p(HIJ;J) pf _Hp[f — le{ — (1 — G’)L{z—l
h | W= W) [p(ap) (PP =1 — (1 = or )L, )

(Wl = Wo) | p(e) (o~ HE —1e] —(1 = or,)Lf, )
—Wy[p" —HP" — le]']
—Wy . (p! — HPf—le{)

14i 1+,
| () (M) memem, - (M)

where A; is the shadow price for the budget constraint in period ¢, i.e. the value in terms of
utility of relaxing the budget constraint at the margin. Differencing the above Lagrangian with
respect to C;, By, and Dy, yields the following first order conditions:

o 1e (1 —he)
[G]: 3C ey A =0 (B.12)
D]: —X&+BE P/tﬂ (1_:1)} =0 (B.13)
1+ (e
B]: —A+BE | Ay ( ) < )] —0 (B.14)
T+ €;

Eq. B.13 and Eq. B.14 imply the evolution of shadow price evaluated in domestic and foreign
interest rate. Combining Eq. B.12 and Eq. B.13 is the Euler equation for domestic bonds
given as Eq. 3.55 in the text, and combining Eq. B.12 and Eq. B.14 derives the Euler equation
for foreign bond holdings given as Eq. 3.56 in the text.

Differencing the above Lagrangian with respect to H Ptf ‘and H P
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ol ( IA, )_%{ (1= ) (WH, =W, ) p(H},) }:o

OHP/ (W], — W) p(HE,) + Wy

- () O 5w |

JHEF (W) — Wy ) p(HE) + W

Combining these equations with Eq. B.12 yields the following first order conditions:

MRS}y, ¢, = (1= ) (Why = Wos ) p(HE,) + W, = Wo ) p(HE,) + Wo,

MRSpip, ¢, = (1 =) (Wgy = Wu ) p(HE;) + (Wi — W) p(HE) +Wo o

which corresponds to Eq. 3.57 for worker 4 described in the text.

Differencing the above Lagrangian with respect to lef and lef":

[e]] - ( oA )—%{ (1=71) <W£I_WU”>p(H£’) }:O

oHP! (W], =Wy )p(HE,) + Wy,

m . Y (1= re) (WES o) PUE) L
e’ - (8HP,’">_A¢{ +(W,F, <Wqu)( 2+W5r }_

Combining these equations with Eq. B.12 yields the following first order conditions:

MRS, ¢, = (1= T:) (WE, = Wos ) pUHE,) + (W], = W ) p(HE,) + Wo

MRS}, o = (1—15;) (Wi — Wy, ) p(HE,) + (W] — W) p(HE,) +Wo s

which corresponds to Eq. 3.58 for worker £ described in the text.

Wholesale Producers

Solution to the Wholesaler Profit Maximization Problem

To solve the wholesalers’ profit maximization problem described in the text, we establish the
associated Lagrangian for the wholesalers in each sector s as follows where [ = ¢ + k:
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P . , : 1=
%;Zes,l (Ks,l—l)% ([ws,l(Sklll;nL’s’?l)px + (1 - ws,l)(Sklll{Lil)ps]l/pS)

frf K f gf

_WY’?}L?,ZI - WsJLs,l —R'Ks —H C??len,l —H Cs,le,l
—/1;”71 ;’fl —(1- O'S)ngl_1 - p(HS'”J)S;"
A (Lh, - (=o)L, —ptr!)s]

s,l

OZ;E =E; Z Pr 14k
k=0

\

where A" and /’LS{ ; are the Lagrangian multipliers for the law of motion of male and female

labor in period 7. Differencing the above Lagrangian with respect to Ks,—1, Ly, L{7 +» Hyp, and

Hsfj . yields the following first order conditions:
PV YW
Ky : RE——=Cy, =0
[ s,l] t Pt Vs Ks,zfl
m PS‘/}; Ysul/ . mL}S??l‘ Ps m m m
[Ls,t] (1= ‘/fs>wS?tL_m(Skllls L_) =W — ;Ls,z +E (Pt,t+1)~s,r+1<1 - GS)) =0
st St
7 P Y L, f : :
st s, . S,
(L, @ (1=wy)(1— ws)?tLT(Skl”sf—t)pS - Wy, — lsf,r —E (Pt,t+17tsj,z+1(1 - Gs)> =0

st )
[Hyy 0 —HC{ + A =0
H],]: —HC,+2],=0

The first condition is the wholesaler demand for capital Eq. 3.25, whereas the second and
fourth conditions combined determine the demand for male labor Eq. 3.26 in the text. Simi-
larly, the third and fifth conditions combined determine the demand for female labor Eq. 3.27
in the text.

Wage Bargaining

We begin by deriving the wages of a female worker (h = f) in the formal sector (s = F'), given
as Wlff ;- In period 7, a worker’s marginal value of being employed in the formal, Vg , and the
informal sector, VI{’, is given by Eq. 3.28 and Eq. 3.30 in the text. By substituting these in

(Vlf{t — V&t>, we obtain the utility gain of an unemployed worker 4 of getting hired in the
formal sector:
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(VA ~VE,) = (1= )Wy = Wu, — MRSl ¢,

( (1_01?)‘/1]?1&1 )
Wm<1 o) p(St )p(HE, 1)
+Eiprii1 1,+1 (1- 1{1) (z+1) ( It—l—l)
%HJ< )(%ﬁ( &%H>mmmm}
\ —Vipe [(1= (St 1)] )

Inserting the worker’s value of not participating in the labor market, VNhPt 41 in period 7 +1
given by Eq. 3.31, we can rewrite the above equation as:

(V,f{t _ Vg,,) — (1= o)Wl — Wy, — MRS}y ¢,

+EiPrr+1

Add and subtract (1 —

(

\

(1 - GF)VI{}H—I
(Vo Vi) [ - otip(st,
(VIhH-I )P(
6@)}

D

Vi) |(=
Vi [(1
Vit (1= o) (1 - p(s

Vlﬁ g1 [(1 o GF>(

S+1)P( IH—I)

1—
( Sti))p(le

)P( Ft+1)

( z—i—l)}
)l )

GF)V <1 on the right hand side in the equation above:

(VA = Vi) = (1= )Wy = W, — MRSl ¢, (B.15)
/ 3\
(1-op) (Vlf"lt+1 _Vg,Hl) [1 p(S?+1)p(HI}~£t+l)}
h h h
— (Vi = Vi) [0 = 0P (St p(H] )|
+EiPr i1 Vll},t+1 [(1 - GF)}

p(Si) (1= p(le}, )]
61@)(1 (S?H)) (let+1)]

+ (VLI} t+1 _Vlg,t+l> [(1 - O-I@)(l
h h
L (Vlet—‘rl VU,z+1) [<1 -

Finally, expressions for wages of male and female workers in the formal sector are derived by
plugging in Eq. B.15 and JI];J = HCIJ;, in the Nash bargaining solution (Eq. 3.34) given in the
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text (for s = F) where k =

m
WEL (1= tp) = —— (1 = T HCP, + Wy,
7 1_)“F,t 7
( [ ARk m
o [1- PSP P (1 - wmcy,
1= w (P(H;nk))HC;nk
— (1 —oF)E, ’
ot o 1 plsp) W
+(1— p(Sp)) plef) MRS, ¢,
| (L= p(S) [1— p(le) — Ty] MRS e,
A
t
Wi, (1= 1p) = —L (1 —2p) (HCE,) + Wy,
_)LF,t
( A, - f
o [ psDetL)| (0 - )HCE,
F,
lf
" o (PUH)HC,
— (L —=OF)Ls § Prk :
+(1 = p(S)) Wy

(t+1):

\

(1 p(sp) [

+(1— p(S))p(le] MRS],
—p(le'}:) - TU} MRS} pc,

4/

(B.16)

(B.17)

Analogously, we derive expressions for informal wages, except that wage income taxes are nil

in the informal sector (77 =

m
]’77; I—Alrr;HC[t—’_WUt
/ r Am T )
i (1= p(Sp) P | HE,
/l
— ot (1= ) (p(HE ) HCE,
—(1=0r)Er | i (1 p(ST) W
(1= p(SP))p (e MRS]: .
|| = ps) [1— pUel) — 1] MRS, |

0), as follows:
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Af
Wi, = I;{f (HC] )+ W, (B.19)
M
( i A/ . . . 1)
L1 p(s]yp(nf,) | HC],
1.k
AL
Fk

o (1= %) (p(H7))HC
+(1 = p(S{))Wo x
+(1=p(S{))plef) MRS}, ¢,
+(1= p(Sp)) |1 = plie]) 7| MRS}jp,

\ L d4

— (1= 0F)E; { Pr

Solution to Retailer Price Setting Problem

To solve the retailer’s profit maximization problem described in the text, we establish the
associated Lagrangian for the retailer j; in each sector s as follows where [ =t + k:

: N
- (P —mey,) (R o+ o)
ogsR =E; Z Pt,t+k(1 — &) : adj P ’(~ ) " 2 7
= 9 ( riUF) 1) (ngl + Q;()

2\ ®Pri (r))

Above MCY = PY /P, is the real marginal cost in period ¢.
Ft = TF; g

Differencing the above equation with respect to Pr; (jr) yields the following first order con-
dition:

() o () (5 e ) ()™ ot

) e ) (o wer) () e |
0 (! - 5) (el )(QF,+Q>

o108 () (P“““F)(PF;;; 1) @+ 0L

As all firms are identical, i.e. Pr; (jr) = Pr;, We can write the above equation as:

( )

%,le?t_gF (%) (PFZI MCI%) QFt
+50 - 8F< ! )(PFt MCFt>QX

F

=9 ~0 (5 p)( 1) (0, +07)

7(Prs—1)

+Pzr+1¢ad] (pF11]F> (PF ><PF1§;: - )(QF,t—O—l'i'Q;(—H) )
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Using Yr; = (OF, +Of)

e (3) (-, ) v
(1-8) 0" (i) (e = 1) () -0
(%) (5 1) O

Rearranging terms:

(1~ ep)Yrs +er ( ) MCY,Yr,
(1—9) - I?dj <n( F] )) ( (11;:: ») 1) (Yr:) =0
—|—Pt,t+l¢;dj <pL> (PFM) ( PF;;;) 1) (Yrs41)

Multiplying both sides by Pg; :

Pra +-(1— &r)Yrs + ErMCYY, Y,
d Na N
(1-8,) §’<”§ ) (%L 1) (Yry) =0
ot (520) (1) ()

Solving for it ylelds

P, adi (T b9
-t (er = 1)(Yr) = erMCHy (Vi) — 0 (Z21) (S = 1) (¥r)
t
T 1 T 1
+Ptt+1¢adj< F;— ) ( F;t; - 1) (YEi+1)

Dividing both sides by (&r — 1)(YF,) results in the price setting equation in the formal sector
given as:

adj

Pr; Ep w 7 TEe\ (TFy
et () (2
R -0 ) x

‘P}L«Zdj < TF 41 > ( TF 41 1) Yrit1
+ Pri+1 - ——
(er—1) T /4 Yr;

Similarly, the informal price equation is obtained as:

P adj
Pro & pyew_ 9 (E) (@ _ 1)
P (8[ — 1) ’ (8[7, — 1) y/

D 7Y (ﬂl,rﬂ) (ﬂl,zﬂ _1) Y141
bt (81— 1) T T Y]}t

The above equations correspond to Eq. 3.41 for sector s in the main text.
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Solution to Capital Producer Profit Maximization

The capital producer invests /; such that its profit is maximized, where Q; is the real price of
capital, resulting in the following profit maximization problem described in the text:

Ptlnv K Ptlnv It 2 P[Inv
max I —— ) K| - I
i O I ( P K K) -1 P

Differencing the above equation with respect to /; results in the following first order condition:

PI ny PI wor PI ny PI nv
1 : AR (LA R D) )
4 Qt{ ) ( B K. )R] B

Rearranging terms gives us the supply of capital determined by:

PtI nv It

Q,=[l—x<

which corresponds to the Tobin’s Q Eq. 3.62 given in the main text.
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