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I. Introduction

Understanding the impact of minimum wages in developing economies is of signi�cant policy

interest, as the minimum wage is the single most commonly enacted labor protection measure

in emerging economies. However, certain features common to developing countries complicate

the analysis, such as a large informal sector 3, non-compliance with minimum wage laws, and

monopsonistic labor markets. In addition, the literature tends to focus on one or other aspect

of labor market outcomes without describing the overall impact of the minimum wage on the

structure of the labor market.

In this paper, we use data from Indonesia to theoretically and empirically investigate the

e�ect of the minimum wage on labor market structure. Indonesia is an ideal case study for this

research question as there has been considerable variation in minimum wages across space and

time. Panel data at the �rm and household level allow us to examine in detail the response of

the economy to minimum wage variation.

We begin by detailing the characteristics of the formal and informal labor markets in Indonesia.

We �nd that that the formal labor market displays evidence of frictions and imperfections in that

(i) most workers �nd jobs through connections such as family and friends, (ii) payments to workers

are often less than the minimum wage, and (iii) there is a signi�cant gap between the average

value of labor productivity and wages paid by �rms. In addition, we �nd signi�cant income

heterogeneity among informal sector workers, many of whom earn more than formal sector wage

earners. This implies that, while some workers are rationed out of the formal sector due to labor

market frictions, others to work in the informal sector voluntarily. These facts suggest that a

model with both frictions and monopsony power is appropriate for thinking about the minimum

wage in developing economies so that, unlike in a competitive labor market, the e�ect of the

minimum wage on formal employment could be positive, as found in Card and Krueger (1994).

3Informal economic activity refers to a business that is not legally registered with the government. These are primarily small,
household-run businesses that often lag in productivity behind formal �rms, which are legally registered.
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We then construct a model economy that re�ects these features of the labor market. We

allow for heterogeneity in �rms' productivity, workers' reservation wages, and �rms' choice of

compliance with minimum wages, all within the Burdett and Mortensen (1998) wage-posting

framework (henceforth the BM model). By accounting for these dimensions of heterogeneity,

our model captures employees' and companies' sorting behaviour in response to minimum wage

increases. The model predicts that a minimum wage hike (i) raises the entire wage distribution,

(ii) decreases economic rents for monopsonistic �rms, (iii) increases non-compliance with min-

imum wage laws, and (iv) may increase or decrease formal sector employment, depending on

parameters.

Next, we test these predictions empirically. Using minimum wages in Indonesia that vary

across space and time, and a sample of both workers and manufacturing plants, we exploit

variation in the minimum wage between geographically proximate districts, to circumvent the

potential endogeneity concern that minimum wage changes might correlate with changes in local

economic conditions. We �nd that a minimum wage hike leads to (i) no clear impact on formal

sector employment, (ii) an increase in the wages earned by formal sector workers, (iii) a reduction

of economic rents for manufacturing �rms, and (iv) an increase in non-compliance with minimum

wage laws.

Finally, to study the aggregate impact of minimum wages, we calibrate the model economy to

match some key statistics of the Indonesian labor market. We �nd that minimum wage increases

lead workers to enter the formal economy in search of higher wages, but also lead �rms to stop

hiring the lowest-productivity workers. All told, we �nd that higher minimum wages tend to

decrease the size of the formal labor market in the calibrated model economy.

Our work contributes to two strands of the literature. First, it contributes to the body of

research devoted to modelling the characteristics of emerging economies' labor markets. While

numerous authors have adapted the BM model to study labour markets in developed economies

(see Cahuc et al., 2006; van den Berg and Ridden, 1998; Postel-Vinay and Robin, 2002; Jolivet et
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al., 2006; Engbom and Moser, 2018), few have included non-compliance and the informal labor

market in the model, features which are arguably essential for developing country analysis. 4

An exception is Meghir et al. (2015), who introduce a �rm's endogenous choice between the

formal sector and informal sector economic activity. Our model di�ers in that it emphasizes

employment status transfers between informal sector self-employment and wage-earning as a

formalization mechanism rather than registration decisions. This is consistent with our analysis

of household behavior, as well as the �ndings of Rothenberg et al. (2016), where many informal

sector businesses do not formally register despite the introduction of a business registration

program, concident with the idea that the main alternative for small businesses is employment,

not formalization. Regarding non-compliance, Ulyssea (2018) and Basu et al. (2010) model

the imperfect compliance of �rms with labor regulations. However, these works do not contain

a mechanism that explains the movement of the entire wage distribution along with minimum

wage, as found by Cunningham (2007) and others.

Another approach extends the Mortensen and Pissarides (1994) model (henceforth the MP

model) to analyze labor market policies in developing economies, such as Zenou (2008) and

Albrecht et al. (2009). The advantage of building on the BM model is that it provides a micro-

foundation for the idea that �rms may have market power in the employment of workers. When

informal sector workers prefer to stay in the informal sector (Radchenko 2014), monopsonistic

�rms in�uences workers' sorting behaviour between the formal and informal sectors. Conversely,

the "outside option" of informal work places limits on �rms' ability to exercise market power in

labor markets.

Second, our study contributes to the debate on how minimum wages a�ect labor market

outcomes in developing countries.5 This literature generally agrees that minimum wage policies

increase wages while decreasing or having little e�ect on formal sector employment. Our model

4For a model with �rms' non-compliance with minimum wage regulations in the U.S. economy, see Eckstein et al (2011).
5See Gindling and Terrell (2007) for Costa Rica; Alaniz et al. (2011) for the case of Nicaragua; Lemos (2007) for Brazil; Dinkelman

and Ranchhod (2012) for South Africa. For Indonesia see Rama, 2001; Del Carpio et al., 2015; Harrison and Scorse, 2010; Alatas
and Cameron, 2008; Comola and de Mello, 2011; Magruder, 2013.
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suggest a reason for this inconsistency: the minimum wage may increase labor supply by bringing

in workers from the informal sector, while decreasing labor demand as some low-productivity

�rms may no longer �nd it worthwhile to hire the lowest-skill workers. As a result, minimum

wages might have di�erent impact in di�erent places due to di�erent labor demand and supply

conditions related to informal sector opportunities. In addition, we contribute to the existing

empirical literature in that we further provide evidence for the e�ect of minimum wages on

employment, occupational choice, wages for di�erent groups of workers, non-compliance, and also

on monopsony indices, thus providing a comprehensive view of the impact of minimum wages. In

particular, the empirical literature that studies the e�ect of minimum wages on economic rents

for employers is sparse, and our results suggest that further research in this direction may be

valuable.

Section 2 introduces the Indonesian labor market�both formal and informal sector, and

minimum wage regulation. In Sector 3, we construct an equilibrium search model that contains

features of formal and informal labor markets documented in Section 2. Section 4 is devoted

to con�rming the prediction of the model empirically: we introduce our identi�cation strategy

and regression results. Section 5 studies the aggregate implications of the minimum wage in

the model economy calibrated to match key statistics of the Indonesian labor market. Section 6

concludes.

2. Facts about Indonesian Labor Markets

We begin with an analysis of the characteristics of the Indonesian labor market and Indonesia's

minimum wage policy.

2.1. Data and de�nitions

We use two data sets for the analysis of the Indonesian labor market during 2000 - 2014. The

�rst data set consists of three separate surveys conducted by the Indonesian Family Life Survey
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(IFLS) in 2000, 2007, and 2014 (�Wave 3,� �Wave 4,� and �Wave 5�). The IFLS covers 83 percent

of the total population living in 13 out of the 27 provinces, primarily on the west side of the

country. IFLS contains rich individual-level information, which allows us to construct individual-

level panel data, and also has various individual-level information that can be used as controls

in the regression analyses. The sample we use for the analysis is comprised of the working

population, ages between 15 and 64 years, during the period from 2000 to 2014. We further

restrict our sample to working individuals whose earnings and household assets are between the

1st and 99th percentile of real income and real value of household assets for each year. This

leaves us with 58,717 valid observations.

Indonesia's National Statistics Agency (Badan Pusat Statistik, BPS) identi�es enterprises as

legal entities if they are registered with the Ministry of Manpower. The IFLS data do not include

identi�ers for the legal classi�cation of labor, so we thus designate wage earners in the private

or public sectors as formal sector workers, in accordance with the previous literature. We regard

the self-employed, casual workers and unpaid family workers as informal sector workers.6

We complement the IFLS data with the Indonesian manufacturing survey (IS). The data span

from 2000 until 2009, and it contains detailed information on a comprehensive set of plant-level

characteristics. The dataset contains information on variables such as wages, the number of

workers hired in production jobs, the number of workers in non-production jobs, total capital

stock, investment, total materials and fuels purchased, and total revenues. We use IS data

to estimate plant-level productivity, which we then use to study labor market imperfections.

Appendix A provides a detailed description of our variable construction.

2.2. Heterogeneity in the informal sector labor market

The literature on informality is vast and diverse, with many controversies over the mechanism
6 ADB Report (2010) documents 95 percent of self-employed workers as informal sector workers and 98 percent of casual workers

and unpaid family workers as informally hired, which we can directly identify from the IFLS survey.
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driving informal economic activity in developing countries. For instance, Harris and Todaro

(1970) and Fields (2005) regard informal sector employment as involuntary, whereas La Porta

and Shleifer (2014) argue that informal �rms are too small to ever register and operate in the

formal sector, and Maloney (1999, 2004) argues that informal sector workers rationally opt into

the informal sector labor market for higher income. De Soto (1989) argues that potentially

productive informal �rms can formalize and survive if the cost of formalization is lowered.

Our IFLS data suggest that Indonesia's informal sector does not �t neatly into a single cat-

egory. For example, IFLS data show little movement between employers with permanent em-

ployees and employers with family workers, which is consistent with Rothenberg et al. (2016),

who document the persistence of informal sector businesses that do not formally register despite

the introduction of a business registration programme. However, a large number of informal

sector �rm owners in the IFLS earn more than formal sector employees, suggesting that some

informal sector business owners prefer to run their own businesses rather than working in the

formal sector.

Table 1 provides information on individuals who work in the formal and informal sectors. The

majority of workers (60 percent) are involved in informal sector employment, and are typically

employed in businesses with fewer than �ve employees. Their educational attainment is lower

than that of formal sector employees, implying that informal sector workers are generally less

productive than formal sector wage earners. However, we also observe considerable overlap

between the informal and formal sectors, although within coarsely de�ned businesses, indicating

that some individuals may choose to change their employment status in response to market

conditions.

Figure 1 displays the ratio of formal versus informal workers by income decile. Whereas

informal sector workers constitute 78 percent of the lowest income decile, we still observe 30

percent of the individuals in the top income decile working in the informal sector. This feature

suggests that even though the informal sector in Indonesia broadly aligns with the viewpoint of La
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Porta and Shleifer (2014), there is still su�cient heterogeneity among informal sector labourers

to support the argument that a sizable portion of informal sector workers choose to remain there

voluntarily.

2.3. Labor market imperfections in the formal sector

IFLS rounds 4 and 5 include useful survey information regarding respondents' methods of job

search. According to Table 2, 48-49 percent of all respondents obtained employment through

friends or relatives, and 48-50 percent of formal sector employees obtained employment through

friends or relatives. In contrast, just 10% of employees obtained positions through job fairs. The

table thus shows that job seekers rely on personal contact rather than a decentralized market for

their job search.

Another form of labor market imperfection that has received much attention in the literature

is labor market monopsony that features worker underpayment. To demonstrate this, we use

IS data and construct several indices of monopsony. The �rst index is the standard measure

of Pigou's E, which is the normalized gap between the value of a worker's productivity and

the wage: E = pF ′(L)−w(L)
w(L)

, where pF ′(L) is �rm's marginal revenue of labor product and w(L)

is wage. With no imperfections in the labor market, pro�t-maximizing employers should hire

workers until the marginal product of labor equals the payment. Thus, a higher value of Pigou's

E suggests that labor market distortions are more severe. However, this traditional method for

diagnosing labor market monopoly is limited by the possibility that wage payment divergence

from the value of the worker's marginal product might be caused by a �rm's output market

power. In other words, when companies mark up their output, markups cause the wage payment

to diverge from the worker's marginal product. (Brooks et al. 2021).

To circumvent this problem, we also use an index proposed by Brooks et al. (2021) which

distinguishes between a company's factor market power on the labor market (called markdown)

and its market power on the goods market (called markup). The main intuition of the method is
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that as long as there is one input for which �rms have no monopsony power, one can construct

an index that distinguish between an output markup and an input markdown by comparing

the ratios of the value of marginal product and the input price across inputs. For instance, if

�rms are price-takers in the material market whereas they have a wage-setting power in the

labor market, the markdown index for �rm i(µi) can be constructed as follows: µi =
µL
i

µM
i

where

µj
i =

θji
αj
i

, j = L,M . Here, θji denotes factor j's contribution on producing output for �rm i, and

αj
i is �rm i's speci�c payment share on factor j. The ratio of labor's contribution to production

and payment, µL
i , indicates �rms' price-setting power on both the good market and the labor

market, whereas the ratio of material's contribution to production and payment, µM
i , re�ects

�rms' price-setting power only on the good market. By dividing the ratio and netting out �rm's

output market power, the constructed index identi�es �rms' monopsony power on labor market.

Within this approach, we follow Brooks et al. (2021) to construct two di�erent monopsony

indexes called the CRS markdown and the CD markdown. The disadvantage of using an index

based on Brooks et al. (2021) is that they assume a speci�c functional form for the production

function and that �rms have at least one input for which they do not have monopsony power. As

an index based on Pigou's E measure has fewer assumptions, we employ both indexes to examine

labor market monopoly and complement each other. In Appendix B, we detail the construction

of di�erent monopsony indexes.

The variables included in our regression study with IS data, including the market distortion

indices, are summarised in Table 2. Almost every �rm employs laborers for production-related

tasks, while around 11 percent of �rms do not use employees for non-production-related tasks.

The number of �rms reporting wage payments for non-production workers is even less than that

of �rms reporting non-production worker hiring. We cannot distinguish whether this discrepancy

came from non-payment hiring or simple omission. Thus, when estimating monopsony indices,

we do not impute values for omitted values in wage payment for non-production employees;

instead, we use the available sample to estimate monopsony indices separately for production
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and non-production workers. We observe signi�cant outliers among our estimates of monopsony

indices, even after winsorizing the 3 percent on both sides. Thus, we reduce the impact of

potential outliers by using normal logarithms of the indices.

2.4 Minimum wage and non-compliance

In Indonesia, a minimum wage has been enacted since 1970, though it was rarely enforced until

Western trade partners put pressure on the Indonesian government in the 1990s (See Harrison

and Scores (2010) for a more detailed discussion). The Asian crisis of 1998 contributed to the

fall of the Suharto government, which was followed by the decentralization laws of 1999 which

allowed each provincial government to make independent policies, including the determination

of minimum wage rates. Since then, the level of the minimum wage has been set and annually

updated in discussions among provincial tripartite wage councils - including representatives of

the Ministry of Manpower, local employers, and unions.

The process of setting minimum wages is mostly based on negotiation and is weakly linked to

technical assessments of the cost of living increases. Although the technical basis for calculating

the cost of living for workers exists as an input for determining minimum wages (Kebutuhan

Hidup Minimal, KHL), the in�uence of the KHL on minimum wages was relatively small in

practice. The negotiation-based procedure brought large variations in minimum wages across

provinces (Figure 2A-D). Especially during 2013, relative to the years between 2006 and 2012,

when the minimum wage grew by 7.6 percent per year on average, unions were more successful in

their negotiations to raise local minimum wages - for example, there was a 43.7 percent increase

in Jakarta and 49.7 percent in East Kalimantan.

It is almost a stylized fact that the minimum wage is quite close to the median wage in

developing countries, and Indonesian data also demonstrates this feature. Table A.2 in Appendix

A records the ratio of the minimum wage to the median of full-time wage, part-time wage, and

pro�t by province and year. The table indicates that the minimum wage ranges from 80 percent
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to 85 percent of wages of full-time workers across the years. It also shows that the income gap

between full-time wage earners and the rest of workers has been widening across years, which may

be attributed to the increase in the minimum wage that only applies to formal sector full-time

workers. Figure 3A illustrates this point from another angle. The graph is the kernel density

for the wage income distribution and the pro�t income distribution, respectively, where the

distributions are normalized by the minimum wage. It is striking to observe that the normalized

wage density curve is relatively stable across the years, even though there has been a rapid

increase in the real minimum wage (Fig. 1). The stability of the normalized kernel density shows

that the wage distribution has been moving alongside the minimum wage.

Another signi�cant feature regarding the minimum wage is the non-compliance ratio. The

Manpower Law requires all employers to pay minimum wage to full-time employees. If employ-

ers fail to pay minimum wage, the Manpower Law stipulates that employers face imprisonment

between 1 and 4 years and a �ne between Rp 10,000,000 and 400,000,000. Despite the high

penalties, we observe from IFLS data (Fig. 3A) that the ratio of full-time formal sector workers

who earn a sub-minimum wage is about 43 - 47 percent. Figure 3B also illustrates the serious-

ness of non-compliance from IS data. The graph shows the distribution of the mean wage for

manufacturing �rms, and we observe 40 percent of manufacturing �rms' average wage payment

is below the minimum wage. Table A.3 in Appendix A illustrates the non-compliance rate with

minimum wage regulations by (i) �rm size and (ii) worker education level using a sample of

full-time formal sector workers. Consistent with the literature, large �rms tend to comply more

with minimum wage regulation as large �rms are likely to be more productive. Likewise, people

with high education tend to receive more than the minimum wage, as they are more skilled.

Given the severity of de-jure penalties, one might question the causes of the prevalence of non-

compliance. Santoso and Hassan (2013) discuss extensively the implementation of the minimum

wage law in Indonesia. De facto, they document that criminal penalties are almost never enforced.

Instead, when such violations are detected, the remedy in practice is to compensate workers for
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their underpayment. The reason is that criminal penalties could negatively impact the operation

of the business, which itself is a negative outcome from an economic and policy perspective.

Our theoretical framework will model enforcement in this manner: �rms found in violation of

minimum wage laws are obliged to provide the minimum wage to their workers.

To sum up, we uncover the following stylized facts about the Indonesian labor market: (i) a

sizable informal economy with signi�cant heterogeneity in pro�t income among informal sector

workers, (ii) monopsonistic behavior of employers, (iii) the minimum wage close to the median

wage, and (iv) imperfect compliance with minimum wage regulations. These features of labor

markets are prevalent in other developing countries, motivating the development of a structural

model that features the mechanism through which the minimum wage a�ects the overall labor

market in a manner that embodies these features.

3. Equilibrium Model

We now develop a model economy that incorporates the key features of the labor market

underlined in the previous section. To capture the monopsonistic behavior of �rms, our model

extends the Burdett and Mortensen (1998) framework by allowing for heterogeneity in �rm

productivity, in worker productivity, and also in the workers' outside option: informal sector

income. The BM model provides a theoretical foundation for monopsony power even when there

is no dominant player in the labor market, using frictions. We combine this model with Basu

et al. (2010) by punishing �rms that do not comply with the minimum wage, in case they are

detected. Finally, we follow Engbom and Moser (2018) by introducing a segmented labor market

by formal labor-market skill level. These features capture the �ndings that there are both formal

and informal markets, that there is heterogeneity in earnings potential in both, that there are

labor market frictions rationing formal jobs, that some agents may remain informal by choice,

that �rms do not pay the marginal product, and that compliance with minimum wage laws is

imperfect.
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3.1. Environment

We study a stationary economy in continuous time. The measure of workers in the labor

market z is indicated by mz, whereas the measure of employers is normalized to 1.

For the following discussion and problem of the �rm, we require some de�nitions. Firms may

choose to o�er a wage ω to a worker. However, if ω is below the minimum wage, this is detected

with probability κ, in which case the worker must pay the minimum wage ωmin. Alternatively, in

the case that �rms who pay below minimum wage get monitored by the authorities, they should

transfer the di�erence, ωmin − ω, to the workers. As a result, it will be convenient to de�ne

the expected earned wage, ω̃ = ω + κmax{0, ωmin − ω}. It is the expected wage that determines

a worker's behavior regarding a particular job o�er. Similarly, it is the expected wage that

determines �rms' expected pro�ts. If nz is the number of workers hired by the �rm with skill z,

we see that expected punishment κ(ωmin − ω)nz(ω̃), increases with the enforcement intensity, κ,

the gap between the minimum wage and the o�ered wage, ωmin − ω, and the employment level

at labor market z, nz.

Note that the minimum wage increase may not a�ect the equilibrium expected wage distribu-

tion in some labor market z if the minimum wage and its enforcement rate are su�ciently low.

As one can see, worker's expected wage ω̃ = ω+κmax{0, ωmin−ω} can be targeted by the �rm's

wage o�er, ω; �rms can respond to a minimum wage change by adjusting the o�er ω so as to

generate the same expected wage payment, ω̃. Minimum wages will have a real e�ect in market

z only when the increased minimum wage and the penalty are high enough that the least pro-

ductive �rm (lowest paying �rm) participating in the labor market is forced to pay κωmin, even

though it could attract workers at some wage below κωmin. In this case, all the o�ered wages are

a�ected in equilibrium as �rms in the labor market are engaged in monopsonistic competition

(Burdett and Mortensen (1998)).
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3.2. Workers

Workers are risk-neutral. They may be (i) current employees in the formal sector, or (ii)

workers in the informal sector. 7

Workers di�er in their formal ability level, z,and their informal earnings potential x. Worker's

ability, z, is distributed as T (·) over support [z, z], and Hz(x) denotes the proportion of workers

in the labor market, z, whose opportunity cost of employment, i.e. earnings in the informal

sector, is no greater than x. Informal earnings potential x is the worker's outside option. This

may di�er from di�ers from the worker's reservation wage, Rz(x). De�ne Dz(Rz(x)) as the

proportion of workers in the labor market, z, whose reservation wage is no greater than Rz(x).

We assume that informal productivity x, is positively related with his ability as an employee; if

z1 < z2, then Hz1(x) ⪯FOSD Hz2(x). We show Hz(x) = Dz(Rz(x)) in the Appendix C.1, and

thus, Dz1(Rz1(x)) ⪯FOSD Dz2(Rz2(x)), if z1 < z2.

The labor market is segmented by z. Workers with ability z are allowed to search wage earning

jobs only in the corresponding labor market (also labeled z), and �rms decide in which labor

markets they will search for workers and what wages to o�er in each. Search is a random process

as workers do not direct their search towards speci�c �rms. Workers maximize their lifetime

income discounted at rate ρ.

Individuals receive job o�ers according to a Poisson process with arrival rate λs
z where s = i, e.

Let λi
z denote the arrival rate for the informal sector laborer, and λe

z be the arrival rate for

those currently working in the formal sector. We assume that the instantaneous job arrival

rate for hired workers in the formal sector (λe
z) are the same. However, given that �rms with

di�erent productivity may o�er di�erent wages, workers face a non-degenerate wage distribution

- including wage o�ers that may be above, equal to or below the minimum wage.

Firms strategically post wage o�er ω in each labor market z with consideration of their ex-
7Unlike the original BM paper, we do not make the assumption for the unemployed workers in our model. In the IFLS sample,

people who can be treated as unemployed are those whose primary activities during the past week involved searching for a job. In
our sample, these people are less than 1 percent among the respondents, whereas more than half are in the informal sector.
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pected wage payment, ω̃, other �rms' wage post, and distribution of reservation wage, Dz(Rz(x)).

We de�ne the distribution of the �rm's expected wage payment as Fz(ω̃).
8 Formal sector jobs

will be terminated exogenously with δz ratio, or endogenously by laborers moving ahead to the

better paying formal sector jobs. Let Sz(x) be the value function of an agent with ability z who

works in the informal sector whose outside option is x, and Wz(ω̃, x) be the value function of that

agent when working in the formal sector with an expected earned wage, ω̃. The worker receives

x in case he chooses to work in the informal sector. Then the following Bellman equations can

be formulated.

(1) ρSz(x) = x+ λi
z

� ωz

ωz
max{Wz(y, x)− Sz(x), 0}dFz(y)

(2) ρWz(ω̃, x) = ω̃ + λe
z

� ωz

ω̃
(Wz(y, x)−Wz(ω̃, x))dFz(y) + δz[Sz(x)−Wz(ω̃, x)]

where ω̃z and ω̃z denote highest and lowest wage payment in the labor market z accordingly.

From these equations the reservation wage can be derived as follows:

(3) Rz(x) = x+ (λi
z − λe

z)
� ω̃z

Rz(x)
1−Fz(y)

ρ+δz+λe
z(1−Fz(y))

dy

As Wz(ω̃, x) is increasing in ω̃ whereas Sz(x) is independent of it, there is a unique reservation

wage, Rz(x), such that Wz(ω̃, x) ≷ Sz(x) as ω̃ ≷ Rz(x). The decision rule of agents is to become

a wage-earner in the formal sector if ω̃ > Rz(x), and remain self-employed if ω̃ < Rz(x).

Now, we de�ne the steady-state measure of the informal sector and the labor supply. Let
Iz(Rz(x)|Fz) denote the steady-state number for informal sector workers in labor market z whose
reservation wage is less than or equal to Rz(x), conditional on the wage o�er distribution Fz. As

δz
δz+λi

z [1−Fz(Rz(x))]
denotes the rate of in�ow to the informal sector at the steady state for workers

whose reservation wage is Rz(x), we can write Iz(Rz(x)|Fz) as

8The wage package for legally hired workers and illegally hired ones can di�er in di�erent dimensions other than �nancial remu-
neration. For example, it is often the case that formal sector workers receive bene�ts such as insurance subsidies. We address this
di�erence in bene�ts by de�ning the wage as the entire monetary compensation for the worker. The wage is after tax (if it is levied)
but before social security deductions. Social security is considered part of their compensation as it entitles them to a pension and
health bene�ts.
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(4) Iz(Rz(x)|Fz) =
� Rz(x)

Rz

(
δzmz

δz+λi
z [1−Fz(y)]

)
dDz(y)

where Rz denote the lowest reservation wage for workers with ability z, Rz = Rz(x). For

the further discussion, we also denote highest reservation wage for workers with ability z as

Rz = Rz(x). Let the steady-state number of workers employed with a wage no greater than ω̃

be given by Gz(ω̃)(mz − Iz), where Iz = Iz(Rz|Fz) is the total ratio of informal sector workers,

and Gz(ω̃) is the distribution of earning among formal sector workers whose ability is z. At the

steady-state, the �ow of workers leaving employers o�ering a wage no greater than ω̃ equals to

the �ow of workers returning to such employers,

(5) (δz + λe
z(1− Fz(ω̃))Gz(ω̃)(mz − Iz) = λi

z

� ω̃

Rz
(Fz(ω̃)− Fz(Rz(x)))dIz(Rz(x)|Fz)

where Fz(ω̃) − Fz(Rz(x)) represents the share of workers whose reservation wage is Rz(x)

who will accept an o�er less than or equal to ω̃, and dIz(Rz(x)|Fz) measure of informal sector

workers with reservation wage Rz(x). From (4), we have [1 + ki
z(1− Fz(Rz(x)))]dIz(Rz(x)|Fz) =

mzdDz(Rz(x)). We can now express (5) as follows:

Gz(ω̃)(mz − Iz) =
kiz

� ω̃
Rz

(Fz(ω̃)−Fz(y))dIz(y|F )

(1+kez(1−Fz(ω̃))
= kizmz

(1+kez(1−Fz(ω̃))

� ω̃

Rz

(Fz(ω̃)−Fz(y)
(1+kiz(1−Fz(y))

dDz(y)

From this expression, we use integration by parts to derive

� ω̃

Rz

(Fz(ω̃)−Fz(y))
(1+kiz(1−Fz(y)))

dDz(y) =
� ω̃

Rz
Dz(y)

(
1

(1+kiz(1−Fz(y))
+ kiz(Fz(ω̃)−Fz(y))

(1+kiz(1−Fz(y))2

)
dFz(y).

The steady-state number of workers earning a wage in the interval [ω̃− ϵ, ω̃] is represented by

dGz(ω̃)(mz − Iz), while dFz(ω̃) is the measure of �rms o�ering an expected wage payment, ω̃, in

the same interval. Thus, the measure of workers per �rm o�ering a wage, ω̃, at the steady state

can be expressed as
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(6) nz(ω̃|Fz, Dz) =
(mz−Iz)dGz(ω̃)

dFz(ω̃)
= kizmzDz(ω̃)

(1+kiz(1−Fz(ω̃)))(1+kez(1−Fz(ω̃)))

3.3. Firms

There is a continuum of heterogeneous �rms whose idiosyncratic productivity, p, is drawn from

the distribution Γ. Let Z be the set of labor markets where �rms operate. Firms join multiple

labor markets, z ∈ Z, with di�erent wage posting strategies, considering the level of minimum

wage, the enforcement rate and the distribution of worker's reservation wage. Firms commit to

paying a wage ω for the remainder of the match. They operate a linear production technology

combining nz workers from each labor market z to produce �ow output. Then, �rm output is:

y(p, {nz}z∈Z) = p
�
z∈Z znzdz

Entrepreneurs maximize their aggregate pro�t by maximizing pro�t πz in each labor market

separately.

(7) πz = maxω̃≥κωmin,Rz
{(pz − ω̃)nz(ω̃|Fz, Dz)}

where nz(ω̃|Fz, Dz) is the labor hired at wage ω̃, given Fz and Dz. In other words, employers

decide wages in each segmented labor market to maximize (7), considering the expected wage

payment distribution, Fz(ω̃), the distribution of reservation wage for the workers, Dz(Rz(x)), and

the measure of workers available with expected wage ω̃ in labor market z, nz(ω̃|Fz, Dz), which

is derived in equation (6). As discussed earlier, imperfect monitoring of the minimum wage law

will create pro�table opportunities for �rms to ignore the regulations and hire uno�cially. For

instance, if the lowest reservation wage Rz is less than minimum wage ωmin, some employers may
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hire workers with a sub-minimum wage, as illegal wage is still greater than worker's reservation

wage. However, imperfect monitoring still works to enforce an e�ective expected minimum wage

κωmin so that all employers are expected to pay more than κωmin.

3.4. Equilibrium

The stationary search equilibrium is a set of reservation policies functions {Rz(x)}z∈Z,x∈H ;

wage o�er distributions {Fz(ω̃)}z∈Z ; �rm sizes {nz(ω̃)}z∈Z ; self-employment rates {Iz(Rz(x))}z∈Z,x∈H

such that given ωmin and κ,

1. Worker optimality: Given x,z,ω, κ,Fz(ω̃),and Rz(x), workers set reservation policies,

{Dz(Rz(x))}z∈Z,x∈H , that solve their occupational choice.

2. Entrepreneur optimality: Taking Fz(ω̃) as given and knowing Dz(Rz(x)), k
i
z, k

e
z, and mz,

the wage policies in each market solves the entrepreneurs' problem.

3. Labor market consistency: The self employment rates in labor market z are consistent with

Iz(Rz|Fz) =
� Rz

Rz

(
δzmz

δz+λi
z [1−Fz(y)]

)
dDz(y).

4. Aggregation: The wage distribution in each segment of the labor market will be determined.

3.5. Equilibrium characterization

The critical characteristics of the equilibrium wage and the employment in our model closely

follows Burdett and Mortensen (1998) and Engbom and Moser (2018). We feature some of the

characteristics below.

Proposition 1: In the given labor market z, workers in the more productive �rms earn higher

wages than workers in the less productive �rms.

Proof : Let ω̃1 and ω̃2 be the equilibrium wage of the �rms whose productivity is p1 and p2

accordingly. Assume that p2 > p1. Then,
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(p2z − ω̃2) kizmzDz(ω̃2)
(1+kiz [1−Fz(ω̃)])(1+kez [1−Fz(ω̃)])

≥ ((p2z − ω̃1) kizmzDz(ω̃1)
(1+kiz [1−Fz(ω̃1)])(1+kez [1−Fz(ω̃1)])

> (p1z − ω̃1) kizmzDz(ω̃1)
(1+kiz [1−Fz(ω̃)])(1+kez [1−Fz(ω̃)])

≥ (p1z − ω̃2) kizmzDz(ω̃2)
(1+kiz [1−Fz(ω̃)])(1+kez [1−Fz(ω̃)])

⇔ (p2 − p1)z
kizmzDz(ω̃2)

(1+kiz [1−Fz(ω̃)])(1+kez [1−Fz(ω̃)])
> (p2 − p1)z

kizmzDz(ω̃1)
(1+kiz [1−Fz(ω̃)])(1+kez [1−Fz(ω̃)])

⇔ ω̃2 > ω̃1

Q.E.D.�

As Bontemps et al. (2000) proved, this property is also satis�ed for the case of continuous

productivity of employers, and there is a unique equilibrium wage associated with each produc-

tivity type. This implies that the market distribution of wage o�ers is a transformation of the

underlying distribution of employer productivity. Let us de�ne Jz(p) that corresponds to the

equilibrium wage distribution; Fz(ω̃
∗(p)) = Jz(p), where ω̃∗(p) is equilibrium wage that corre-

sponds with �rm with productivity p. Then Jz(p) is interpreted as the proportion of employers

with productivity no greater than p.

Given that there is a one-on-one matching between �rm's productivity and the equilibrium

wage distribution, the proportion of workers whose reservation wage is no greater than ω̃∗,

Dz(ω̃
∗(p)), can be also expressed in terms of the �rm's productivity. Assume Jz(p) is continuous

and di�erentiable with support [p, p]. From Fz(ω̃
∗(p)) = Jz(p), we can derive ω̃

∗
z(p) = F−1

z (Jz(p)).

We substitute this into Dz(ω̃
∗
z(p)), so that Dz(ω̃

∗
z(p)) = Dz(F

−1
z (Jz(p))) = (Dz ◦ F−1

z ◦ Jz)(p) =

Qz(p). Thus, Qz(p) refers to the proportion of workers that a �rm with productivity p can

attract. Thus from Fz(ω̃
∗
z(p)) = Jz(p) and Dz(ω̃

∗
z(p)) = Qz(p), we can derive the following:

F
′
z(ω̃

∗
z(p))ω̃

∗′
z (p) = J

′
z(p) and D

′
z(ω̃

∗
z(p))ω̃

∗′
z (p) = Q

′
z(p). As all wage o�ers must be at least as

great as the lowest reservation wage, Rz, only employers with productivity pz ≥ Rz can make a

pro�t and participate in the labor market z. Hence without loss of generality, we infer p =
Rz

z
and

p ∈ (
Rz

z
, p]. Now we can derive the equilibrium wage associated with the employer's productivity

(Equation (9)) from the producers' pro�t maximization problem (Equation (8)). The details of

derivation are discussed in Appendix C.2.
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(8) π(p, z, ω̃|Dz, Fz) = Maxω̃ {(pz − ω̃)nz(ω̃)} =
{
(pz − ω̃) kizmzDz(ω̃)

(1+kiz(1−Fz(ω̃)))(1+kez(1−Fz(ω̃)))

}

Proposition 2: Suppose there is an unique equilibrium solution, F ∗
z (ω̃), to the wage posting

game for all p ∈ [b, p]. Then there exist an equilibrium earned wage correspondence, ω̃∗
z(p), that

maps underlying �rm productivity to the wage o�er, which can be derived as (9):

(9) ω̃∗
z(p) = z

[
p−

� p
Rz
z

(1+kiz(1−Jz(p)))(1+kez(1−Jz(p)))Qz(y)

(1+kiz(1−Jz(y)))(1+kez(1−Jz(y)))Qz(p)
dy

]

Proof : See Appendix C.2.

We can see equilibrium wage is determined by worker productivity, �rm productivity, �rms'

relative competitiveness in labor market z, and wage posting strategies by other participating

�rms in labor market z. To understand this clearly, let us rede�ne equation (9) as ω̃∗
z(p) =

z
[
p−

� p
Rz
z

Az(p)/Qz(p)
Az(y)/Qz(y)

dy
]
where Az(p) is de�ned as (δz + λi

z(1− Jz(p))) (δz + λe
z(1− Jz(p))). Note

that Az(p) captures the job loss due to �rms' relative incompetance in the labor market z, and

∂Az(p)
∂p

< 0 shows that the amount of job loss decreases for high productivity �rms. As Qz(p) is

the proportion of workers attracted to work for employer whose productivity is p, Az(p)
Qz(p)

captures

the ratio of lost workers to attracted workers for �rms with productivity p.

Now from ω̃∗
z(p) = z

[
p−

� p
Rz
z

Az(p)/Qz(p)
Az(y)/Qz(y)

dy
]
, we can �rst study for the change in equilibrium

wage in response with change in Rz. It is straightforward to derive ∂ω̃∗
z (p)

∂(Rz)
= Az(p)/Qz(p)

Az((Rz/z))/Qz((Rz/z))
>

0. The result shows that as least productive �rms in this labor market become more produc-

tive, wage posting strategies for all the remaining �rms get a�ected positively in equilibrium

(Burdett and Mortensen (1998)). Note that equilibrium wage growth in response to reservation

wage change
(

∂ω̃∗
z (p)

∂(Rz/z)
= Az(p)/Qz(p)

Az((Rz/z))/Qz((Rz/z))

)
can be interpreted as the ratio of �rms' retaining

probability. Firms with high p can attract and retain workers so that Az(p)/Qz(p) will be low.
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The least productive �rm with productivity p = Rz/z cannot initially attract many workers and

cannot retain them so that Az(Rz/z)/Qz(Rz/z) will be high. As such, the relative productivity

of �rms in this equilibrium a�ects to the equilibrium wage. If the gap between p and Rz/z

is high, then small increase in Rz/z would not change eqilibrium wage posting. However, if

the gap between p and Rz/z is small, then the productivity of the least productive �rms be-

comes a real threat, and �rms with p will increase equilibrium wage posting even higher. This

point can be made clear by deducing the second derivative with respect to reservation wage,(
∂

∂ω̃∗
z (p)

∂(Rz/z)

∂(Rz/z)
= Az(p)

Qz(p)

Q
′
z(Rz/z)Az(Rz/z)−Qz(Rz/z)A

′
z(Rz/z)

[Az(Rz/z)]
2 > 0

)
, and ω̃∗

z(p) is the convex function of Rz.

Proposition 3: A minimum wage hike increases wages in any labor market z where
Rz ≤ κωmin.

Proof :

∂ω̃∗
z (p)

∂ωm
=

[
κ

(1+kiz(1−Jz(p)))(1+kez(1−Jz(p)))

(1+kiz(1−Jz(
κωm

z
)))(1+kez(1−Jz(

κωm
z

)))

] [
Qz(κωm

z )
Qz(p)

]
> 0

Q.E.D.�

Thus, for the labor market z that minimum wage binds (Rz ≤ κωmin), the equilibrium wage

earning distribution Fz is stochastically increasing in κωmin.

Proposition 4: A minimum wage hike increases employment by the �rms whose productivity

is greater than κzωmin

z
in the labor market z

(
p > κzωmin

z

)
, while it pushes out �rms from the

market whose productivity less than κzωmin

z
,
(
κzωmin

z
> p

)
. 9

Proof : Let us denote ω̃∗
z(p) in equation (9) as ω̃∗

z . From equation (6) and Proposition 3, we

can deduce the following equation for the �rms who still remain in the market (whose

productivity p is greater than κzωmin

z
):

9One can look at this from the �rm's viewpoint: a �rm with productivity p will post wages in all labor market z that satisfy

z > κzωmin
p

, while �rms would not consider of joining labor market whose productivity less than κzωmin
p

,
(

κzωmin
p

> z
)
.
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∂nz(ω̃
∗
z )

∂ωmin
=

ki
zmzD

′
z(ω̃

∗
z )(1+ki

z(1−Fz(ω̃
∗
z )))(1+ke

z(1−Fz(ω̃
∗
z )))+ki

zmzDz(ω̃
∗
z )

[
ki
zF

′
z(ω̃

∗
z )(1+ke

z(1−Fz(ω̃
∗
z )))+ke

zF
′
z(ω̃

∗
z )(1+ki

z(1−Fz(ω̃
∗
z )))

]
(1+ki

z(1−Fz(ω̃∗
z )))2(1+ke

z(1−Fz(ω̃∗
z )))2

∂ω̃∗
z

∂ωmin

From proposition 3, we know that the minimum wage increase a�ects the whole wage dis-

tribution in a �rst-order stochastically dominant way, thus ∂nz(ω̃∗)
∂ωmin

> 0 for �rms whose produc-

tivity is greater than κzωmin

z

(
p > κzωmin

z

)
. This portion of increased employment is due to the

decrease in the ine�cient informal sector workers whose wages were less than the reservation

wage even though their contributions to the employers' revenue exceed the opportunity cost of

employment. Note that total employment e�ect of minimum wage is ambiguous as there is a

disemployment e�ect due to pushed-out �rms. We can compare the aggregated amount of em-

ployment due to minimum wage increase. Equation (10) and (11) are aggregated amount of

formal sector workers without/with minimum wage. If we de�ne ω̃sup1
z = sup{ω̃∗

z(p)|p ∈ Γ} and

ω̃sup2
z = sup{ω̃∗

z(p)|ωmin, p ∈ Γ}.

(10)
� z

z

� ω̃sup1
z

Rz
nzdFz(y)dT (z) =

� z

z

� ω̃sup1
z

Rz

ki
zmzDz(y)

(1+ki
z(1−Fz(y)))(1+ke

z(1−Fz(y)))
dFz(y)dT (z)

(11)
� z

z

� ω̃sup2
z

κωmin
nzdFz(y)dT (z) =

� z

z

� ω̃sup2
z

κωmin

ki
zmzDz(y)

(1+ki
z(1−Fz(y)))(1+ke

z(1−Fz(y)))
dFz(y)dT (z)

Minimum wage increase has a positive (negative) employment e�ect if

� z

z

� ω̃
sup2
z

κωmin
nzdFz(ω̃z)dT (z) ≷

� z

z

� ω̃
sup1
z

Rz
nzdFz(ω̃z)dT (z).

Q.E.D.�

Proposition 5: A minimum wage hike increases the non-compliance ratio among the formal

sector �rms.

Proof : From Proposition 2, we also know that the minimum wage hike does not increase the

wage distribution by the same magnitude of the minimum wage increase.
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∂ω̃z(p)
∂ωm

=

[
z

(1+kiz(1−Jz(p)))(1+kez(1−Jz(p)))

(1+kiz(1−Jz(
κωm

z
)))(1+kez(1−Jz(

κωm
z

)))

] [
Qz(κωm

z )
Qz(p)

]
< 1

Combining with proposition 4, we can deduce that the minimum wage increase generates a

higher non-compliance ratio to the minimum wage law in the formal sector.

Q.E.D.�

Proposition 6: For labor market z where the minimum wage has an e�ect, an increase in

the minimum wage boosts the remuneration of lower paid workers more than that of higher paid

worker.

Proof : As equation (10) establishes that ω̃∗
z(p) monotonically increases in p, we only need to

show that an increase in wage due to a minimum wage hike decreases in p.

∂ω̃z(p)
∂ωmin

∂p
= −z

(
kizJ

′
z(p)(1+kez(1−Jz(p)))+kezJ

′
z(p)(1+kiz(1−Jz(p)))

)
Qz(p)+(1+kiz(1−Jz(p)))(1+kez(1−Jz(p)))Q

′
z(p)

[Qz(p)]2
∗

Qz(κωm
z )

(1+ki
z(1−Jz(

κωm
z )))(1+ke

z(1−Jz(
κωm

z )))
< 0

Q.E.D.�

This establishes the empirical fact that a minimum wage increase a�ects initially sub-minimum

wage earners more than those earning the legal wage.

4. The Consequences of the Minimum Wage

The theoretical model has several predictions regarding the impact of minimum wages: (i) the

minimum wage may increase formal sector employment, by increasing labor supply; (ii) if the

minimum wage (or enforcement) is su�ciently high, it may decrease formal sector employment by
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driving low productivity �rms out of certain labor markets; (iii) if enforcement of the minimum

wage law is imperfect, some �rms �nd it optimal to o�er a sub-minimum wage, particularly

smaller, less productive �rms; (iv) a higher minimum wage raises wages across the entire wage

distribution, as all �rms compete in the wage-posting game; and (v) monopsonistic rents decrease

with a higher minimum wage. This section is devoted to testing these predictions.

4.1. Di�erence-in-Spatial Di�erence

As previously mentioned, in Indonesia, minimum wages are targeted by the local government

in consideration of the overall provincial economy, through a bargaining system. The nonrandom

distribution of province or district-level minimum wage policies thus poses a challenge for causal

inference to canonical two-way �xed e�ect (�xed e�ect for each period and a �xed e�ect for each

province) panel data approach, which assumes parallel trends across provinces. To account for

potential heterogeneous pre-trends, we use the minimum wage variation among contiguous cross-

border districts in adjacent provinces to construct the proper control group (Spatial Di�erence;

SD henceforth; Dube et al., 2010; Allegretto et al., 2017). That is, the method assumes that

contiguous cross-border districts share economic similarities due to geographic proximity and

economic trade, and the minimum wage level does not re�ect the economic condition of these

cross-border districts if the minimum wage is set to account for the province's overall economy.

Thus, any change in the minimum wage in these contiguous districts can have a causal implication

on labor market outcomes.

This regression discontinuity type approach also has a limitation: if provincial boundaries

a�ect other legal di�erences other than minimum wage in the way that in�uence local labor

market, SD estimator attributes all changes in labor market outcomes across districts to minimum

wage variation. Magruder (2013) presents the Di�erence-in-Spatial Di�erence (DSD) approach,

which adds district dummies to the SD speci�cation to relax the SD approach's assumption.

By controlling nonparametrically for di�erences among borderline districts which persist over
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the length of the panel, the DSD approach can isolate the e�ect of minimum wage and yield

causal inference. Magruder (2013) applies this strategy to the entire set of contiguous districts

in Indonesia's bordering provinces.

Our primary identi�cation strategy extends the Magruder (2013) approach by using individual-

level data.10 Using aggregated data in regression analysis may cause misleading results as it

assumes a homogeneous relationship among control variables in the regression model. Instead,

we employ individual-level data to allow individual-speci�c relationship among control variables

and thus improve the precision of estimation. We use the whole sample of individuals who live

nearby the contiguous districts in the bordering provinces for DSD estimation.

A �rst-order analysis to motivate our primary identi�cation strategy would see the patterns

in the relationship between minimum wage and labor market outcomes when comparing nearby

districts with di�erent minimum wages. Let y∗ist = yist − 1
nst(ϵ)

∑
i′ ,s′ :d(s,s′ )<ϵ yi′s′ t′ denote the

di�erence between an outcome for individual i in district s in year t and the average outcome

among all other individuals living in a district that is located within ϵ units of district s in

year t. Likewise, we de�ne MW ∗
st = MWst − 1

nst(ϵ)

∑
s′ :d(s,s′ )<ϵMWi′s′ t′ which can be termed as

spatially-di�erenced minimum wage. Figure 4 plots the spatial di�erence in employment status as

a function of the spatially-di�erenced minimum wage, where a positive distance indicates that the

district is located at the side of the border with the higher minimum wage. We can observe that

in the districts with higher minimum wage compared to nearby districts, there is a higher ratio

of formal sector or full-time formal sector workers. Also, we observe the opposite relationship for

self-employed and family business: the regions with relatively lower minimum wage compared

to the nearby area have a higher ratio of workers whose employment status is self-employed or

family-business. This borderline analysis suggests that the minimum wage drives the positive

correlation between minimum wage and formal sector jobs if we assume that local authorities

decided minimum wage level in consideration of the overall province-level economy. However,

10Magruder (2013) used districts (Kabupaten) as the unit of observation for regression analysis.
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as it is also possible that persistent district characteristics may a�ect the level of minimum

wage setting, we need a further regression analysis that controls for this possibility. Our main

identi�cation strategy, DSD, is written in equation (12):

(12) yist = βMWst + ηGDP st + γXist + αs + δst + uist

where i indicates an individual or a plant, s is the district of the respondent, and t represents

time. MWst is the log of the minimum wage that varies by time and province/districts. GDPst

denotes province-speci�c log of gross domestic product, and Xist represents individual controls.

With the IFLS data, Xist contains log values of household assets, dummy variables for (i) ur-

ban/rural residence, (ii) gender status, and (iii) labor force participation status 11, age and age

squared, education level and education squared. With the IS data, Xist represents �rm-speci�c

controls such as percentage of government ownership and foreigner ownership respectively, log

values of used material, and export status. δst controls for district-time speci�c heterogeneity,

and αs represents the district �xed e�ect that controls nonparametrically for di�erences between

nearby districts, which persists throughout the investigation period. Under the assumption of a

shared economic environment nearby the contiguous districts within radius ϵ, the DSD method

spatially di�erences out, δst, the time-varying local market characteristics, which is the main

concern for endogeneity. As every district-year has a di�erent radius that shares a similar labor

market environment, it is not possible to measure each di�erent radius to spatially di�erence out

δst for each pair of borderline districts. Thus, we follow Magruder to assume that within ran-

domly chosen radius, ϵ, unobserved labor market circumstances or economic shock will be shared

for all the borderline districts (that is, δst − δs′t = 0 if d(s, s′) < ϵ where d(s, s′) is a measure

of geographic distance). As this assumption is rather strong, we choose several di�erent radii

for robustness checks. Consequently, identi�cation of β is based on minimum wage variation be-

11The labor force participation status is de�ned according to whether the respondent spent the majority of their time working or
seeking employment.

26



tween neighboring districts on the border between two di�erent provinces/districts, conditional

on the individual-level characteristics and province-speci�c log of gross domestic product. Then

the estimation of the model is based on the following di�erenced regression equation.

yist − 1
nist(ϵ)

∑
i′,s′:d(s,s′)<ϵ yi′s′t = β

(
MWst − 1

nist(ϵ)

∑
i′,s′:d(s,s′)<ϵ MWi′s′t

)
+γ′

(
Xist − 1

nist(ϵ)

∑
i′,s′:d(s,s′)<ϵ Xi′s′t

)
+
(
αs − 1

nist(ϵ)

∑
i′,s′:d(s,s′)<ϵ αs

)
+
(
δst − 1

nist(ϵ)

∑
i′,s′:d(s,s′)<ϵ δs′t

)
+
(
uist − 1

nist(ϵ)

∑
i′,s′:d(s,s′)<ϵ ui′s′t

)
where nist(ϵ) denotes the number of individuals in districts within a distance ϵ of district s in

year t. If ϵ is chosen so that the local time trends, δst, are the same for districts within the radius

ϵ, then the �fth term on the right-hand side is negligible and a valid estimator is obtained by

estimating a regression in spatial di�erences. This approach weakens assumptions of regression

discontinuity or the assumptions in di�erence-in-di�erence estimation in that (1) district �xed

e�ect, αs, controls innate di�erence of nearby districts and therefore address issues with spatial

discontinuity in regression discontinuity approach and (2) it loosens the assumption of parallel

trends in di�erence-in-di�erence estimation approach (Magruder, 2013). For computing standard

errors, we follow the lead of Conley (1999) and Magruder (2013) by clustering at the policy group

(province/minimum wage regime) level and allowing for spatial autocorrelation.

4.2. Two-Way Fixed E�ect Approach

Our DSD method addresses endogeneity concerns, which come from the correlation between

minimum wage and time-varying unobserved economic factors. Despite the appeal of the DSD

approach, we still want to consider the criticism of the DSD method brought by Neumark et

al. (2014) and Neumark and Wascher (2017). Neumark et al. (2014) argue that the borderline

approach discards too much valid identifying variation in pursuit of ideal counterfactuals as the
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approach substantially reduces samples to individuals residing in the districts where minimum

wages of contiguous districts di�er. The potential alternative approach that addresses lack of

identifying information from DSD approach is to use traditional two-way �xed e�ect (TWFE

henceforth) approach with the inclusion of regional time trends or regional macro variables. If

districts or provinces with greater employment growth are more likely to raise their minimum

wages, then the inclusion of regional time-trend can e�ectively account for this confounding source

of variation. Most studies of the minimum wage followed this strategy. Nevertheless, Meer and

West (2016) demonstrate that if the minimum wage has dynamic impact on the evolution of

outcome variables, the estimation technique that includes regional-speci�c time trends is likely

to attenuate estimates of the treatment e�ect. Taking this into consideration, we proceed to use

the traditional two-way �xed e�ect with and without trend as well as DSD. Including province-

speci�c log of GDP further attenuates concerns about omitted variable bias. The following

equation is the two-way �xed e�ect regression model used for the robustness check:

(13) yist = βMWst + γXist + ηGDPst + θj + δt + (ηs ∗ t) + uist

where j = i (individual) or s (district), and ηs ∗ t are district-speci�c linear time trends. With

IFLS data, we take advantage of individual-level panel data by controlling the individual �xed

e�ect, θi. With IS data, we only o�er results with a district �xed e�ect, θs, due to its lack of

information on plant ID for 2002 and 2003. Whenever our sample spans across years without

omitting years in between, we also report our results with the inclusion of a district time-trend.

For instance, when using IFLS data, we do not control for a district-speci�c time trend because

we only have three rounds of data with a seven-year gap between surveys: we cannot restrict the

identifying information based on the deviation of three data points from district-speci�c linear

time trends. When we use the IS data, we include district-speci�c time trends as the interval

between surveys is only one year. Then the identifying assumption is that, after controlling for

individual characteristics and the provincial macroeconomy, the outcome of interest would have
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followed a similar trend across provinces, if not for the di�erential changes in the minimum wage

level.

4.3. Non-compliance with the minimum wage

There are several econometric issues to deal with when examining the employer's incentive

to comply with the minimum wage (Ham, 2018). First, the �rm's willingness to observe the

minimum wage regulation depends on the intensity of government surveillance; however, data to

quantify it is not always available. Second, it is challenging to identify the control and treatment

groups clearly. For instance, let us suppose that we want to test how a �rm's size a�ects the

observance of the law against uncertain minimum wage hike. During the period of study, certain

individuals may sort into larger �rms if they are more likely to earn minimum wage in larger

�rms, contaminating the control and treatment groups. Third, �rm-level data have a potential

for misreporting: �rms may not accurately report wage payments if they violate the minimum

wage law.

Though we are not able to address the intensity of government surveillance, it is possible

to address the misreporting and group identi�cation issues by using individual-level panel data

(IFLS). Speci�cally, using individual-level data alleviates the systematic misreporting issue, and

panel data allows us to clearly identify the treatment and control groups. Here, we use workers

in medium-sized �rms (with between 5 and 199 employees) as a treatment group and workers

in large-sized �rms (with more than 200 employees) as a control group to compare the non-

compliance rate in reaction to the 2013 extraordinary minimum wage raise. Several empirical

studies �nd the importance of �rm size in determining minimum wage compliance, as large

businesses are subject to more stringent government monitoring and �nes and hence are more

likely to adhere to minimum wage regulation. For example, Harrison (2010) studies the e�ect

of the anti-sweatshop movement on wage growth in Indonesia. The result shows that targeted
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foreign-owned, large-sized �rms under the high intensity of surveillance increased their wage

payment compared to small �rms.

Panel A of Figure 5 illustrates the time trend of the relative ratio of the minimum wage over

the median wage. Panels B and C show compliance with the minimum wage regulation by �rm

size across three periods. As mentioned in Section 2, successful labor union negotiations caused

a surge of the minimum wage in 2013. The World Bank (2014) described this unusual surge as

an unexpected shock to most �rms, and there is a steep increase in the minimum wage-median

wage ratio in 2014. When we look at the Panel C, we observe that non-compliance ratio for �rms

in the medium-sized �rms (5-199 employees) and large-sized �rms decrease slightly between 2000

and 2007, though it decreases faster for large �rms (>200 employees). Between 2007 and 2014,

however, we can observe that the non-compliance ratio for medium-sized �rms increases, whereas

the large-sized �rm does not change. It seems that minimum wage hike especially increases the

non-compliance ratio for medium-sized �rms as government monitoring activities were relatively

not as intense as they were for large-sized �rms. We test this hypothesis formally with the

following regression speci�cation:

(14) BMWijt = α + βDijt + γXijt + λi + δt + uijt

Here j is the �rm-size category, and BMWijt is a binary indicator that identi�es a worker i in

the province �rm-size category j at time t paid below the minimum wage. Dijt is the interaction

term between the treatment group indicator and the year 2014 indicator. We regard the 2013

event as an exogenous policy shock to �rms. The treatment and control groups were constructed

using a subsample of full-time formal sector wage earners who remained at the same �rm for

more than two consecutive rounds. The control group consists of full-time workers who remained

in �rms with more than 200 employees. The treatment group consists of full-time workers who

remained in �rms with 5-199 employees. This regression tests how �rms whose expected �ne

payment is small compared to the control group respond to the unanticipated minimum wage
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hike. The method assumes that in the absence of the unexpected minimum wage change in 2013,

the compliance ratio in medium-sized �rms would follow a similar trend to that of large-sized

�rms.

The coe�cient on the interaction term, β, captures the average di�erence in non-compliance

to the minimum wage law across the treatment and control groups before and after 2013. We

also estimate an expanded version of this equation, where the treatment identi�er interacts with

dummy variables for each year. This regression speci�cation tests the parallel trend assumption

of di�erence-in-di�erence, and thus examine the validity of di�erence-in-di�erence strategy to

test for non-compliance with the minimum wage law. In the next session, we report estimates of

the minimum wage impact on employment, wages, monopsony indices, and non-compliance.

4.4. Empirical Results on Labor Market Outcomes

In this subsection, we present our empirical �ndings about the impact of the minimum wage

on employment, wages, and economic rents, as assessed by a variety of monopsony indicators. We

also report the non-compliance ratio of medium-sized �rms compared to that of the large-sized

�rms.

Table 3 presents the regression results for various categories of employment in response to

real minimum wages using SD, DSD, TWFE methods. To demonstrate the validity of the

�ndings, the table presents SD and DSD estimates with varying bandwidths used to de�ne

contiguous districts. Binary indicators for each category of employment are constructed and

used as dependent variables. Individuals who work in the government or the private sector fall

under the formal sector group. Respondents who work in the formal sector more than 40 hours per

week are classi�ed as full-time formal. Respondents who work in the formal sector for fewer than

40 hours are classi�ed as part-time formal. The Self-Employed group comprises respondents who

are either self-employed or self-employed with family members. To de�ne Family Business, we
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add unpaid family workers to the preceding group. The regression results report the probability

of being in each employment category compared to being in another category of employment.

The DSD regression results for employment status show that a rise in the minimum wage is

not statistically signi�cantly related to employment status. If we increase our control sample to

increase statistical power at the expense of allowing potential endogeneity, the DSD estimator

starts to show statistically signi�cant results: at the bandwidth of 60 miles, we �nd a 10 percent

increase in the minimum wage is positively related with an increase in formal sector employment

of 1.1 percent and a decrease in family businesses of 1.2 percent. These results are consistent with

informal sector workers' sorting into the formal sector in response to minimum wage increases.

This is what the SD results suggest also, although the di�erence in statistical signi�cance suggests

that the concerns that movitate the DSD approach have some bite, or that the loss of data

required for the DSD approach lowers the estimator's power, suggesting caution Still, one can say

that there is some evidence that minimum wages lead workers to sort into the formal labor market.

This is consistent with the model economy, whereby the minimum wage leads some informal

workers to enter the formal labor force. Also, the DSD estimator suggests that workers sort out

of part-time formal status when minimum wages increase, with a statistically signi�cant e�ect

at the bandwidth of 40 miles. If we consider part-time workers as marginal, low-productivity

formal-sector workers, our estimates indicate that formal sector marginal workers are more likely

to lose their jobs due to the minimum wage increase. This is also consistent with the model,

as some �rms may no longer �nd it pro�table to hire low-productivity workers with a higher

minimum wage.

Our results with SD and TWFE regressions show statistically signi�cant results. The results

with the SD speci�cation are more pronounced in magnitude compared to the DSD estimates,

which can be attributed to the absence of district dummy variables. TWFE estimates are

somewhat similar to those of DSD, and we �nd a statistically signi�cant and positive e�ect

on formal sector employment and a negative impact on family businesses. The only noticeable
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di�erence compared to the SD and DSD estimators is on Part-Time formal sector workers: TWFE

results show a positive relation between minimum wages and part-time work, whereas the SD

and DSD results show negative coe�cients. Overall, our regression results suggest that minimum

wages lead workers to sort into the formal labor market, although the impact on marginal workers

is less clear and may be negative. Both of these �ndings are consistent with the theoretical model.

At the same time, this implies that the overall impact of minimum wages on the size of the formal

labor market is ambiguous.

Plant-level data further support the results with the IFLS sample. In Table 4, we present

our estimation results for the number of plant-level employees. We present three sets of results

by regressing on total workers, production workers, and non-production workers with SD, DSD,

and TWFE respectively. Except SD method, we do not �nd statistically signi�cant association

between minimum wage and number of workers, with the exception of the 25-mile bandwidth

for DSD estimation. Still, the signs are positive, although statistically signi�cant mainly for the

SD speci�cation. Given that the estimation results from TWFE with and without the inclusion

district time trend are qualitatively similar to our results from the DSD speci�cation, it appears

that SD results may be biased upward, highlighting the importance of controlling for �xed

e�ects. Overall, the results suggest that �rms may increase their hiring due to the minimum

wage, consistent with the model feature of monopsonistic competition.

These �ndings are consistent with Magruder (2013) and Hohberg and Lay (2015), who also

used IFLS data, but are not consistent with Harrison and Score (2010) or Del Carpio et al.

(2015), who used IS data. Harrison and Score (2010) and Del Carpio et al. (2015) used IS

data to discover a statistically signi�cant negative impact of the minimum wage. The results

with IS data in this paper di�er from their results due to several reasons. First, our paper

uses di�erent sample periods compared to the other two works. Harrison and Score used date

from period 1988 - 1996 when the central government still determined the minimum wage in

Jakarta. In contrast, our sample comes from the periods when there was much more variation
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in the minimum wage across space and time. The analysis of Del Carpio et al. (2015) uses the

same years between 1993 and 2006. During the periods, the Indonesian economy experienced a

�nancial crisis, the demise of Suharto, and the decentralization of the bureaucratic regime. It is

well known in the literature that during an economic recession, labor protection regulations such

as minimum wages amplify the negative employment e�ect as market wages are often lower than

the minimum wage. In contrast to their analysis, we restrict our samples to the periods when

the economy stays on a steady growth phase, as our paper aims to understand the impact of the

minimum wage on steady-state or long-run employment: the Indonesian economy, from 2000 to

2014, did not experience a signi�cant downturn but shows a steady increase in gross domestic

product per capita. Second, our paper uses district-level minimum wages. While there were only

�ve provinces that exhibited within-province variation in minimum wages in 2000, by 2014, at

least 14 out of Indonesia's 34 provinces had within-province variation in the minimum wage. To

the best of our knowledge, our paper is the �rst attempt to use all the district-level minimum

wage variation across the time span between 2000 and 2014. Third, our DSD estimator lessens

the common trend assumption of the �xed e�ect approach used by both papers.

Tables 5 and 6 report the e�ect of the minimum wage on the average wage using IFLS and

IS sample respectively. We �nd a statistically signi�cant and positive wage e�ect for individuals

and plants directly a�ected by the minimum wage across di�erent estimation methodologies.

From the IFLS sample, the DSD estimator suggests that a 10 percent increase in the minimum

wage is associated with 8-10.5 percent wage increase for formal sector workers. The reason that

we observe more than 10 percent of the wage increase in response to a 10 percent increase in

the minimum wage with IFLS data is that the estimation also contains individuals who sort into

a wage-earning job. The SD estimator �nds larger coe�cient compared to the DSD estimator,

as was the case for employment regression results. The TWFE estimator shows smaller e�ects

compared to the DSD method. Compared to the DSD estimation, where the district �xed e�ect

is controlled for, controlling for individual �xed e�ects appears to absorb more of the impact
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previously attributed to minimum wages.

In addition to the overall e�ect, it is also interesting to study the heterogeneous e�ect of

minimum wage on workers who are initially paid less than the minimum wage and those who are

initially paid more than the minimum wage. Basu et al. (2010) predict that if there is incomplete

monitoring for the minimum wage law and the �ne increases in proportion to the amount of gap

between minimum wage and equilibrium sub-minimum wage, initially non-complying �rms will

further reduce wage in response to minimum wage. However, empirical work often �nds increases

in sub-minimum wage in response to the hike of the legal minimum wage (Cunningham, 2007).

Our regression results support the results of Cunningham (2007) and validate the prediction of

our theoretical model. Notably, the DSD estimator �nds that wage increase for the initial sub-

minimum wage-paid group is greater than for the other group whose initial wage is higher than

the minimum wage at the bandwidth of 35, 40, 60 miles. The similar pattern is observed with

the TWFE estimator and SD estimator across all bandwidths: the initial sub-minimum wage-

paid group's wage increase is greater than that of the initial over-minimum wage-paid group's,

supporting proposition 6. We consider that the �ndings of DSD estimation with a bandwidth

of 25 and 30 di�er from those with larger bandwidths due to smaller sample sizes and dummy

variables. When the regression model has a limited sample size and extensive controls, a small

number of outliers can signi�cantly impact the estimation results.

Regression results with IS data are also consistent with the analysis with IFLS data, except

that the coe�cient is much smaller now. Our DSD estimate indicates that with a 10 percent

increase in the minimum wage, average wage increases by 2.9 - 4.9 percent for all workers, 2.7 -

4.8 percent among production workers, and 4.7 - 5.4 among non-production workers, respectively.

Again, the relevance of controlling for district �xed e�ect is demonstrated by the fact that our

TWFE results are comparable to those of DSD, while SD estimates are substantially higher.

Overall, these empirical �ndings support the validity of our model, which predicts that mini-

mum wage a�ects earnings in various labour market segments and the entire wage distribution

35



(Proposition 3).

Table 7 presents regression results on the minimum wage's relationship to market distortion

indices. As explained in Section 2, if the gap between the marginal revenue of labor and wage

comes from the monopsonistic behavior of employers, minimum wage regulations could work as

a market correcting tool and reduce market distortions. We study this hypothesis by studying

the relationship between minimum wage and various market imperfection indices. Market im-

perfection indices, as measured by Pigou's E, CRS Markdown, CD Markup, and Markup, are

regressed on the minimum wage using SD, DSD, and TWFE, respectively.

Our most persuasive regression results are (i) DSD and (ii) TWFE with district-speci�c time

trend if its coe�cients do not signi�cantly di�er from TWFE without district-speci�c time trends.

As explained in Sections 4.1 and 4.2, the SD estimator may be prone to omitted variable bias,

and the TWFE without controlling for district-speci�c time trend may be vulnerable to di�ering

pre-trends. However, if the inclusion of time trend on TWFE signi�cantly di�ers from TWFE

without time trend, we should be suspicious of the dynamic e�ect of the minimum wage on

outcome variables (Meer and West, 2016). From this perspective, our �ndings indicate that

an increase in the minimum wage reduces �rms' monopsony behaviour, particularly for non-

production workers, although not all of our estimation results reveal a statistically signi�cant

e�ect across various estimation methods and bandwidth selections. While our DSD estimator

�nds only statistically signi�cant and negative impacts of minimum wage on Pigou's E at the 60

mile bandwidth, TWFE estimators with and without the inclusion of district time-trend reveal

the same negative and statistically signi�cant e�ects: a 10 percent increase in the minimum

wage is associated with 1.1 percent decrease in Pigou's E using a DSD estimator with a 60-mile

bandwidth and a TWFE estimator with district-speci�c time trend.

Estimation results on Markdowns suggest that the reduction in overall monopsony behaviours

as assessed by Pigou's E is driven by �rms' monopsony behaviour toward non-production workers.

The DSD estimate indicates that the minimum wage has a statistically signi�cant negative e�ect
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on CRS markdowns for non-production workers at 25, 30, and 40 miles. When CD markdowns

are the dependent variable, the DSD estimator reveals statistically signi�cant negative e�ects

of the minimum wage only at a bandwidth of 25 miles. Although our DSD regression results

on markdown indices for non-production workers are not robust across di�erent bandwidths,

estimation results from the TWFE estimator with district-speci�c time trends comparable to

TWFE estimation without the trends imply that minimum wage has a statistically signi�cant

negative e�ect on markdowns. According to the DSD estimate, a 10 percent rise in the minimum

wage is related with a 2.7-3.4 percent reduction in CRS Markdown and a 2.9 percent decrease in

CD Markdown for non-production workers. Using TWFE with district-speci�c time trend, we

�nd 10 percent increase in minimum wage is related with 1.3 percent drop in CRS Markdown for

non-production workers and 1.7 percent decrease in CD Markdown for non-production workers.

Interestingly, our estimation results suggest that CD Markdowns and CRS Markdowns for pro-

duction workers are not statistically signi�cantly related with the minimum wage. Only �ndings

from TWFE without trends, which are vulnerable to the potential endogeneity, provide negative

coe�cients with statistical signi�cance. Our DSD estimates for CD Markup show a statistically

signi�cant and positive e�ect. The results infer that the rise in the minimum wage forces some

�rms to exit the market, while the surviving �rms improve their output market share which

re�ects in Markup index.

Table 8 presents estimation �ndings for equation (13), which compares the noncompliance

practises of medium-sized enterprises (treatment group) and large �rms (control group) in re-

action to the unexpected increase in the minimum wage in 2013. In reaction to a 10 percent

increase in the minimum wage, the non-compliance ratio rises by 0.7 to 0.8 percent, as shown

in the table. This result is robust to the inclusion of dummy interaction terms. This �nding

indicates that medium-sized �rms tend to break minimum wage regulation in the presence of the

unexpected minimum wage shock.

Overall, our empirical results support the predictions of our structural model. Historical
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increases in minimum wages during 2000~2014 in Indonesia raise the overall wage distribution

across di�erent segments of labor market without decreasing employment in the formal sector.

Our regression results also support the model's mechanism on �rms' monopsonistic competition

which reduces economic rents of remaining �rms. Lastly, the growth in non-compliant wage

payments in response to the 2013 minimum wage increase among small and medium-sized �rms

validates our theoretical model, which theorises the optimal decision of smaller �rms, which are

less susceptible to government surveillance activity. These estimation results are robust when we

only only sample of individuals without migration history, which is reported in Appendix D.

5. Macroeconomic Implications

We �nd that the minimum wage leads workers to enter the formal sector, while the marginal

workers (as proxied by part timers) appear rationed out. This implies that the aggregate impact

of the minimum wage on labor markets is ambiguous. In this section, we calibrate the model

economy, in order to study the aggregate impact of minimum wage variation.

5.1 Parameterization

To simulate the model economy, we require a discrete approximation. First, we use 50 discrete

values of z and 50 discrete values of p. We set the grid of values so as to cover between the 99th

and 1st percentiles of the distribution of each variable. We use 100 values of x rather than 50 as

we need to capture small di�erences in reservation wages, which depend on x. We also set the

grid of values for x so as to cover between the 99th and 1st percentiles of its distribution. Since

the distribution of x depends on z, this also means that each z has slightly di�erent values of x.

First, we assume that the distribution of log �rm productivity p is normal with mean and

s.d µ and σ respectively. We assume that the distibution of log worker productivity z is normal

also, with mean and s.d of µz and σz. Finally, we assume that the distribution of log informal

income x is also normal. However, it is possible that x and z might be correlated. As a result,
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we assume that the mean of the distribution is µx + ζ log z for some real number ζ, and that the

s.d. is σx. This implies that the covariance of log x and log z is ζσ2
z .

The parameters to be calibrated then are µ, σ, µz, σz, µp, σp, ζ, λz, δz, κ, wmin and ρ.

5.2 Calibration

We start by setting certain parameters directly, and set the remainder indirectly to match

certain moments of the data. We use annual data so as to be consistent with the empirical work.

We assume that the annual discount rate is 5 percent, following Hornstein, Krusell and Vi-

olante (2011), so ρ = 0.05. One of the means of the log productivity indices is just a scale

factor for the size of the economy, so without loss of generality we set µz = 0. We compute the

log productivity distribution across �rms in the IS data, �nding a mean of 2 and a standard

deviation of 0.1: accordingly, we set µp = 2 and σp = 0.1.

To compute the job �nding rate we sort agents in the IFLS data by income decile. Then,

taking the informal workers in each decile, we compute the job �nding rate into the formal work

force. We found that the hazard rates decrease by income from 0.29 to 0.17. Let zmin and zmax

be the lowest and highest values of z in our grid respectively. Then we set λz to be a linear

function of z, with λzmin
= 0.29 and λzmax = 0.17.

To compute the job loss rate we sort agents in the IFLS data by income decile in the formal

sector, and compute the observed hazard rates out of the formal work force. We found that the

hazard rates decrease by income from 0.18 to 0.02. Let zmin and zmax be the lowest and highest

values of z in our grid respectively. Then we set δz to be a linear function of z, with δzmin
= 0.18

and δzmax = 0.02. See Table 9 for the parameter values.

This leaves µ, σ, σz, ζ, κ and wmin. We calibrate these six parameters by targeting six

calibration statistics. These are the share of the formal sector workforce, the ratio of the minimum

wage to the median wage (speci�cally, the median value of this statistic across provinces), the

coe�cient of variation of formal earnings, the coe�cient of variation of informal earnings, the
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ratio of mean formal earnings to mean informal earnings, and the share of workers earning below

the minimum wage. Table 10 displays the values of these statistics in the data, alongside the

calibrated model values.12. The model provides a reasonable match to the statistics from the

data after about 100,000 iterations.

5.3 Simulations

Having calibrated the model economy, we proceed to examine the impact of the minimum

wage on the aggregate features of the model. We start with the calibrated value of the minimum

wage and raise it by up to 200 percent, so as to explore a wide range of values.

First, Figure 6 compares the CDF of wages generated by the model economy for the baseline

calibration and for the case where the minimum wage is increased by 200 percent. There is a

noticeable shift in the wage distribution towards higher wages, as proved earlier. This implies

that higher minimum wages may lead the marginal informal worker to search for formal work:

in other words, the labor supply e�ect is quantitatively signi�cant in the calibrated economy.

Nonetheless, we �nd that raising the minimum wage by 200 percent decreases the sum of total

output13 by about 6.2 percent. See Figure 7. Total worker income also declines by about 6.2

percent. Thus, it appears that the negative impact of minimum wage hikes on labor demand

dominates the labor supply e�ect, so that a higher minimum wage leads some workers to fall out

of the formal labor force. Since these workers would have been more productive in the formal

labor market, this leads total output to decline. These workers are relatively unproductive,

however, so the aggregate impact is small unless the minimum wage hike is substantial.

The impact on the structure of the labor market is considerably more signi�cant. As shown in

Figure 8, the minimum wage rise of 200 percent leads the formal sector to shrink from 44 percent

to 36 percent of the labor force. Similarly, the share of workers paid less than the minimum wage

12We calibrate the model economy using data for the year 2000, which is the beginning of the sample.
13This includes total output generated by all �rms and all output generated by informal sector workers. Thus it includes total

labor income, formal and informal, and the income of the �rms themselves.
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rises from around 50 percent to 88 percent. This is consistent with the empirical �nding that a

higher minimum wage is related to lower compliance, and with the fact that, as seen above, the

labor demand e�ect on aggregate turns out to dominate the labor supply e�ect.

We note that these �ndings are also equivalent to keeping the minimum wage �xed, but raising

the enforcement parameter κ by a similar factor - or any combination of minimum wage hikes

and increases in κ of equivalent joint magnitude.

The fact that the minimum wage unambiguously appears to lower the size of the formal

labor force and aggregate output begs the question: is there a lower minimum wage that has

a salutary e�ect on aggregate output in the calibrated economy? The answer turns out to be

no. In Figure 9, we explore minimum wages ranging from zero up to the 200 percent wage hike

explored earlier. We �nd that a minimum wage below the calibrated level has very little impact

on aggregate output. Figure 10 shows that a minimum wage below that level has little impact

on the structure of the labor market also (except that the lower minimum wage implies a lower

share of underpaid workers).

It is interesting to observe that, while the aggregate impact of the minimum wage in Figures

7 and 9 is monotonic, it is also non-linear. This is due to the fact that occupational choice

decisions are based on a comparison of the agent's informal sector income opportunity x with

their formal sector opportunities, which depend on z but which also depend on endogenous

wage posting competition among �rms. The aggregate e�ect thus depends on the interaction of

the joint distribution of the log-linear variables x and z with monopsonistic competition among

�rms with productivity p drawn from an independent distribution who may also choose to exit

certain labor market segments, so it is not surprising that the e�ect of minimum wage increases

is non-linear. In reality, these features of developing economy labor markets - the fact that

occupational choice decisions depend on the joint distribution of agent opportunities in di�erent

occupations, and the fact that the evidence supports the presence of monopsonistic competition

among �rms - suggest that minimum wages may indeed have a non-linear e�ect. This could be
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another reason behind the di�culty in the empirical literature of establishing the impact of the

minimum wage on formal employment: the impact of the minimum wage depends on a complex

interaction between formal labor market opportunities and outside options that are only partially

correlated.

To conclude, the calibration illustrates that both the demand and supply e�ects are present.

However, the minimum wage has a contractionary e�ect on the calibrated model economy, be-

cause formal sector �rms no longer �nd it pro�table to hire certain low-productivity workers.

The extent of this contraction in the calibrated economy is non-linear, because it depends on an

interaction between the distribution of agent options in di�erent occupations as well as hetero-

geneous �rms' wage posting decisions and decisions of whether or not to hire di�erent types of

workers. In spite of the richness of heterogeneity in our model economy, the calibration provides

an unambiguous prediction in terms of the sign of the impact of the minimum wage (although

of course this masks some redistribution, since some workers bene�t from the presence of the

minimum wage). From a policy perspective, the joint distributions of the empirical counterparts

of x, z and p could be di�erent in di�erent countries because of di�erences in schooling, insti-

tutions, FDI or other factors. At the same time, our quantitative exploration indicates that the

presence of monopsonistic competition is not su�cient to generate an increase in formality and

aggregate welfare from a higher minimum wage.

As a matter of policy, our research suggests that decisions about the minimum wage need to

take into account both the marginal decisions of informal sector workers and of formal sector

�rms. While there are economic policy goals other than the maximization of output, any redis-

tributive goals that minimum wage laws might target would have to be weighed against potential

aggregate losses resulting from reductions in labor demand, and quantifying such losses would

itself require information about the occupational decisions of marginal workers and the hiring

decisions of marginal �rms.
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6. Conclusion

In this paper, we analyze the impact of the minimum wage on the labor market in developing

economies � using Indonesia as a laboratory, exploiting high quality data on both workers and

�rms. Similar to other developing countries, Indonesia has a substantial proportion of its labor

force involved in informal sector activity; the minimum wage is imperfectly enforced; and the

formal sector labor features signi�cant frictions. In addition, there is a sizable gap between the

marginal revenue product of labor and wage payments to workers.

To aid in understanding this impact, we construct a search model in the spirit of Burdett

and Mortensen (1998). A key feature of the model is the imperfect enforcement of minimum

wages, along with heterogeneous �rm productivity, heterogeneous worker productivity and het-

erogeneous informal income opportunities. In the model economy, the minimum wage raises

the entire wage distribution, as �rms engage in wage-posting competition. The increase in the

distribution of posted wages generates an incentive for some informal sector workers to �nd jobs

in the formal sector, whereas some marginal workers in the formal sector may be rationed out.

While the model leaves open the possibility of either a positive or negative e�ect of the minimum

wage on formal employment, it provides an unambiguous prediction regarding an increase in for-

mal sector wage payments, a reduced gap between marginal labor productivity and wages, and

an increase in the ratio of non-compliance with minimum wage regulations, particularly among

smaller �rms.

We use unique historical Indonesian minimum wage data from 2000 to 2014 to conduct a

regression analysis, and con�rm the predictions of the model. Using the sample of workers

who live in the nearby the province/district border, we conduct a di�erence-in-spatial-di�erence

(DSD), approaches that weakens the assumption of both regression discontinuity and di�erence-

in-di�erence. When the data structure justi�es the inclusion of trends, we also do traditional

two-way �xed e�ect (TWFE) analyses that include district-speci�c trends. Our regression results
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indicate that a rise in the minimum wage has no clear detrimental e�ect on employment, contrary

to what a competitive labor market would imply. In addition, our empirical �ndings demonstrate

a positive e�ect of the minimum wage on the average salary (for both the initially sub-minimum

wage paid and the over-minimum wage paid workers) and a negative e�ect on the economic rents

of monopsonists. Our di�erence-in-di�erence results also support the model's prediction that

the minimum wage hike in 2013 increased the non-compliance rate for medium-sized enterprises

relative to large �rms.

Finally we calibrate the model economy to examine the aggregate impact of the minimum

wage. We �nd that the minimum wage lowers formal sector employment in the calibrated econ-

omy, and also lowers output. These results imply that, while the presence of monopsony in labor

markets may potentially allow minimum wage increases to raise formal sector employment, this

is by no means a given as it depends on local labor market conditions in both the formal and

informal sectors.

Our paper suggests several potentially productive extensions. First, our model economy

takes the set of potential employers as given. It would be interesting to extend the model

to study the occupational choice between a formal sector wage-earning job and a formal sector

entrepreneur/employer. An increase in the minimum wage gives more incentives to individuals

to earn a formal sector wage-earning job, and less incentive to become an entrepreneur in the

formal sector, which could reduce labor demand. However, given that productivity in this activ-

ity might be only partially correlated with productivity in terms of x, z and p, this would be a

non-trivial extension. Second, given that our model is able to reproduce many key features of

developing economy labor markets, it would be interesting to use it to investigate the impact of

other forms of labor market regulation in the model economy, including how they might interact

with the minimum wage. For example, higher wage costs from a minimum wage might be o�set

by lowering safety standards. Third, it would be interesting to see whether variation in minimum

wages across space leads to variation in the types of �rms that might locate in di�erent provinces.
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To the extent that capital is mobile, �rms may be able to avoid the minimum wage not just via

non-compliance but also by choice of location.
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Appendix

A. Construction of Household Asset Variable (IFLS) and Capital Variable (IS)

Minimum Wage is annualized and de�ated by the CPI. The Indonesian Central Bureau of

Statistics (BPS) provides constructed CPIs for cities across the country. Matching the CPIs of

the capital city with each province, we have created a CPI measure for provinces across the years.

We choose 2007 as the base year.

Self-reported Income (IFLS) is annualized and de�ated by the CPI to match annualizedï¾÷minimum

wage levels. The IFLS data o�ers only information on the total salary (monetary remuneration

and other bene�ts), and we cannot separate monetary compensation from other bene�ts.

Household Asset (IFLS) is the total summation of the various household asset values. The vari-

able includes the houses and buildings occupied by the household, non-agricultural land, live-

stock/�shpond, vehicles (cars, boats, bicycles, motorbikes), household appliances (radio, tape

recorder, TV, fridge, sewing or washing machine, computer), saving/certi�cate, receivables, jew-

elry, furniture, and utensils. There is some sample whose asset value data is missing. Considering

that the questionnaire contains comprehensive items, including the value of utensils, it is rea-

sonable to assume that those samples are misreported. We do not include those samples in our

regression analysis. IFLS consists of several books, and respondents sometimes choose to answer

in book two or three. Unfortunately, the asset categories in book3 of IFLS5 are inconsistent

with book2 of IFLS5 and the rest of the IFLS series. That is, it does not contain information on

several asset values available in the previous rounds. These are poultry, livestock/�shpond, hard

stem plants not used for farm or non-farm business, vehicles, household appliances, furniture,

and utensils. We impute the missing value by applying the standard Oaxaca method to deal

with the missing information. Since we have information for a sample who answered in book 2,

we aggregate the list of items in book 3 and the list of items not listed in book 3. Using these two

values, we proceed with the standard Oaxaca method and impute values for the missing items
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for the information in book 3 and construct a household asset value comparable with samples

who answered in book2. We de�ate the value of the household assets by province-level CPI.

Education Level (IFLS) is divided into four categories. 0. No education, 1. Elementary, 2.

Middle School, 3. High School, 4. University or above.

Capital (IS) is measured as the estimated value of machinery and equipment on December 31

of the year. When the capital value is not reported, we use the reported value of the capital in

the previous year to construct the missing capital value. We assume that Kit = 0.9Ki,t−1+ I i,t−1

where I is an investment for machinery and equipment. Kit and Iit are the real values de�ated

to 2007 rupiah using sector-speci�c de�ators based on Wholesale Price Indices provided by Peter

Brummund (2013).

Output, Material, and Fuel (IS) are measured as the total reported value of output produced,

raw materials, and fuels used by the plant during the calendar year, respectively. These were

de�ated to 2007 rupiah using sector-speci�c de�ators based on Wholesale Price Indices provided

by Peter Brummund (2013).

Average Total Production Workers (IS) is the average number of workers, paid and unpaid,

used per working day.

Other Total Production Workers (IS) is the average number of all others, paid and unpaid,

used per working day.

Average Total Wage (IS) is constructed as the sum of cash wages/salary and in-kind bene�ts

per production worker, and per non-production workers de�ated to 2007 rupiah using provincial

consumer price index obtained from the BPS.

Average Wage (IS) is constructed as the cash wages/salary, and per production worker and per

non-production workers de�ated to 2007 rupiah using provincial consumer price index obtained

from BPS.
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B. Monopsony Indices

B.1. Pigou's E (1924)

The traditional index for monopsony comes from Pigou (1924), where a monopsonistic em-

ployer's maximization problem can be written as

MaxL π(L) = pF (L)− w(L)L

where π(�) is �rm pro�t, F (�) is the �rm production function that only requires labor, and

w(�) is the wage function. The �rst order condition of this problem imply the following wage

setting rule:

ϵ−1 = ∂w
∂L

L
w
= pF ′(L)−w(L)

w(L)

where ϵ is wage elasticity of labor supply and pF ′(L) is �rm's marginal revenue of labor

product. In a perfectly competitive labor market where wage elasticity approaches in�nity, a

slight wage decrease will cause all workers to leave their current employer. Instead, if the employer

operates in a monopsonistic labor market, heï¾÷may retainï¾÷workers by paying them a lower

salary. This monopsony index may also be examined via its right-hand side equation, in which

the normalized di�erence between marginal labor productivity and wage payment represents

the rate of labor market imperfection. Under the premise of a perfect market, companies are

supposed to employ laborers until the marginal value of the �nal worker recruited matches the

wage paid to that person. If a gap occurs, especially when the marginal value of adding one

additional worker is greater than the wage payment, this may indicate monopsony activity on

the part of employers.

To accurately estimate Pigou's E, one should calculate an unbiased estimate of the marginal

value of labor product, pF ′(L), and the speci�c wage payment, w(L), to each worker. However,
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our IS data only provides each plant's average wage, and IS data for 2002 and 2003 lack informa-

tion on plant ID: applying the standard semi-parametric approach for the marginal product of

labor estimation requires panel data, limitingï¾÷our sampleï¾÷to 2004-2009. Thus, we employ

average labor productivity, y/L, as a proxy for the marginal value labor product, pF ′(L), and

average wage payment of the plant as a proxy for w(L). With this method, we can use a full

sample between 2000 and 2009.

B.2. Brooks et al. (2021)

Brooks et al.(2021) extend the standard markup index of de Loecker and Warzynski (2012)

to construct monopsony indices, often known as markdowns. The basic idea of de Loecker and

Warzynski (2012) is that the �rst-order condition may be used to calculate the �rm-speci�c

markup as the ratio of the factor's output elasticity to its �rm-speci�c factor payment share

for any �exibly chosen, price-taking input. Material input is typically considered to operate in

a competitive market; �rms generally accept the material price as given. Under a competitive

output market, �rms employ material, the price-taking input, until the output elasticity of the

material equals the payment. Suppose there is a disparity between the production elasticity

and payment share of material. In that case, it is attributed to the imperfection of the output

market: companies exert market power by not fully using materials to produce less and retain

higher prices for the goods they produce.

One can do the same exercise with labor input assumed to operate in an imperfect market.

Unlike the case of material input, the discrepancy between labor's output elasticity and wage

payment is assumed to capture not only the output market imperfection but also input market

imperfection. The mark-down index is then calculated by dividing the two mark-up indices to

separate input market concentration from output market imperfection. The construction of the
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index can be written as:

µit =
µL
it

µM
it

where µj
it ≡

∂log(Fit)

∂log(x
j
it

)

q
j
it

x
j
it

pityit

≡ θjit
αj
it

. θjit =
∂log(Fit)

∂log(xj
it)

denotes input j's output elasticity and αj
it =

pjitx
j
it

pityit
is

input j's share on the total payment. Markdown should be equal to one if there is no market

power in the labor market.

The standard approach (de Loecker and Warzynski (2012)) is to estimate the production

function by applying the method of Ackerberg et al. (2015). In our Indonesian plant-level data,

we do not have plant ID for 2002 and 2003, limiting us to the sample from 2004 to 2009 had

we resorted to the methodology. Also, as pointed out by Ackerberg (2015), the production

function should be estimated with value-added production function or gross output production

function where materials are Leontief. In each of these particular instances, estimating the

output elasticity for materials and the precise parameter required to apply the de Loecker and

Warzynski (2012) model is impossible. Thus we follow Brooks et al. (2021) and implement their

two proposed methods to calculate markups and markdowns.

The �rst method uses gross pro�t margin as an estimate for markup, where the precise formula

can be written as:

ptyit
pKt xK

it + pLt x
L
it + pMt xM

it + pFt xF
it

We measure �rm's sales (py), labor payment (pLxL),material expenditure (pMxM),and fuel

expenditure (pFxF ) directly from the data. As we do not have the payment to capital (pKxK), but

only the stock of capital (xK), As long as the production function is constant returns to scale and

71



the �rm is price-taking in its inputs, the gross pro�t margin is a reasonable approximation of the

markup. We follow Brooks et al. (2021) and assume a standard rate of return R = δ + r = 0.15

where depreciation rate, δ, is 0.05 and interest rate, r, is 0.10. This measure of markups is not

appropriate in the presence of markdowns since it attributes all pro�ts to markups (increased

revenues per unit of output) when a portion of pro�ts would be attributable to markdowns (lower

costs per unit of output). This index is termed CRS markup.

Another markup index suggested by Brooks et al. (2021) is CD markup. CD markup uses

a markup formular, µM
it ≡

∂log(Fit)

∂log(xM
it

)

pM
it

xM
it

pityit

≡ θMit
αM
it
, and assumes that the production function is Cobb-

Douglas to the material. Under this strong functional assumption, the output elasticity of ma-

terials is constant for all �rms (θMit = θM), and we choose θM = 0.69 so that the average level of

our markups equals the average measured using the CRS method. This method has a stronger

assumption than CRS markup in that the index assumes the same output elasticity of materials

across all �rms. However, unlike CRS markup, the index allows for potential monopsony power

in the factor markets other than material input and is robust for non-CRS production functions.

For the next step, we construct labor-based markup using the CD approach, assuming a

constant θL for all �rms (θLit = θL). Using the labor-based markup and material-based markup,

we proceed to construct the markdown index,
µL
it

µM
it
. This can be expressed di�erently based on

whether we use either the CRS or CD markdown:

µCRS
it =

µL
it

µM
it

= θL
(pK

t xK
it+pL

t xL
it+pM

t xM
it +pF

t xF
it)

pL
t xL

it

µCD
it =

µL
it

µM
it

= θL

θM

pM
t xM

it

pL
itx

L
it

If we assume that the output elasticity of labor is constant over all �rms, then CRS markup,

µCRS
it , essentially boils down to the inverse ratio of the contribution of wage payment over the total

payment. The index indicates that labor market imperfection diminishes as the ratio of wage
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payment to total payment increases. There are several assumptions to justify this index. First,

the index is only valid if laborers' contribution to output production does not change across years

of investigation. Second, this index assumes that �rms do not have monopsony power except in

the labor market. For instance, the presence of input market concentration on capital will bias

the index. Compare to µCRS
it , µCD

it index is based on a weaker assumption in that it requires

only one factor that �rms do not exercise monopsony power. This substantial advantage from

the weaker assumption on the factor market is countered by the stronger functional assumption

for material inputs in the Cobb-Douglas production function.

The following step is to normalize our created markdown indices based on the assumption

that, in the absence of market power in the factor market, the markdown should equal one.

Speci�cally, we follow Brooks et al. (2021) to estimate the following equation:

µL
it

µM
it

= τt + δi + βsLit + ϵit

where sLit =
pLt x

L
it∑n

i pLt x
L
it
denotes �rm i' share in the labor market at time t. To compute �rms'

labor market share, we assume that labor is segmented both geometrically (province-level) and

by the type of work (ISIC 4-digit industries). After calculating each �rm's labor share in the

market, we rescale the ratio,
µL
it

µM
it
, so that the average intercept of the above equation is 1.

Rescaling guarantees that removing labor market power (i.e., the component of this markdown

that changes with labor market share) is equivalent to setting the average markdown to 1.

C. Model

C1. Proof for Hz(x) = Dz(Rz(x))

In this Appendix, we show that Hz(x) = Dz(Rz(x)). As Hz and Dz are CDF of outside option
and reservation wage respectively, we only need to show that Rz(x) is monotonically increasing
in x. From
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Rz(x) = x+ (λi
z − λe

z)
� w̄z

Rz(x)
1−Fz(y)

ρ+δz+λe
z(1−Fz(y))

dy

we use Leibniz's formula to derive

∂Rz(x)
∂x

= 1− (λi
z − λe

z)
(

1−Fz(Rz(x))
ρ+δz+λe

z(1−Fz(Rz(x)))

)
∂Rz(x)

∂x

∂Rz(x)
∂x

[
1 + (λi

z − λe
z)
(

1−Fz(Rz(x))
ρ+δz+λe

z(1−Fz(Rz(x)))

)]
= 1

As 0 < λi
z < λe

z < 1, we can deduce −1 < (λi
z − λe

z)
(

1−Fz(Rz(x))
λe
z(1−Fz(Rz(x)))

)
< 0. As 0 < ρ, δz < 1,

we have

−1 < (λi
z − λe

z)
(

1−Fz(Rz(x))
ρ+δz+λe

z(1−Fz(Rz(x)))

)
< 0

0 < 1 + (λi
z − λe

z)
(

1−Fz(Rz(x))
ρ+δz+λe

z(1−Fz(Rz(x)))

)
< 1

Therefore,

∂Rz(x)
∂x

> 1

1+(λi
z−λe

z)
(

1−Fz(Rz(x))
ρ+δz+λez(1−Fz(Rz(x)))

) > 0

As Rz(x) increases monotonically with x, now we proved Hz(x) = Dz(Rz(x)).

C2. Derivation for Equation (9)

In this appendix, we show our derivation of equation (9). From (8), We can derive

(pz − ω̃)
[
n
′
z(ω̃|Dz ,Fz)

nz(ω̃|Dz ,Fz)

]
= 1

⇐⇒ (pz −

ω̃∗)

[
D

′
z(ω̃

∗)(1+kiz(1−Fz(ω̃∗)))(1+kez(1−Fz(ω̃∗)))+Dz(ω̃∗)
[
kizF

′
z(ω̃

∗)(1+kez(1−Fz(ω̃∗)))+kezF
′
z(ω̃

∗)(1+kiz(1−Fz(ω̃∗)))
]

(1+kiz(1−Fz(ω̃∗)))(1+kez(1−Fz(ω̃∗)))Dz(ω̃∗)

]
= 1

Substituting the corresponding productivity distribution into equation (9), we get

⇐⇒
(pz − ω̃∗

z(p))

[
Q

′
z(p)(1+kiz(1−Jz(p)))(1+kez(1−Jz(p)))+Qz(p)

[
kizJ

′
z(p)(1+kez(1−Jz(p)))+kezJ

′
z(p)(1+kiz(1−Jz(p)))

]
(1+kiz(1−Jz(p)))(1+kez(1−Jz(p)))Qz(p)ω̃∗′

z (p)

]
= 1
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This equation can be rearranged as

(pz − ω̃∗
z(p))

[
Q

′
z(p)

Qz(p)
+

[
kizJ

′
z(p)(1+kez [1−Jz(p))+kezJ

′
z(p)(1+kiz(1−Jz(p)))

]
(1+kiz(1−Jz(p)))(1+kez(1−Jz(p)))

]
= ω̃∗′

z (p)

Now let us de�ne Bz(p) = −log[(1+ki
z(1−Jz(p)))(1+ke

z(1−Jz(p)))] and Sz(p) = log(Qz(p)).

Then B
′
z(p) =

[
kizJ

′
z(p)(1+kez [1−Jz(p))+kezJ

′
z(p)(1+kiz(1−Jz(p)))

]
(1+kiz(1−Jz(p)))(1+kez(1−Jz(p)))

and S
′
z(p) = Q

′
z(p)

Qz(p)
. We can re-write the

above equation as

(pz − ω̃∗
z(p))

[
S

′
z(p) +B

′
z(p)

]
= ω̃∗′

z (p)

Let us de�ne Kz(p) = Sz(p) + Bz(p) so that K
′
z(p) = S

′
z(p) + B

′
z(p). Rewriting the equation,

we get

(pz − ω̃∗
z(p))K

′
z(p) = ω̃∗′

z (p)

Multiplying the above equation with the integrating factor, µz(p) = eKz(p), on both sides and

rearranging, we get

[ω̃∗
z(p)µz(p)]

′
= pzµ

′
z(p)

Integrating both sides, we get

ω̃∗
z(p)µz(p) = z

� p
Rz
z

yµ
′
z(y)dy + A

⇐⇒ ω̃∗
z(p)e

Kz(p) = z
� p

Rz
z

yK
′
z(y)e

Kz(y)dy + A
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From
(
yeKz(y)

)′
= eKz(y) + yK ′

z(y)e
Kz(y), we deduce

� p
Rz
z

yK
′
z(y)e

Kz(y)dy =
� p

Rz
z

[
yeKz(y)

]′
dy −

� p
Rz
z

eKz(y)dy, and thus we can rewrite the above equation as

ω̃∗
z(p) = pz + e−Kz(p)

[
A− beKz(

Rz
z

)
]
− e−Kz(p)z

� p
Rz
z

eKz(y)dy

As the wage o�ered by the least productive �rm with Rz

z
isRz(ω̃

∗
z(

Rz

z
) = Rz), and e−Kz(

Rz
z

)z
� Rz

z
Rz
z

eKz(y)dy =

0, we can inferA = beKz(
Rz
z

). We can re-write the above equation as

ω̃∗
z(p) = z

[
p− e−Kz(p)

� p
Rz
z

eKz(y)dy
]

ω̃∗
z(p) = z

[
p− e−(Sz(p)+Bz(p))

� p
Rz
z

e(Sz(y)+Bz(y))dy
]

(9) ω̃∗
z(p) = z

[
p−

� p
Rz
z

(1+kiz(1−Jz(p)))(1+kez(1−Jz(p)))Qz(y)

(1+kiz(1−Jz(y)))(1+kez(1−Jz(y)))Qz(p)
dy

]

Now we show ∂ω̃∗
z (p)
∂p

> 0 to check whether the closed form soltuion ω̃∗
z(p) still satis�es the

initial assumption on the monotone increasing correspondence between ω̃∗
z and p. Using Leibniz's

formula, we can take a derivative with respect to p, and then

∂ω̃∗
z (p)

∂p
=

z

[
� p

Rz
z

[
ki
zJ

′
z(p)(1+ke

z(1−Jz(p)))+ke
zJ

′
z(p)(1+ki

z(1−Jz(p)))
]
Qz(p)+(1+ki

z(1−Jz(y)))(1+ke
z(1−Jz(y)))Q

′
z(p)

[Qz(p)]
2

Qz(y)

(1+ki
z(1−Jz(y)))

dy

]
> 0

Thus, ω̃∗
z(p) monotonically increases with p.

Q.E.D.�
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D. Robustness Check-Migration

We report the SD, DSD, and TWFE estimation results from the IFLS data, excluding individuals

who migrated to di�erent districts during the sample period. The migrating population could

skew statistics if informally employed individuals crossed the provinces to search for higher-

paying formal sector jobs or unemployed workers migrate out of higher minimum wage provinces

to search for jobs. We do a robustness analysis excluding individuals who migrated from the initial

place where observation began. This analysis will allow us to examine how much the migrating

population could contaminate our estimation. The migrating population is approximately 7.8

percent for our three rounds of the IFLS sample. We report estimates of minimum wage impact

on employment, wages, and non-compliance incidence.

Our estimation results with the TWFE estimator show that the positive e�ect on formal

sector employment decreases when excluding the migrated population. This �nding can be

interpreted as evidence for some people migrating into the provinces with a higher minimum

wage to �nd a formal sector job. Finally, DSD, SD, and TWFE estimation results for income and

non-compliance show similar coe�cients compared to the results with the migrated population.

Overall, our estimation results, excluding the sample of migration populations, show robust

results.
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Table D.3. Tests for partial compliance with legal minimum wages (Migration) 

 Workers in Medium Firms (5~199) (T)  

and Large Firms (>200) (C) 

2014 × T 0.065 * 0.073 * 

 (0.035) (0.039) 

  

2007 × T  0.033 

  (0.031) 

  

2000 × T  -0.069 

  (0.066) 

  

Individual, Year, Occupation FE Yes Yes 

Macro Variables Yes Yes 

Number of Observation 9,961 9,961 

Source: Indonesian Family Life Survey (2000,2007,2014) 

Notes: All estimates are coefficients on the interaction of dummies (treatment group dummy and year dummies) where the 

dependent variable is a binary indicator for non-compliant. The control group consists of full-time workers who remained 

in firms with more than 200 employees. The treatment group consists of full-time workers who remained in firms with 5-

199 employees. Clustered-robust standard errors by the province in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Controls: 

log values of household assets, dummy variables for (i) urban/rural residence, (ii) gender status, and (iii) labor force 

participation status, age and age squared, education level and education squared, and log of provincial GDP.  
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