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Abstract

The impact of the Covid-19 in Mexico was especially severe for non-graduates and for workers in
informal employment. We argue that this occurred despite the adverse shocks from the pandemic being
similar for all workers, because non-graduates and informal workers are in a weaker position in the labour
market. We support this argument by presenting novel evidence of shorter job tenures and higher rates
of transition from employment to non-employment for these workers and by showing that simulation
of a DSGE model with the same shocks for all workers matches the experience of Mexico during the
pandemic well. To do this, we develop an innovative model that differentiates between graduates and
non-graduates as well as between formal and informal workers; the key feature of our model is that the
job surplus for non-graduates and informal workers is smaller, making these workers more vulnerable to
adverse shocks. Our results are likely to be applicable to other emerging economies with large numbers

of informal workers.
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1 Introduction

The Covid-19 pandemic had a severe and disruptive impact in Mexico. In the second quarter of 2020,
GDP fell by 17% and employment fell by 20%. Across 2020, GDP fell by 8.5% and employment by 5.6%.
These adverse impacts were not spread evenly across the labour market. They were especially severe for
non-graduates and for workers in informal employment. By the third quarter of 2020, employment of non-
graduates had fallen by 2.5 million, compared to job losses of 0.5 million for graduates. And over 2 million
informal jobs had been lost, compared to a fall of less than 1 million formal jobs. The impact of the pandemic
on other emerging economies with large numbers of informal workers was similar (Furceri et al., 2020; ILO,
2020b,a).

Understanding the impact of the Covid-19 pandemic on Mexico and on similar economies requires an
explanation of the disproportionately large impact on non-graduates and informal workers. There are two
broad approaches to this. The first is that the shocks associated with the pandemic were especially severe
for these workers; we refer to this as the severe shocks hypothesis. The second is that the shocks impacting
on non-graduates and informal workers were no more severe than the shocks that hit other types of worker;
rather, the pandemic had larger impacts on these workers because they were in a weaker position than other
workers in the Mexican labour market at the onset of the pandemic. We refer to this as the same shocks
hypothesis. In this paper we argue that the evidence supports the same shocks hypothesis.

We support this argument in two steps. First, we show that non-graduates were in a weaker labour
market position when the pandemic hit, by presenting novel evidence of shorter job tenures and much higher
rates of transition from employment to non-employment for non-graduates compared to graduates. Second,
we show that simulation of a DSGE model under the same shocks hypothesis is able to match the experience
of Mexico during the pandemic well; in particular, it can match the very different changes in employment of
graduates and non-graduates as well as formal and informal workers.

This simulation cannot be done using existing models, since these distinguish between formal and informal
jobs but not between graduates and non-graduates. In this paper, we therefore develop an innovative model
that differentiates between graduates and non-graduates as well as between formal and informal workers.
The key feature of our model is that non-graduates and informal workers are more likely to be employed in
jobs that generate a smaller surplus. Pre-pandemic, this smaller surplus manifested in the shorter job tenures
and much higher rates of transition from employment to non-employment for non-graduates compared to
graduates that we document in this paper. During the pandemic, the small surplus made job matches with
these workers more likely to break down than matches with other types of workers; this is the mechanism
through which simulations of our model are able to match the larger impacts of the pandemic on non-
graduates and informal workers, even though all workers are hit by the same shocks.

This paper proceeds in four stages. Section 2) documents the different impacts of the pandemic on
graduates and non-graduates and on those employed in formal and informal jobs. We focus on the first
dimension, since the differing impacts by formality have already been documented (e.g., Leyva and Urrutia,
2021). We show that losses in employment were more severe for non-graduates in both formal and informal
jobs, suggesting that education was the dominant factor in determining the impact on workers at the onset of
the pandemic. We also show that the recovery from the pandemic that began in the latter part of 2020 was
concentrated in informal employment; there was a rise in informal employment for both graduates and non-

graduates that partially offset earlier losses. For both types of worker, the recovery in formal jobs was much



smaller!. Section 3) then develops a model that can explain these facts. We take a standard New Keynesian
DSGE model with search frictions in the labour market, and formal and informal imperfectly competitive
retail firms who respectively sell formal and informal goods to households and the government. We extend
this model in order to distinguish between four types of job match: those involving graduates employed
in formal jobs, graduates in informal jobs, non-graduates employed in formal jobs and non-graduates in
informal jobs. In section 4), we calibrate our model using data from the immediate pre-pandemic period,
2018Q2-2019Q4. In section 5), we simulate our model using a set of shocks that are designed to replicate
the impact of the Covid-19 pandemic and where the magnitude of the shocks is the same for all workers.
We show that our simulations provide a good match to the experience of the Mexican labour market during
the pandemic. Finally, in our conclusions, we comment on the applicability of our results to other emerging

economies with large proportions of informal workers.

2 The Impact of the Pandemic on the Mexican Labour Market

2.1 The Pre-Pandemic Labour Market

Our primary data source is the National Survey of Occupation and Employment (ENOE).? In this survey,
individuals are classified as either (i) employed;® (ii) unemployed (working age individuals who report they
were actively looking for a job); (iii) available (available to work but had not looked for a job in the last four
weeks) and (iv) non-available. As we document in the Online Appendix, large numbers of unemployed and
non-available workers transition into employment in each quarter. We therefore combine categories (ii)-(iv)
into one group,* which we label as the non-employed.®

We distinguish between graduates and non-graduates and between formal and informal jobs. Following
ENOE practice, an informal job is one that does not give permanent employment or social security benefits
and where the employer is invisible to the tax authorities and evades labour market regulations (OECD
(2019) and Dix-Carneiro et al. (2021)).5 For the period 2018Q2-2019Q4, immediately before the pandemic,
an average of 12.3% of the workforce were graduates employed in formal jobs. And 7.6% of the workforce

were graduates employed in informal jobs in the same period.” Among non-graduates, 10.5% of the workforce

I Alberola and Urrutia (2020) have argued that the relative flexibility of informal jobs, compared to formal jobs, creates a
buffer that helped insulate the Mexican labour market from adverse shocks in the pre-pandemic era. Our findings suggest that
this buffer was overwhelmed by the size of the Covid-19 shock, but that the increased flexibility enabled a faster recovery in
informal employment once the initial Covid-19 shock had passed.

2Participants remain in the ENOE survey for five quarters: http://en.www.inegi.org.mx/programas/enoe/15ymas/default.
html. In order to calculate job transition rates, we only include households who also participated in the survey in the previous
quarter in our sample. As a result, we use 80% of the full sample in every quarter. In the Online Appendix, we show that the
structure of employment and the pattern of informality in our sample is similar to that in the full sample of participants.

3“Employed” refers to any individual of working age engaged in an occupation; this includes the employed and the self-
employed.

4As we outline below, our model has 6 distinct labour market categories and 12 flows between formal and informal sector
employment and non-employment. Distinguishing between unemployment and inactivity would imply analysing 8 labour market
categories and 24 labour market flows, which is infeasible. Using longitudinal ENOE survey data, Leyva and Urrutia (2020)
show that the behaviour of unemployment and inactivity is similar across the business cycle, although unemployment is more
volatile.

50ne important source of transitions between non-employment and employment comes from the intermittent pattern of
female labour market participation. The labour market experience of many women in Mexico exhibits recurrent swings between
non-employment and spells of temporary and part-time employment, often in informal jobs (Arceo-Gomez and Campos-Vazquez,
2010); this pattern is a significant impediment to the ability of many women to develop a career (Vargas et al., 2015).

6We note that informality characterises the job rather than the firm, so a worker at a formal firm that does an informal job
is classified as being informal. This distinction is important, since slightly over 50% of workers in informal jobs are employed
in formal sector firms.

"Classifying jobs as being either high- or low-skill (using the International Standard Classification of Occupations, ISCO),
we find that large majority of jobs in high-skill occupations are filled by graduates in both the formal and informal sectors.


http://en.www.inegi.org.mx/programas/enoe/15ymas/default.html
http://en.www.inegi.org.mx/programas/enoe/15ymas/default.html

were employed in formal jobs while 23.4% were non-graduates employed in informal jobs. So approximately
50% of those working in the formal sector were graduates, compared to only 25% of those working in the
informal sector. And approximately one-in-three graduates and one-in-two non-graduates did not have paid

employment in the pre-pandemic period.®: These data are summarised in Figure 1).°

@ Graduate in formal jobs

@ Graduates in informal jobs
Non-employed graduates

@ Non-graduates in formal jobs

@ Non-graduates in informal jobs

@® Non-employed non-graduates

Figure 1: Employment in Mexico, 2018Q2-2019Q4

Source: Authors’ calculations using ENOE data.

Table 1) documents transition rates in the pre-pandemic period, 2018Q2-2019Q4. We note that structural
inequalities in the Mexican labour market are manifested in higher rates of job destruction and lower rates
of hiring for non-graduates. Job destruction rates are systematically higher for non-graduates than for
graduates in both formal and informal jobs; a non-graduate in an informal job is nearly three times more
likely to move into non-employment than a graduate in a formal job. And although hiring rates into informal
jobs are similar for graduates and non-graduates, a graduate is three times more likely to be hired into a
formal job than a non-graduate. We argue that these differences in rates of job transition reflect differences
in the values of different types of job match, so the surplus from job matches is systematically lower for

non-graduates than for graduates.

2.2 The Mexican Labour Market During the Pandemic

Figure 2) documents the dramatic changes in employment between 2020Q1-2020Q3 and 2020Q3-20202Q4.'°
Close to 3 million workers left employment between 2020Q1-2020Q3. These losses were concentrated among

non-graduates. To highlight this, we note that non-graduates accounted for 67% of job losses between

And the great majority of jobs in low-skill occupations, in either sector, are filled by non-graduates, see the Online Appendix.

8This is similar to Alberola and Urrutia (2020), who calibrate their model to give an employment rate of 50%.

9The informality rate, the share of employment at informal firms in total employment, is 42% This is similar to Alberola
and Urrutia (2020), who calibrate to give an informality rate of 50%.

10The immediate impact of the pandemic on employment in Mexico, in April-June 2020, is difficult to track since ENOE
suspended normal data collection in that period, using the Telephonic Survey of Occupation and Employment (ETOE) instead.
Although ETOE data should be treated with some caution, this survey highlights the very severe initial impact of the first wave
of Covid-19 on the Mexican labour market. ETOE data shows that 10 million people lost their jobs in the second quarter; of
these, 80% were in informal jobs. Since the consistency of ETOE with ENOE is unclear, we decided not use ETOE data in this
paper.



Table 1: Labour Market Transitions in Mexico, 2018Q2-2019Q4 and 2020Q1-2020Q3

i) Graduate Transitions Formal Jobs Informal Jobs Non-employment
Formal Jobs 0.810, 0.758 0.114, 0.111 0.076, 0.131
Informal Jobs 0.206, 0.193  0.600, 0.518 0.194, 0.290
Non-employment 0.095, 0.080  0.149, 0.134 0.756, 0.786

ii) Non-Graduate Transitions Formal Jobs Informal Jobs Non-employment

Formal Jobs 0.702, 0.644  0.201, 0.211 0.097, 0.145
Informal Jobs 0.088, 0.074  0.702, 0.639 0.210, 0.287
Non-employment 0.028, 0.021 0.146, 0.132 0.827, 0.848

Notes: This table documents (a) transition rates between 2018Q2-2019Q4 (in blue); and
(b) transition rates between 2020Q1-2020Q3 (in red). Source: Authors’ calculations using ENOE data.

2021Q1-Q3 despite only accounting for 61% of employment. By contrast, graduates only accounted for 33%
of job losses despite accounting for 39% of employment. These differences are much less marked for the
formal/informal distinction: formal employment was 43% of employment in 2020Q1 and accounted for 44%
of job losses, while informal employment was 57% of employment in 2020Q1 and accounted for 56% of job
losses. This evidence supports our focus on the impact of the pandemic on non-graduates. Figure 2) also
documents the recovery in employment in the final quarter of 2020. As discussed above, this recovery largely

consists of an increase in informal jobs.

[ ] B Grads in formal jobs
Graduates in informal jobs
_ B Non-grads in formal jobs
I

B Non-grads in informal jobs
@ Grads non-employed

. Non-grads non-employed

o
5
2020Q3-2020Q4
Q320200 —

-2M 0 M 4M

Figure 2: Employment Changes in Mexico, 2020Q1-2020Q4

Source: Authors’ calculations using ENOE data.

Table 1) documents how the pandemic affected labour market transition rates. We note that proportional
increases in rates of job destruction and reductions in rates of hiring are larger for graduates and for formal
workers. The rate of job destruction for graduates in formal jobs increased by 72%, from 0.076 to 0.131; the
comparable increase for non-graduates was 49%, from 0.097 to 0.145. Rates of job destruction for graduates
in informal jobs increased by 49%, compared to 37% for non-graduates. The hiring rate into formal jobs fell
by 92% compared to a fall of 25% for non-graduates, while hiring rates into informal jobs fell by 10% for both
graduates and non-graduates. The disproportionate impact of the pandemic of non-graduates documented

in Figure 2) arises because of the systematically higher rates of job destruction, and lower rates of hiring



for these workers. This evidence argues against the severe shocks hypothesis, and supports the same shocks

hypothesis showing that vulnerable workers were more severely affected by the pandemic.

3 The Model

The previous section has documented the different experiences of graduates and non-graduates in the Mexican
labour market, working in formal and informal jobs, before and during the pandemic. In this section, we
develop a model that is designed to explain these differences. The existing literature analyses one dimension
of this, accounting for differences between the formal and informal sectors. But it does not consider the
other dimension, since it does not distinguish between graduates and non-graduates.

In the existing literature that features formal and informal employment, Restrepo-Echavarria (2014),
Fernandez and Meza (2015) and Horvath (2018) use Real Business Cycle-type models, in which all markets
are frictionless and competitive. Colombo et al. (2019) and Alberola and Urrutia (2020) use a New Keynesian
framework with nominal rigidities. Colombo et al. (2019), Leyva and Urrutia (2020), Alberola and Urrutia
(2020) and Leyva and Urrutia (2021) assume there are search frictions in the formal labour market but not
the informal labour market. Leyva and Urrutia (2020) and Alberola and Urrutia (2020) assume there is
only self-employment in the informal sector, whereas Colombo et al. (2019) model informal employment by
including informal sector firms, citing evidence in La Porter and Shliefer (2008). The existing literature does
not model the flows of worker between formal and informal sectors that are revealed in Table 1).

Our model builds on the existing literature: the key innovation is that we distinguish between graduates
and non-graduates on the basis of the evidence in section 2). We assume there are search frictions in
both formal and informal labour markets and follow Colombo et al. (2019) in modeling informal sector
firms.'' In order to account for the evidence of flows of workers between formal and informal sector jobs,
documented in Table 1), we assume that all workers search for employment in both formal and informal
sectors. Our evidence-based decision to combine unemployed, “available” and “non-available” workers into
a single category implies that the decision of whether to participate in the labour market is not relevant
in our model. We use a New Keynesian framework with nominal rigidities in order to be able to include
aggregate demand and monetary policy shocks in our simulations of the impact of the pandemic. Our model
is summarised in Figure 3). Our model has four distinct labour markets, i) graduates in formal firms, ii)
graduates in informal firms, iii) non-graduates in formal firms, and iv) non-graduates in informal firms. In
each, firms post vacancies and hire workers who are either non-employed or employed in a different type
of firm. There are shocks to aggregate demand, to monetary policy, to the relative demand for formal and
informal goods, to productivity and to job destruction. We assume that productivity and job destruction
shocks are the same for each of the four types of employment, in order to test our hypothesis that structural
differences in the Mexican labour market imply that shocks that are the same for all workers have more

severe impacts on non-graduates and on informal workers.
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Figure 3: The Dynamics of Graduate and Non-graduate Job Search

3.1 The Labour Market

There are LY graduates and L™ non-graduates. In any period, ne! graduates are not employed, nf’l

graduates are employed by informal firms and nt’F are employed by formal firms, so

L9 =ned +nd" +nd" (1)

g

Similarly, in any period, ne;Y non-graduates are not employed, n;? 1 are employed by informal firms and

n* are employed by formal firms , so

I F
LM = ne?g + ’I’L;Lg’ + n?g, (2)

We summarise the labour market transitions for graduates and non-graduates in Fig. 3). We outline the
labour market for graduates in formal firms but the labour markets for other jobs have the same structure,

as outlined in the Online Appendix.

3.1.1 The Labour Market For Graduates in Formal Firms

Formal firms post v; T Vacancies for graduates. Search for these jobs comes from non-employed graduates
and from graduates employed by informal firms, given by s/ = ¢ INE-Fyped 4 coALFY 91 where ¢9-{NE.F}

and ¢91F} are the intensities of search, by graduates not in employment and in informal firms, for jobs in

F
formal firms. Defining tightness in the market for formal sector graduate jobs as 67 e ZSF , hires are given
t
by
BT = (g ) 3)

HFernandez and Meza (2015) show that self-employment in Mexico correlates closely with measures of informal employment
that assume there are informal firms; this suggests that modeling choices around this issue are not critical.
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. . ANE.,F 29 g, F AIF g AL F}po.1
We assume that hires are proportional to search, so hY { - e p?F and hY ey Ci
S

hg’
I . . . g,{F,NE}
Considering employment of graduates in the formal sector, job destruction occurs, at rate 7} ;

9 {F.NE} g.F g {F,I} gF
Ty

SO T graduates leave formal sector employment and become non-employed. And 7

workers leave the formal sector for alternative jobs in the informal sector. Since 7y’ AREY | g {F.NE } +

et ARTY 1, employment of graduates in formal firms is therefore

9.F _ 9. {F.F} g, Fy pokF
Net1 = g1 ny + hily (4)

where h9F is the number of graduates hired by formal firms. These hires come from non employed graduates

and graduates employed by informal firms, so
hf,F _ hzq,{NE,F} + htg,{LF} (5)

hg ANE,F} . is the number

hg{IF}

is the number of not employed graduates hired by formal firms and A ALF}

of graduates hired from informal firms. There are given by h{ +{1N BFY 7iod +{1NE F}net and

wf_’i_{f 3097 We model the rate of job destruction as wf"U"NFY = qo {F.NE}eel . 70.{a.NE} ig the steady-
state rate of destruction of graduate formal jobs and €7 is a shock that captures the impact of the pandemic
g,{F, F} iq,{I,F} 7_r;:],{NE',F} and

where

on the rate of job destruction.!? The job finding and retention rates, ie

vl ALEY are endogenously determined by our model.

3.2 Households
Household members collectively derive utility from consumption. The household utility function is
N e
_ itk t+k
—EtZBG *"71777 (6)
k=0
where C' is consumption and e’ is a preference shock. The budget constraint of the household is

Pt Z Z U};JTL?J =+ Ptbnet + Btfl + Ht — Tt = PtCt + tht (7)
i€{I,F}je{l,F}
F

F I

where w9 F, w9 F w9l and w9 are respectively the wages of graduates in formal firms, non-graduates in
formal firms, graduates in informal firms and non-graduates in informal firms; P is the consumption price
index, ne; = ne;y'? +nef is the number of non-employed workers, b is the real opportunity cost of employment
and the value of home production'® comprising the value of leisure and unemployment benefit, ¢ = l—ﬂ is
the nominal price of bonds, II is the profit the household receives for the ownership of firms and T} is a
lump-sum tax levied on the household by the government.

The household chooses consumption and bond purchases to maximise utility subject to their budget

12We assume that €7 is the same for all job matches since we are considering the same shocks hypothesis. It would be easy
to allow for match-specific job destruction shocks in order to investigate the severe shocks hypothesis.

I3 There is no universal unemployment benefits system in Mexico. Apart from some limited cases (eg a 4 month program
of support for some individuals in Mexico City who were previously employed in formal jobs), unemployed workers receive no
state support.



constraint. The optimality condition for consumption and bonds gives the Euler equation

~ o 14
C;" = et B, O —— L
¢ pet By 1+ B

The real interest rate r; = %, so equation (8) implies that the stochastic discount factor is
d Et -
EiBr i1 = Be % (9)
Gy

The household derives utility from consuming both formal and informal retail goods. We assume

1
v—1 v—1

o= [@HHCEH) T +a-tHrEehH =] (10)

where C* is consumption of formal retail goods, C! is consumption of informal retail goods and v is the

elasticity of substitution between them.'* T'F" is the proportion of household consumption that is of formal

F
retail goods and I'f' = I'F et , where el'* is a shock to the preference for formal retail goods relative to
informal retail goods. We use this shock in modelling the impact of the pandemic on the demand for different

types of goods. The implied price index is

1
—v

P = [DF (P + (=T ) (P | (11)

where P[F is the price index for formal retail goods and P/ is the price index for informal retail goods. The

demand for formal and informal retail goods is

F r(PIN
CF =T (—) C, (12)
P,
and

Pl\-v

cl=a-rH)(%) ¢ (13)
Py

Household consumption of formal retail goods is a composite of individual formal retail goods defined

by CF = (fol(Cﬁ) vFldj)"F—l, where C'JF is household consumption of formal retail good j. The price

1

index for formal retail goods is Pf" = (fol (Pﬁ)(l_”F)dj) =7 where Pf" is the price of formal retail good j.
Similarly, household consumption of informal retail goods is a composite of individual informal retail goods

vl vl
defined by Cf = ( fol (Cf) T 1dj) »I=1, where C] is household consumption of informal retail good j. The
corresponding price index is PtI = (fol (Pﬁ)(l_yl)dj) 1—»T where PjI is the price of informal retail good j.
Households purchase formal retail good j from the retail firm in the formal retail sector that sells this

good. Household demand is
PEN "
ofi=(gF) o (14)
t

Similarly, households purchase informal retail good j from the retail firm in the informal retail sector that

14Informal goods are often substitutes for formal sector goods. For example, informal street markets offer similar goods and
services to formal sector shops. And outlets selling informal street food have similarities with formal restaurants.



sells this good. Household demand for this good is

PI T
cl = (p*?) cf (15)

3.3 The Government, the Central Bank and Aggregate Demand

Aggregate demand is the sum of demand from households and the Government.
Y, =C, + G, (16)

Government demand for output is the sum of the demand for formal and informal retail goods, so

Gy =G +GY (17)
F F
We assume that government expenditure does not distort the pattern of aggregate demand'®, so %tt = %
We assume that the Central Bank sets the interest rate using the simple Taylor rule
Qv =1+ Gnme + Gyl + € (18)

where ¢ is the output gap and ! is a monetary policy shock.

3.4 Wholesale Firms

We will outline the environment and decisions of formal sector firms. The analysis for informal firms is

similar, as outlined in the Online Appendix.

3.4.1 Formal Wholesale Firms

All formal wholesale firms are competitive and identical. There is no rigidity in wholesale prices, so all formal

wholesale firms set the same price. The objective function of the representative formal wholesale firm is

F BNk (PEY  wr F g F F ng,F F g,F F_ng,F

_ t 5 o 9, 9, _ ng, ng, _ ~9 g, _ ~"Mg, ng,

Jy = Ey E A, { 123 Yiik Wit Mt = Wi Mpre — 77 U Y Vg } (19)
k=0 t

YW’F PF’W

where is output, is the price of the output of formal wholesale firms, P¥ is the price of the

n9,F is the cost of

output of formal retail firms, v9¥ is the cost of posting a vacancy for a graduate and -
posting a vacancy for a non-graduate.
Based on evidence in the Online Appendix that graduates and non-graduates do different tasks in formal

firms, we express the production function as
W.E _ p9,F g.F ng,F _ng,F
Y, = Ay g AT (20)

where Af’F = A9 Fest Afg’F = A" Fesi and e is a shock to the productivity of workers; this will capture

the impact of the pandemic on productivity.'® The formal firm chooses the number of vacancies for graduates

15We subsume the impact of a government demand shock into the aggregate demand shock.
16 As with job destruction shocks, we assume £° is the same for all workers since we will simulate this model under the same
shocks hypothesis; it would be easy to allow for different productivity shocks for different types of worker.

10



to post to maximise (19) subject to (20) and (4). The optimality condition is

oIk, oJkE
;—j_ —v9F + BBy t+1qt+F1 t+1 =0 (21)
vy onj t+1
F F a7F
where ;:_{; = A: —wf + Eyn! +{1FF Bt.t+1 th+1 and where pf Ftw. Noting that (21) implies Zi;fpl
t41
At oJf _ AP 9,{F,F'}
—L—, and so iy = S —w 4 B! T Bt e the optimality condition implies
tht-%—l on t’ 1% q:3
APF
P = w4 A\F (22)
where )\q’ = 9 F ( T Etﬂf+{1 }Bt t+1 5, F) is the marginal cost of hiring a graduate for a formal firm.

Using similar arguments the optimality conaltlon for non-graduates at formal firms is

A9 » »
t — = w;ﬂg, + )\?9; (23)
7
F,F . . o
where AP = ’yng7F(qﬂ;F - Etwff’l{ ' }Bt$t+1 qn%) is the marginal cost of hiring a non-graduate for a
t t+1

formal firm.

3.5 Wage Determination

We assume that wage bargaining takes place between firms and individual workers. We incorporate real wage
rigidity, which we model following Krause and Lubik (2007) and Faia (2008). We outline wage determination

for graduates in formal firms.!” This wage is given by

wf,F _ {(pg,ng,F +(1- (pg,F)wf{g’F}} (24)

where w,’ big. F'}

is the wage implied by bargaining, w9 is the steady-state value of this wage, %" captures
real wage rigidity. Since graduates can work in both formal and informal sectors, w9 ¥} will depend on
conditions in the informal sector. Wage bargaining for graduates in both sectors is determined by the sharing

rules
(1= 9F)spF = o T (25)

and
(1—99T)sp! = 9o pp! (26)

where S7 + and S7 T are is the surpluses to the household from an additional graduate being employed in a
formal and an informal firm, respectively, F{ " and F? T are the respective surpluses to firms and 99 and

991 are the respective bargaining powers.
aJ]
T on 9 o

returns, we can combine this with the optimality condition for formal firms to obtain

The formal firm’s surplus from the wage bargain is F}’ F— Because of the assumption of constant

R i F F rry vE
Ft!L — AQ {9 } + Etﬂt t+17rt+{1 } = (27)
pf qtf+1

"Details of this, and wage determination for other types of job match, are contained in the Online Appendix.
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and

F o
Etth+1 = Et q-‘?’F (28)
t+1
We can express household utility as
Cout
v = Ty + EB Vi (29)

where §; = Beefﬂ. The surplus the household derives from successful conclusion of the graduate formal

L F vt avH :
sector wage bargain is Sy = Cl_n ( o T~ o ) and the surplus from successful conclusion of the graduate
t e t
. . avt avH
informal wage bargain is $97 = _L_(Ze, — 24,

T o \ondT T Tou]
From these, we can express the bargained wage for graduates in formal sector firms as

rv -
wi! = ng’F{ﬁA?’F + Cg’{NE’F}’Yg’FEtﬂt,tJrletgﬁ} + Wg’IVQ’IEtﬂt,tH@tgjrll + (1 =720 (30)

~ 1—p9:F
where 791 = ngyl(l_nw)(cg’{ﬂl} — (oANEI,
F,W
The real wage for formal sector graduates depends on their marginal product (P;F
t

marginal cost of hiring replacement workers (proportional to v Gfﬁ) It also depends on the cost of

A%") and the

hiring graduates in informal firms (proportional to 9 Hf’fl). This latter effect arises because the value
to the household of an additional employed graduate, rather than an additional not employed graduate,
depends on the impact this hire has on the probability that this worker is employed in the informal sector

in the next period.

3.6 Retail Firms

There is a continuum of identical formal sector retail firms, with production function
Y =y (31)

where YW.F'

are purchases of formal sector wholesale goods. Formal sector retail firms re-optimise price
with probability (1 —w!"); firms that do not re-optimise increase price by a proportion ™" of the previous
sectoral inflation rate. The informal retail sector is similar. There is a continuum of identical informal sector
retail firms, with production function

v/ =y (32)

In this sector, retail firms re-optimise price with probability (1 —w?); firms that do not re-optimise increase

price by a proportion ¢™! of the previous sectoral inflation rate.

4 Calibration

We will analyse the impact of the pandemic in Mexico by simulating our model around its steady-state, using
a series of shocks that are designed to mimic the Mexican pandemic. Since the impact of the pandemic on
the Mexican labour market and economy was so large, we can assume that Mexico was close to steady-state
in the periods immediately before the onset of the crisis. As a result, we treat the values in Figure 1) and
Table 1) as steady-state values. Based on Figure 1), we set n9f" = 0.123, n9! = 0.076, ned = 0.104, n"9F" =
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0.105, n™91 = 0.234 and ne™ = 0.359 as calibration targets. From Table 1), we have 79AFRNEY — 0,076,
a9 ALNEY — 0194, 7noAFRNEY = 0,097 and 791 NE} = 0.210 as calibration targets for the rates of job
destruction. And we use 7915 FH = 0.810, 7901 = 0.600, 779 {FFE = 0.702 and 7791 = 0.702 as
calibration targets for the rates of job retention. Our calibration targets for graduate job finding rates are
n9ANEF}Y — 0,095, 7910 = 0.206, 79 INE1} = 0.149 and 7951} = 0.114, while for non-graduates, they
are m"9ANEF} — 0,028, 779 ALF} = 0,088, 779 ANE I} = (0.146 and 79151 = 0.201.

These values give implied steady-state values of hiring flows. For example, hiring of graduates by formal
sector firms from non-employment is A9 {NEF}Y = 7o ANEF}peo — 0.0099. This and other steady-state
hires give us a further set of calibration targets, which are documented in Table 2). For graduates, most
hires by formal sector firms come from workers employed in the informal sector rather than from the non-
employed. For informal firms, hires from the formal sector and from the non-employed are roughly equal.
For non-graduates, the majority of hires by formal firms come from the informal sector, whereas most hires

by informal firms comes from the non-employed.

Table 2: Calibration Targets For Labour Market Hires and Search in Mexico
% of workforce

i) Graduates Formal Firms Informal Firms
Formal Firms — ho{EIY = 0.0140
— s9 B} = (0.0230
Informal Firms hoALEY = 0.0157 —
s9LFY = 0.0525 —
Non Employment ROANEFY — 00099  hoINEI} = 0.0155
sOANEF}Y — 00832 s {INEI} — (.0208
ii) Non-Graduates Formal Firms Informal Firms
Formal Firms — ho AT = 0.0211
— s} = 0.0361
Informal Firms h9ALEY = 0.0206 —
s ALFY — (0.5516 —
Non-Employment RroANEFY — 00101 Ao ANET} = 0.0524

stANEFY — 02693 s"9ANE.I} — (),0898

The next step is to determine job search. We calibrate the search effort of non-employed graduates

as ¢9WNEF} — (.800. Since hiring rates of different groups are proportional to relative search intensi-

hg,(NE,F} Sg,{NE,F} g,{NE,F}neg

ties, then *—o-p— = =7 = ReITYE Rt This implies that we can calibrate the search intensity
. . g {IF} Cg,{NE,F}ug hoIF

of graduates in informal firms as (% = o T aner = 0.691. Non-employed workers search for

jobs in formal and informal firms. We normalise search effort by assuming (9 {NEF} 4 coANEI} —

and ("9ANEF} 4 cngANEI}Y — 1 For graduates, this implies ¢9{NVE-I} = 0.2, which in turn implies

gg {FI} o Cg,{NE,I}ug hg,FI

7 o.wear = 0.187. We calibrate the search intensity of not employed non-graduates

for employment in the formal sector as (" {NE-F} = (.75, Following similar arguments to above, this im-
plies ("9ANE I} — .25 ¢m9ALFY = 2357 and (911} = 0.344. These calibrated search intensities imply
calibration targets for the levels of job search; these are also documented in Table 2). We note that for grad-
uates, search by workers in informal jobs for formal sector jobs is more than double the search of workers in
formal jobs for informal jobs; and the search of unemployed graduates for formal sectors jobs is four times
larger than their search for informal jobs. The pattern of search for non-graduates is similar.

We next calibrate values for the matching elasticities («), the mark-up for formal and informal sectors
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(1), relative bargaining power (), steady-state productivity (A) and the cost of posting a vacancy () as
detailed in Table 3). We also set the real opportunity cost of employment and the value of home production
and leisure as b = 0.4 and the discount factor as § = 0.995. We then solve for the values of the wage (w),
labour market tightness (6), the marginal cost of hiring (A) and the efficiency of job matching (m), for each
type of job match, that ensure our calibration targets are met, while also satisfying the matching functions
(e.g. (3)) and the optimality conditions (e.g. (22)). To illustrate this for the labour market for graduates in
the formal sector, we calibrate a9f = 0.5, A%F = 1.3, ¥ = 1.1, n9F = 0.5 and y9F = 0.25. We obtain
99F = 0.819, w9t = 0.951, \9F = 0.231 and m?¥ = 0.208. From Table 3), we note that the wage premium
for graduates over non-graduates is higher in formal jobs, that the labour market for informal jobs is tighter
than that for formal jobs, implying that workers can find employment in the informal sector more easily and
that job matching is more efficient for informal jobs. Table 3) also documents the implied value of the surplus
from each type of job match.'® We find that the surplus for graduates is higher than that of non-graduates,
especially in formal jobs. This confirms our assertion that the surplus from employing non-graduates is low;

such job matches are therefore more fragile than job matches with graduates, consistent with Table 1).

Table 3: Implied Steady-State Tightness, Wages and Hiring Costs in Mexico

a A pu %) 0 0 w A m J
i) Graduates
Formal Firms 05 13 11 05 025 0.819 0951 0.231 0.208 1.094
Informal Firms 05 07 11 02 0.1 2312 0502 0.135 0.444 0.345
i) Non-Graduates
Formal Firms 05 06 1.1 03 0.15 0.068 0465 0.081 0.144 0.273
Informal Firms 05 05 1.1 0.1 0.05 1329 0419 0.036 0.507 0.114

5 Modelling the Pandemic

5.1 Modelling the Pandemic

We model the impact of the Covid-19 pandemic as a series of deterministic simultaneous shocks. To model

the impact of these, we write the linearised representation of our model as'®

AoEoXpp1 = A1 X + Ao Xj—q + Bel™ (33)

for k =1,2,3..., where X}, is a (n x 1) vector containing the n endogenous variables of the model at time k;

pan
€k

is a (s x 1) vector containing the s shocks that we use to represent the pandemic; Ay, A; and As are
(n X n) matrices and B is a (n X s) matrix; these contain structural parameters of the model, calibrated as
described in the previous section. In our model, n = 85 and s = 5. We proceed by choosing values for the
shocks in eP*™ so that simulated values for the four types of employment and for output match the data. An

alternative methodology, used by Leyva and Urrutia (2021), would be to use the data to back out the implied

9 F
E¢Bq9:F"

190ur model contains over 60, often highly nonlinear equations. It can be solved and simulated without linearisation; but
we found that solutions were sensitive to small changes in the specification of the model. This was an issue when exploring the
scenarios outlined below. After some experimentation, we chose to simulate a linearised version of our model, as this gave more
robust results.

18For example, the surplus for graduates employed in formal jobs is J9F =
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shocks from the calibrated model. In practice, these approaches are similar.?’ We assume the pandemic
began in 2020Q2, when k = 1; we assume the Mexican economy was in steady-state (relative to the major
disruption that followed) in 2020Q1. We use a deterministic simulation of the model, showing the response

pan - We model the shocks after this date as autoregressive

of the endogenous variables to the shocks in &
processes, So

el = piei_y (34)

for k > 1, where z indexes the shock; so the behaviour of the shock over time is characterised by the incidence
in 2020Q2 and the persistence parameter.

Our calibrated shocks are documented in Table 4). Our model contains shocks to aggregate demand (¢4),
to monetary policy (g%), to the relative demand for formal and informal goods (5FF), to productivity (&%)
and to job destruction (7).2! We calibrate 7 to give a 9.5% reduction in aggregate demand in 2020Q2. We
mimic the response of the Central Bank of Mexico to the pandemic by calibrating an initial 85bp decline in
the policy rate, followed by further cuts of 100bp and 115bp, giving a total of 300bp, in subsequent quarters.

We also calibrate &b

" to give a 5% reduction in the relative demand for retail formal goods at the onset
of the pandemic; for example, as a result of households switching expenditure away from informal sources
such as street food and open-air markets towards restaurants in the formal sector offering takeaway and
delivery services.?? Qur calibration of supply shocks reflects data on the impact of the Covid-19 pandemic
on productivity via workers being away from the workplace. We denote the proportion of workers who
were away from the workplace and not working as ¢¢** and the proportion working from home as qﬁi"f h
These latter contribute to production, but are less productive than those who continue at the workplace; the
relative productivity of working from home is denoted as w;’ IR This implies that the supply shock during
the pandemic is et = (107" =0 7" ") W calibrate &° to give a 12% reduction in productivity at the

onset of the pandemic and calibrate €™ to give a 60% increase in job destruction.

Table 4: Calibrated Shocks

Shock Variable Change in Variable Persistence of Shock
4 Aggregate Demand 19.5% 0.86
€l Monetary Policy 185 b.p 0.86
e’ Relative Demand for Formal Goods 1 5% 0.86
e’ Productivity 112% 0.40
g™ Job Destruction 1 60% 0.40

5.2 Simulation Results

The results of our simulations are shown in Figure 4). The top-left hand panel plots actual and simulated
values for employment of graduates and non-graduates. Even though all workers are hit by the same shocks,

our model is able to replicate the much larger fall in non-graduate employment, capturing the impact of the

200Qur approach ensures that our model matches the data on employment and output, as these variables are central to our
research questions. We give less priority to matching movements in other variables during the pandemic, but will return to this
in future work.

21Reflecting differences in the model they use, Leyva and Urrutia (2021) analyse the pandemic using a different set of shocks:
they use shocks to the disutility of working, to the foreign interest rate, and use productivity shocks for the formal and informal
sectors. They do not use aggregate demand or monetary policy shocks as their model assumes price flexibility.

221LO (2020a) and ILO (2020b) document the especially severe impact of the pandemic on street vendors and other traders
without a fixed location.
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Figure 4: The Baseline Model

larger reductions in hiring and larger increases in job separation for these workers which result from smaller
surpluses from job matches with non-graduates. The bottom-left hand panel plots actual and simulated
values for employment of formal and informal workers. The simulated model is able to replicate the larger
fall in employment of informal workers in response to shocks that are the same for all workers, again because
the surplus from a job match is smaller for informal workers. These results show that the differential impacts
of the Covid-19 pandemic on different types of workers are caused by structural inequalities in the Mexican
labour market.

The upper-right panel plots the simulated values of output against actual outcomes; here, the model is
able to capture the very steep fall in output in 2020Q2 and the subsequent recovery. The bottom right panel
of the Figure plots the simulated value for the real wage. There is strong composition effect that implies a
rise in the aggregate real wage even though wages in the formal and informal sectors are suppressed. This
effect is present in the data, but this occurs 1-2 quarters later than in our simulations. This is probably
because of the impact of features such as the minimum wage system and other aspects of wage determination

that are not captured in our model.

6 Conclusions

This paper has analysed the differing impacts of the Covid-19 pandemic on the labour market in Mexico. We
have highlighted how the crisis exacerbated structural differences in the Mexican labour market that impact
disproportionately on non-graduates and those working in informal jobs. These structural differences are
manifested in systematic differences in rates of hiring from non-employment and transitions from employment
into non-employment between graduates and non-graduates and formal compared to informal workers. To

explain these findings, we have built a DGSE model that differentiates between graduates and non-graduates
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as well as between formal and informal workers. The key feature of our model is that non-graduates and
informal workers are more likely to be employed in jobs that generate a smaller surplus. This enables
our model to explain the shorter job tenures and much higher rates of transition from employment to non-
employment for non-graduates compared to graduates. We simulate this model using shocks that are designed
to replicate the impact of the pandemic under the assumption that all workers are hit by the same shocks.
The small surplus for job matches with non-graduates and formal workers makes these matches more likely
to break down in response to shocks than matches with other types of workers; this is the mechanism through
which simulations of our model are able to match the larger impacts of the pandemic on non-graduates and
informal workers.

Our results show that extending a standard DSGE model with labour market frictions to reflect the
different experiences of different workers can give useful insights into the impact of the pandemic in an
economy like that of Mexico, and can be useful for policy evaluation. However, there are some caveats.
There is no uncertainty in our model. We assume the pandemic does not affect the steady-state or change
structural relationships. And we use a linearisation of the model even though the pandemic moves the
economy some distance away from the steady-state. Given the unprecedented scale and nature of the crisis,
it is important that the impact of the pandemic on the labour market is also analysed using alternative
models and approaches.

Our model and findings are likely to have relevance beyond the case of Mexico. The importance of informal
employment, mainly of non-graduates, has been widely documented, accounting for 55% of employment in
upper-middle income countries, such as Mexico, and for 85% of employment on average in lower-middle
income countries (ILO, 2020a). As discussed by Furceri et al. (2020) and ILO (20200), the impact of the
Covid-19 pandemic has been especially severe on these types of jobs. Our model may be useful in explaining

the differing impacts of Covid-19 in these types of countries; we intend to address this in future work.
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