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Optimal Taxation, Inflation and the Formal and

Informal Sectors

1 Introduction

Price inflation, inadequate wages, and an increasing surplus to the re-
quirements of the urban labour market have led to a high degree of informal-
ity in the income generating activities of the urban proletariat. Consequently,
income and expenditure patterns are more complex than is normally allowed
for in the economic analysis of poor countries.1

In 1973, economic anthropologist Keith Hart, who is credited with introducing the con-
cept of the informal economy (Bekkers and Stoffers, 1995), made the above observation
about the economy of Ghana, a developing country on the coast of West Africa. More
than thirty years on, the analysis remains just as valid for describing the situation in
many Third World countries, and the problems associated with studying their economies.
Indeed, high prices are a persistent feature of the economies of several developing coun-
tries. This claim is supported by numerous studies; for instance, Koreshkova (2006) finds
a high difference between the mean inflation rates for rich versus poor countries (4.4%,
against 19.1%). Similarly, Campillo and Miron (1996) also find a strong negative rela-
tionship between inflation and per capita GDP, and significantly higher rates of inflation
for poorer countries; while Agenor and Montiel (1999) contend that high inflation has
been a central problem confronting policy makers in several developing countries.

At the same time, the economies of many developing countries are also characterised
by the presence of a large informal sector (see Koreshkova, 2006; Saracoğlu, 2008; and
Schneider and Enste, 2000). In light of these unique features of developing countries, it
is possible to propose a public finance rationale for inflation, where the government uses
monetary policy to tax a large, pervasive informal sector. This paper, then, will employ
the public finance motive for inflation to study the response of the government’s optimal
taxation policy2 to changes in the subsistence levels of labour and consumption faced by
the formal and informal sectors of the economy, which are elaborated subsequently.

1Hart, K. (1973). Informal income opportunities and urban employment in Ghana. The Journal of
Modern African Studies, 11 (1), 61-89.

2 By optimal taxation policy, we mean a policy which maximizes the government’s utility, which is
what the Ramsey problem approach we employ is all about: a benevolent planner who is solely interested
in maximizing the utility of the households, while meeting the government’s budget constraint. We
assume away all negative utility fallouts of a high inflation rate.
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There are numerous definitions of what exactly constitutes informal activity in an
economy, ranging from illegal transactions to traditional, small-scale industry in devel-
oping countries. For instance, Feige (1990) defines informal firms as: “those engaged
in activities (that) circumvent, escape, or are excluded from the institutional system of
rules, rights, regulations and enforcement penalties that governs those agents engaged in
formal production and exchange.” For most developing countries, the concept of infor-
mal enterprise is also associated with having fewer barriers to entry as opposed to formal
enterprise, and relying on indigenous resources, family ownership, labour intensiveness,
and unregulated, perfectly competitive markets (Bromley, 1978). Mead and Morrisson
(1994) liken the informal sector to an elephant: one might not be able to characterise
its true nature exactly while being blindfolded, but upon observation, there remains no
doubt about what stands in front.

The use of inflation to tax the informal economy has been a standard argument in
the literature (see Bailey, 1956; Phelps, 1973 and Nicolini, 1997). According to Friedman
(1969), in a first-best environment, where the government has access to lump-sum taxes,
monetary policy should follow a standard rule: nominal interest rates should be set
equal to zero, corresponding to a zero inflation tax. Correia and Teles (1999) provide
the logic behind Friedman’s argument: since the marginal cost of supplying money is
negligible, and the marginal benefit should equal marginal cost, therefore, the nominal
interest rate should equal zero. In monetary economics, this is known as the Friedman
rule of taxation.

However, the literature is more inconsistent in establishing the optimality of the
Friedman rule in second-best environments, where taxes are distortionary. Phelps (1973)
contends that if alternative sources of revenue create distortions, then liquidity should
be taxed, just as any other good, and the nominal interest rate should be greater than
zero. This result is refuted by Lucas and Stokey (1983), who illustrate that it is still
possible to satisfy the Friedman rule within a second-best environment, when certain
conditions on the households’ utility function are satisfied. Correia and Teles (1999)
also find that the Friedman rule can be optimal in the presence of distortionary taxes,
as long as the cost of producing money equals zero.

On the other hand, when the cost of producing money is no longer negligible, then
the Friedman rule will not be optimal. This might happen in an economy with a large
informal sector that operates independently of the formal sector. The crux of the ar-
gument rests on the fact that transactions in the informal sector are largely cash-based
(Nicolini, 1997). As a result, money is no longer produced for free; because money equals
the nominal value of informal consumption, while informal goods are produced at a cost.
This enables the government to use a positive nominal interest rate as a tax on cash
purchases (Koreshkova, 2006). The optimality of a non-zero nominal interest rate in
the presence of imperfect taxation has been verified by Vegh (1989) and Roubini and
Sala-i-Martin (1995).

Therefore, this paper attempts to find an optimal taxation policy using both mone-
tary and fiscal tools for a model economy with a large cash-based informal sector. The
country that has been chosen as a unit of analysis is Pakistan. The economy of Pakistan
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Table 1; Currency in circulation as a percentage of GNP in South Asia

Bangladesh Bhutan India Pakistan Sri Lanka

2001 5.27% 6.77% 9.85% 10.33% 5.31%

2002 5.04% 6.34% 10.37% 10.90% 5.45%

2003 4.88% 6.24% 10.61% 11.29% 4.74%

2004 5.22% 6.83% 10.33% 11.37% 4.81%

2005 5.64% 8.01% 10.42% 11.03% 4.71%

2006 7.10% 7.05% 10.54% 11.25% 4.66%

2007 6.89% 8.87% 10.49% 11.42% 4.16%

Source: Haver Analytics

is a good candidate for such analysis firstly because it is characterised by a large informal
sector. According to statistics for 2009-10 from the Federal Bureau of Statistics,3 the
informal sector constitutes up to 72% of the non-agricultural labour force, and 40% of
the total labour force in Pakistan (FBS, 2008). At the same time, Pakistan also has
one of the highest currencies in circulation as a percentage of GNP in the South Asian
region, which indicates that a significant part of the economy is cash-based (see Table
1).

Of recent, the economy of Pakistan has also been characterised by high rates of
inflation, in excess of 20%, as indicated by statistics from the State Bank of Pakistan
(SBP, 2009).4As a consequence, it displays features that will be crucial elements of
our model, i.e., the ability to use inflation as a tax on a large informal sector, in an
economy where conventional fiscal tools’ outreach is limited to the formal sector. The
paper will employ a standard Ramsey planner approach that is used for such problems
(for instance, see Chari, Christiano, and Kehoe, 1991; Cavalcanti and Villamil, 2003;
Koreshkova, 2006; and Lucas and Stokey, 1983). The economy comprises two sectors
that use differing production processes to produce two distinct goods that the household
consumes. Households supply labour, which is the only factor of production, to both
the sectors.

However, this paper differs from earlier work in this area in two significant ways.
Firstly, the modelling of consumers’ preferences reflects a negative income effect prop-
erty for the informal sector good. There is good reason to believe that this presents
an accurate picture of the demand for formal and informal sector goods in developing
countries. For instance, Saracoğlu (2008) discovers that households in Turkey devote
smaller fractions of total expenditure to the consumption of informal and agricultural

3The Federal Bureau of Statistics is the primary statistical agency of the country, operating under
the Ministry of Economic Affairs and Statistics of Pakistan. It is responsible for collecting statistics on
the economy, the government, trade and other fields.

4The State Bank is the central bank of Pakistan.
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goods as incomes rise. Similarly, Tybout (2000) finds that there are Engel effects for
goods produced by cottage industries. Similar results are also reported by Irz and Roe
(2005), and Echevarria (1997, 2000). A negative income effect for the informal good is
incorporated using a subsistence level of consumption for the informal good, which is
retained as a variable in the model.

The second unique feature which we add to this study is the presence of an unavoid-
able sunk cost that the formal firm faces. This would amount to the cost of formality
that firms in the informal sector would not face; for instance, the registration fee paid to
the government. This is the second key variable that we keep as an instrument of choice
in the model. More specifically, we analyse changes in the tax policy resulting from
changes in the level of sunk cost faced by the formal sector, and informal subsistence
faced by households. This might allow us to comment on the implications of having a
high cost of formality (for example, a high registration fee), or a high dependence on
informal sector consumption for taxation in the model economy.

Very significantly, these two features will have serious repercussions for the relation-
ship that exists between informality and the inflation rate in the model economy. There
is some evidence for a positive relationship between inflation and the size of the informal
sector in literature. According to Koreshkova (2006), there is cross-country evidence to
suggest that average inflation rates correlate positively with the size of a country’s infor-
mal sector. These findings are also supported by Campillo and Miron (1996), who report
that the inflation rate is higher in industrialized economies, which have a small informal
sector, and lower in developing countries, which have large degrees of informality in their
economies. On the other hand, we find that what explains the informal sector’s large
size will determine the magnitude of the optimal inflation rate for the economy, so that
given the assumptions of the model, a larger informal sector does not necessarily imply
at higher rate of inflation.

For the purpose of this paper, we will use the definition of the informal sector em-
ployed by the Federal Bureau of Statistics, which uses two criteria to define the informal
sector: the enterprise must be private and unincorporated; and it must employ less than
ten units of labour (FBS, 2010).5The first condition ensures that informal firms do not
pay any taxes to the Government, while the second condition means that informal firms
will inevitably be small. All enterprises engaged in agricultural activities are excluded
from the definition of informality, as is standard for such studies.

The paper will proceed hereon as follows: Section 2 will describe the environment
in which households, firms and the Government make decisions, while Section 3 brings
together the agents’ interaction in the model and solves for an equilibrium. Having
arrived at an equilibrium, we then calibrate the economy in Section 4, and see how the
optimal taxation policy changes in response to variation in the level of sunk cost and

5It is a standard practice to use both registration status, as well as threshold criteria, in measuring
informality. For instance, the International Labour Organisation defines the informal sector as own-
account workers, domestic workers and micro-enterprises with up to 5 workers (Zuin, 2004); while Perry
et al (2007) report that labor informality in Latin America is primarily a small firm phenomenon, with
the vast majority of workers who are unregistered with social security administrations found in firms of
fewer than five workers.
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subsistence expenditure, in Section 5. Finally, Section 6 concludes the paper.

2 The environment

2.1 Households

Consider an economy that uses the representative household framework à la Lucas and
Stokey (1983). The household has a choice between goods from the formal and informal
sectors. To simplify matters, we use a standard cash-versus-credit good distinction here
for goods from the two sectors. More specifically, consumption of goods from the informal
sector cit can only be financed using cash, whereas consumption of goods from the formal
sector cft may be financed using cash or credit. This is a reasonable assumption that finds
support in the case of both developing, as well as developed, economies (Schneider and
Enste, 2000; Nicolini, 1997). The informal/cash good is paid for at the time of purchase
in period t, while the formal/credit good is paid for in period t+ 1(interest free). 6The
assumption of no interest is enforced to ensure that the household is indifferent between
using cash and credit in buying goods from the formal sector.

Besides consuming, the household also supplies labour to firms in the two sectors.
Labour supply to both sectors is separate: in each unit of time, the household’s total
endowment of time is normalised to 1 unit, out of which lft is supplied to the formal
sector and lit is supplied to the informal sector.7 The remainder of the time endowment
is spent on leisure. Households’ preferences over a stream of consumption goods cft, cit
and leisure 1− lft − lit, t=0,1,2,. . . are given by:

∞∑
t=0

βtu(cft, cit, 1− lft − lit) (1)

where β ∈ (0, 1) is the stochastic discount factor. The utility function that we employ
is:

u(cft, cit, 1− lft − lit) = a ln cft + b ln(cit − p̄) +
(1− lft − lit)1−θ

1− θ
(2)

which allows for negative income effects for the informal sector good. This is accom-
plished by utilising Stone Geary preferences for the household’s consumption, where p̄
represents the household’s unavoidable expenditure on the informal good. Note that we
must impose a non-negativity condition cit − p̄ ≥ 0 on informal consumption. Using
Stone Geary preferences for the informal sector good implies the existence of a mini-
mum subsistence level informal consumption, which would make demand for the infor-
mal good relatively inelastic. This formulation of the utility function has also been used

6The timing of purchase of formal and informal goods is fixed in this manner to maintain the indif-
ference of the household between buying on credit versus making cash purchases. The unit of time t
may typically be interpreted to mean one year.

7The idea that the household is indifferent between supplying labour to either the formal or the
informal sector may theoretically lead to a situation where all the labour force is employed either in the
formal or the informal sector. Given the assumptions of the model, which are not completely realistic,
this should not be a problem.
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by Saracoğlu (2008) to capture the Engel effects of consumption, whereby households
spend less on informal and agricultural consumption as incomes rise.

The utility function is additively separable in leisure. Moreover, labour is perfectly
substitutable between the formal and informal sectors. Besides consumption, households
also choose an amount of money holdings, Mt, and bonds, Bt, which may be issued by
the government and other households. Households earn income from working in both
sectors, and the profits that the firms earn from production. Households maximise their
utility from consumption subject to the following one-period budget constraint:

wf,t−1lf,t−1 + wi,t−1li,t−1 + Πf,t−1 + Πi,t−1 + (1 + it−1)Bt−1 +Mt−1

≥ pf,t−1(1 + τ ct−1)cf,t−1 + pi,t−1ci,t−1 +Mt +Bt (3)

and a cash-in-advance constraint:
Mt ≥ pitcit (4)

which ensures that nominal expenditure in the informal sector does not exceed the
household’s cash balances.

2.2 Firms

Production uses labour as the sole factor of production. This is a simplifying assumption
that is also used by other papers in this area, such as Koreshkova (2006) and Cavalcanti
and Villamil (2003).8 The production technology differs across sectors: production in
the formal sector is characterised by the presence of a sunk cost, k̄, that takes the form
of a constraint on the utilisation of labour:

yft =

{
B(lft − k̄)γ if lft ≥ k̄,
0 if lft < k̄.

(5)

According to Heijdra and van der Ploeg (2002), this formulation captures the notion
that the formal firm must spend a minimum amount of labour (“overhead labour”, k̄)
before it can produce any output at all. It is clear that formal firms face a cost of
formality that firms in the informal sector do not have to pay; for instance, the cost
of getting registered with the government, mentioned earlier. This is a sunk cost of
formality that enters the model as labour units in the formal firm’s production function.
Perhaps one way of understanding this is a conversion of the sunk cost into labour units,
given that labour is the only factor of production being employed by firms, and that the
sole determinant of firm size is taken to be number of employees. In this setting, then,
a larger value of k would imply a higher sunk cost, which is a realistic assumption for
large firms facing correspondingly high sunk costs.

8There is no economic intuition for using a sole factor of production; the assumption that production
employs just labour to produce output is made purely for simplification purposes, as is standard in such
models. Adding two types of capital, or even one, would unnecessarily complicate the model. Since
the focus of the paper is on determining optimal tax rates, this can be done by using different types of
labour alone.
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Other interpretations of k̄ could be extra hiring of workers that firms are required
to carry out in order to function in the formal sector. Formal firms may be forced
to hire more than the number of workers involved in production to account for poor
infrastructure in developing countries. For example, governments in poor countries often
provide a poor quality of law enforcement, so that firms may be forced to hire more
workers than those needed in production to provide security to the firm’s property. These
are issues a small informal firm would not be faced with. Formal firms might also be
legally obliged to comply with certain laws; e.g., abiding by hiring quotas from different
areas, ethnicities or genders, which might not match with the free market allocation.

On the other hand, production in the informal sector is not constrained by any sunk
costs. However, we assume that technology in the informal sector is inferior to that of
firms in the formal sector. In the model, this would imply that the productivity pa-
rameter, A, in the informal firm’s production function is smaller than the corresponding
parameter, B, in the formal firm’s production function:

yit = Alδit (6)

There is evidence to suggest that this is a valid assumption for the informal sector
in developing countries in general, and Pakistan in particular. For instance, Burki and
Terrell (1998) in their study on the manufacturing sector of Pakistan discover that small
firms, having lesser access to credit, use old/outdated technology, as opposed to the
latest technology that is used by large firms. In their results, they show that most small
firms are inefficient (as compared to other small firms), since they lie below the efficiency
frontier for the industry. Nasir (2001) claims that the informal sector in Pakistan suffers
from low productivity, and has little use for sophisticated technology that large firms
use. These findings are also supported by Kristiansen (2003), who studied formal and
informal production in Indonesia, and found that the rural cottage industry makes goods
using an inferior technology as compared to the urban sector, which is typically formal.9

2.3 Government

In our model economy, we integrate the monetary and fiscal authority into a single entity
known as “Government”. The government issues bonds and money, and earns income
from consumption taxes that are imposed on the formal sector, and an inflation tax on
the informal sector. The government spends an exogenous amount pftgt on purchases
from the formal sector. The government’s period budget constraint is:

τ ct pftcft +Mg
t+1 −M

g
t +Bg

t+1 − (1 + it)B
g
t ≥ pftgt (7)

where Mg is the money supply and Bg is the government debt.

9The evidence found in the literature provided to support the presence of an inferior technology in the
informal sector might be with reference to poorer quality of capital, or labour resources in the informal
sector, which we have not factored for explicitly. However, the reader is reminded that technology in this
model is treated as an exogenous variable. Therefore, the effect of poorer capital, manpower, working
environment, or other factors will filter into the model through the technology parameters, A and B.
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According to Lucas and Stokey (1983), tax policies that are optimal in the Ramsey
sense are prone to suffer from a problem of time inconsistency. In an economy such as
our’s, with no capital, this time inconsistency would manifest itself in the government’s
incentive to default on outstanding debt obligations (Albanesi, 2006). Therefore, in
order to circumvent this problem, we will assume that the government never defaults on
its debt obligations. This is the standard approach used in the literature (for instance,
see Koreshkova, 2006).

Why inflation acts as a tax on informal consumption should be fairly obvious. Di-
viding both sides of the government’s binding budget constraint by pit, we get:

τ ct
pft
pit
cft +

1

pit
(Mg

t+1 −M
g
t ) +

1

pit
Bg
t+1 − (1 + it)

1

pit
Bg
t =

pft
pit
gt (8)

Seigniorage, or the government’s revenue derived from issuing currency in this econ-
omy, may be expressed as ∆Mg

pit
. Therefore, we have seigniorage in the equation above.

According to Drazen (1985), we may decompose seigniorage into:

∆Mg

pit
= ∆m+ πitm (9)

where m refers to real money balances (using informal sector prices) and πit is the rate of
growth of prices in the informal sector. According to the cash-in-advance constraint that
households are subject to, pitcit = Mt, while we know that in equilibrium, Mg

t = Mt.
This allows us to rewrite the expression for seigniorage as:

∆Mg

pit
= ∆m+ πitcit (10)

In a steady state equilibrium, the government’s revenue expressed in units of the
informal good should equal:

πici + τ c
pf
pi
cf (11)

so that the rate of increase of prices in the informal sector acts as a tax on informal
sector purchases, while the consumption tax earns revenue from the formal sector.

Conversely, we can also express the government’s revenue in units of the formal good,
which would involve dividing the government’s binding budget constraint by pft. The
rest of the steps are the same, and we obtain a value for government revenue equal to
πi

pi
pf
ci + τ ccf .

3 Model equilibrium

3.1 Competitive equilibrium

We start by solving for the competitive equilibrium, which is a set of allocations {cft, cit, lft,
lit, Bt,Mt}∞t=0, a set of firm choices {ldft, ldit}∞t=0 and a sequence of prices and taxes,
{pft, pit, it, τ ct }∞t=0, such that:
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• given the sequence of prices and taxes, the allocations maximise (1) subject to (3)
and (4), together with a no-Ponzi games condition.

• given the sequence of prices and taxes, the firms’ allocations maximise profits; and

• market clearing:
Mt = Mg

t (12)

Bt = Bg
t (13)

ldft = lft (14)

ldit = lit (15)

Firms’ profits do not affect the households’ first order conditions, since these prof-
its are obtained by firms using profit maximisation and contain the optimal amount of
labour supplied. We simplify the first order conditions from the household’s maximisa-
tion problem to obtain five conditions that must be satisfied in equilibrium:

wft = wit (16)

uc(f, t)

pft(1 + τ ct )
=
−ul(t)
wft

(17)

uc(i, t)

pit(1 + it)
=
−ul(t)
wit

(18)

uc(f, t)

pft(1 + τ ct )
=

uc(i, t)

pit(1 + it)
(19)

1 + it+1 =
uc(f, t)pf,t+1(1 + τ ct+1)

βuc(f, t+ 1)pft(1 + τ ct )
(20)

in addition to the budget constraint (3) and the cash-in-advance constraint (4), for all
t. Here, uc(j, t) denotes the period t marginal utility of consumption for sector j for
j ∈ (f, i), while ul(t) indicates the period t marginal utility for labour. Since the leisure
component of the utility function is linear in the two kinds of labour, the marginal utility
does not depend on what sector the worker works in. Consequently, the first result (16)
indicates that the nominal wage in both sectors will be equal.10 While this appears odd
at first glance, yet there is some evidence to suggest that wages in the informal sector
in Pakistan are similar to those earned in the formal sector (see Burki and Afaqi, 1996).

The rest of the equations are standard results. Eq.(17) describes the intra-temporal
utility trade-off between an extra unit of formal consumption and an extra unit of work-
ing in the formal sector, while eq.(18) does the same thing for the informal sector. Eq.(19)
compares the intra-temporal trade-off between consumption from either sector. Finally,
eq.(20) determines the intertemporal utility trade-off in terms of formal consumption in

10There is no reason to believe that the real wage will also be the same in both sectors, if the price
level in both sectors is not equal.
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period t and t+1. Moving on to the firms, profit maximisation in a perfectly competitive
setup implies that optimal labour demand functions will occur where pjtMPLjt = wt
for j ∈ (f, i) and MPL being the marginal product of labour. This allows us to work
out both firms’ maximised profits, Πft and Πit:

Πft = pftB(lft − k̄)γ
[
1−

γlft

(lft − k̄)

]
(21)

Πit = pitAl
δ
it(1− δ) (22)

These profits will enter the household’s budget constraint as an additional source of
income.

3.2 Ramsey equilibrium

Assume the government body chooses an optimal policy plan s = {τ ct ,Mt, Bt}∞t=0 that
maximises the household’s welfare subject to the constraints necessary for a competitive
equilibrium. The nominal stock of money and bonds, M0 + B0 is set equal to zero for
simplicity.

The Ramsey equilibrium, then, is a policy plan s and a sequence of allocations
{cft, cit, lft, lit}∞t=0 such that:

• s maximises (1) subject to the resource and implementability constraints for the
economy; and

• the sequence of allocations solves the household’s problem, given the policy plan
s.

The government’s Ramsey problem is hence given by:

max
cft,cit,lft,lit

∞∑
t=0

βtu(cft, cit, 1− lft − lit) (23)

subject to the two resource constraints;

yit = cit (24)

yft = cft + gt (25)

and the implementability constraint:

∞∑
t=0

βt{ul(t)lft + ul(t)lit + ul(t)
1

γ

(
lft(1− γ)− k̄

)
+ ul(t)

1

δ
lit (1− δ) + uc(f, t)cft + uc(i, t)cit} = 0 (26)

Eq.(24) states that all goods produced by the informal sector are consumed by house-
holds, while eq.(25) states that goods produced by the formal sector are consumed by
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households and the government. Finally, eq.(26) determines the trade-off between con-
sumption and leisure, and is obtained by extending the household’s one-period budget
constraint to an infinite time horizon and substituting out all prices, wages, taxes and
the interest rate using the results from the competitive equilibrium. Note that firms’
maximised profits have been included in the implementability constraint.

Now, for purposes of convenience, we write the Ramsey problem in Lagrangian form.
Let us define:

W (t) = u(cft, cit, 1− lft − lit)

+ λ{ul(t)lft + ul(t)lit + ul(t)
1

γ

[
lft(1− γ)− k̄

]
+ ul(t)

1

δ
lit (1− δ) + uc(f, t)cft + uc(i, t)cit} (27)

Then, using the Lagrange method, where λ denotes the Lagrange multiplier on (26),
we maximise

∑∞
t=0 β

tW (t) subject to (25) and (24). The function W simply incorporates
the implementability constraint into the maximand. We obtain the following results:

Wc,i(t)MPLit +Wl,i(t) = 0 (28)

Wc,f (t)MPLft +Wl,f (t) = 0 (29)

where Wj,k(t) represents the partial derivative of W (t) with respect to jk,t. Note that
the results above are obtained after simplifying the first order conditions, so that the
Lagrange multipliers on the two resource constraints are eliminated.

Substituting for the Wj,k(t) terms, we get two equations in terms of cft, cit, lft and
lit:

uc(f, t)

{
1 + λ

[
1 +

ucc(f, t)

uc(f, t)
cft

]}
MPLft = −ul(t)

{
1 + λ

[
1

γ
+
ull(t)

ul(t)

(
lit
δ

+
lft − k̄
γ

)]}
(30)

uc(i, t)

{
1 + λ

[
1 +

ucc(i, t)

uc(i, t)
cit

]}
MPLit = −ul(t)

{
1 + λ

[
1

δ
+
ull(t)

ul(t)

(
lit
δ

+
lft − k̄
γ

)]}
(31)

From the household’s FOCs (17) and (18), we know that −uc(i, t)MPLit/ul(t) equals
1 + it and −uc(f, t)MPLft/ul(t) equals 1 + τ ct . Solving for the relevant Wj,k(t) and
substituting back into the equations derived above, we obtain the following results:

1 + τ ct = 1 + λ

[
1

γ
+

θ(lft − k̄)

γ(1− lft − lit)
+

θlit
δ(1− lft − lit)

]
(32)

1 + it =
1 + λ

[
1
δ +

θ(lft−k̄)
γ(1−lft−lit) + θlit

δ(1−lft−lit)

]
1− λp̄

cit−p̄
(33)

Moreover, once we have the nominal interest rate, we may use this to calculate the
rate of inflation. To calculate the rate of inflation for the entire economy, we would
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need some kind of price index that combines the prices of both sectors. On the other
hand, calculating the rate of inflation in the informal sector is much more simple, and
simply involves combining eq.(19) with eq.(20), and imposing a steady state condition,
to obtain:

β(1 + i)− 1 = πi

Notice that we drop the time subscript in lieu of imposition of steady state. Hence-
forth, we will use this πi as a measure of the rate of taxation on the informal sector. The
rate of inflation in the formal sector is not relevant to our discussion because the formal
sector does not rely on cash, and is instead taxed via the consumption tax, τ c.

4 Calibration

The way the quantitative exercise for this paper will be carried out is as follows. The
economy of Pakistan is chosen as a base of analysis and the set of parameters are esti-
mated so that the characteristics of the base country are delivered by a Ramsey equilib-
rium in the model economy.We calibrate different scenarios, depending on what values
the level of subsistence informal consumption, p̄, could assume. Following the calibra-
tion, the amount of sunk cost of formality, k̄, will be increased gradually and the effects
on the optimal taxation policy will be discussed.

4.1 Households

The discount factor is fixed at 0.95, which is a fairly standard approximation of β in the
literature. While calibrating the model, we also tried using other values of β, ranging
between 0.95 and 1. The results do not change significantly for these values of β.

The utility function contains four parameters: a, b, θ and p̄. The parameter a may
be interpreted as the fraction of supernumerary expenditures spent on the formal sector
good. Similarly, b denotes the fraction of supernumerary expenditures devoted to the
informal good. We attempt to calibrate these parameters for Pakistan using two distinct
approaches.

The first approach uses data from the Federal Board of Revenue11 from 1999-2010 to
establish the list of 920 industrial and consumer goods and services on which the Gov-
ernment of Pakistan collects sales tax. If the Government earns tax from a commodity,
it is classified as a formal good, whereas commodities with zero tax collection are clas-
sified as informal goods.12Next, we look at the list of 374 commodities that is used in
calculating the consumer price index for Pakistan, and the weights assigned to each of

11The Federal Board of Revenue is the supreme federal agency responsible for enforcing and collecting
revenue for the Government of Pakistan.

12There are some exceptions to this rule: certain goods, such as medicines, are produced by formal
firms, but are legally exempted from taxes. Also, there is tax collection on certain commodities, such as
wheat, or fresh meat, but the extremely low collection of revenue from such goods in relation to their
consumption means that we have to adjust their classification as “formal” or “informal” accordingly.
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these commodities.13We tally both these lists in order to obtain weights for the formal
and informal sectors. This allows us to determine the weight allocated by the average
household buying a representative basket of goods and services to purchases from both
the formal and informal sectors.

The issue of housing as an item of expenditure poses a potential problem because
there is a substantial weight (23.43 units) associated with the House Rent Index in the
CPI, while the nature of the housing market in Pakistan is somewhat ambiguous.14To
circumvent this problem, we exclude housing from the representative basket of goods
and services, so that the sum of weights for the CPI is 76.57 units instead of a 100 units.
A division of weights between the two sectors based on tax collection, then, yields a
value of 44.05% for the informal sector, and 55.95% for the formal sector.15This suggests
that a = 0.5595 and b = 0.4405.

The second approach that we use to estimate a and b involves looking at data for
average monthly per capita expenditure incurred by a representative household on food
and other items across Pakistan for the year 2008. This information is captured by
the Federal Bureau of Statistics’ Household Integrated Economic Survey (HIES) for
2007-2008.16Using the same criteria for determination of formal versus informal goods
mentioned earlier, all commodities in the HIES data are split into these two categories.17

Housing is again excluded from the total monthly expenditure, owing to its ambigu-
ous nature. The total per capita monthly expenditure on all items excluding housing is
Rs.1632.77, out of which expenditure on informal goods is Rs.753.16. This means that
informal goods constitute 46.13% of per capita monthly consumption, whereas formal
goods constitute 53.87%. This suggests that a = 0.5387 and b = 0.4613.18Based on these
estimates, we set both a and b equal to averages of the numbers obtained from both ap-
proaches. Hence, a is set equal to 0.55, and b is set equal to 0.45. These values suggest
that a higher proportion of income is spent by Pakistani households on purchases from
the formal sector, than on the informal sector. This finding also applies to the Turkish
economy, for which Saracoğlu (2008) finds that consumers spend 70% of their income
on goods bought from the formal sector, and 30% of their incomes on informal and
agricultural consumption.

13The list of CPI commodities and the associated weights were obtained from the Research Department
of the State Bank of Pakistan.

14The housing market is officially formal, but there is considerable tax evasion, which makes it hard
to place housing in the list of formal goods.

15If we include rent in the CPI, so that the weights sum to a hundred, and include housing as an
informal good, then we get a sum of weights of 56.95% for the informal sector, and 42.58% for the formal
sector.

16The HIES contains important data on household income, consumption expenditure and consumption
patterns at national and provincial level, with urban/rural breakdowns.

17Commodities with tax collection in the FBR data are assigned a formal good status; commodities
with zero tax collection are assigned an informal good status. There are certain exceptions to this rule,
as before.

18Again, if we include housing in the monthly expenditures, and count housing as an informal good,
we find that the share of the informal sector in monthly per capita consumption increases to 54.27%.
This is similar to the value of 56.95% for the informal sector that we obtain using the first approach
when we include housing in both the CPI, as well as the informal sector.
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θ represents the negative inverse of the Frisch elasticity of leisure with respect to wage.
There does not appear to be much consensus on the values of the Frisch elasticities of
labour supply and leisure in literature. According to Domeij and Floden (2006), the
Frisch elasticity of labour supply should be between 0.1 and 0.3. However, they admit
that these estimates are biased downwards, and suggest that the true values should be
larger. We set the value of θ equal to 2, so that the Frisch elasticity of leisure equals
-0.5. This assumption is supported by N’Diaye, Zhang and Zhang (2010), and Carroll
and Young (2010).19

The estimation of p̄ is more problematic. We interpret p̄ as the minimum necessary
amount that the household must spend on the informal sector good. As mentioned ear-
lier, informal subsistence expenditure is a realistic assumption for developing countries.
As an economy transitions from low-income to high-income status, it would be expected
that the subsistence expenditure would decrease, as consumers would prefer to buy less
from informal markets such as street bazaars and outdoor markets, and more from su-
permarkets and shopping malls (Saracoğlu, 2008). In her study of the Turkish economy,
Saracoğlu (2008) uses consumption data to estimate the subsistence level expenditures
on agricultural and informal sector goods.

Following from Saracoğlu (2008), we use the HIES dataset to estimate subsistence
expenditure for Pakistan. The HIES contains a list of commodities consumed by the
average Pakistani household, as well as the monthly expenditure incurred on purchasing
these commodities. The list of commodities is disaggregated into formal and informal
goods, using the earlier approach. We next try to determine what commodities out of
the informal commodities could be classified as “subsistence commodities”. This poses
various problems, since there is no universal definition of a “subsistence good”; what is
considered essential by one individual may well be considered an avoidable luxury by
another individual. At the same time, it is not compulsory that all subsistence goods
be produced by the informal sector in the real world. For instance, allopathic medicines
are often cited as an example of a necessity in economic literature, but in Pakistan, as
elsewhere, the pharmaceutical industry is largely formal.

One way of resolving this would be to examine disaster relief goods distributed by
relief organisations in times of crisis in Pakistan. Such goods commonly include wheat
flour, tea, sugar, rice, pulses, basic spices, milk, and vegetable fat.20Adding basic cloth-
ing, fuel (firewood) and medical care to these items, and adjusting for the share of formal
goods, we conclude that subsistence expenditure should be close to 54% of informal ex-
penditure for Pakistan.21However, we admit that this is a rather subjective approach,

19In our calibrations, we also attempted using other values of θ, including 4 and 6. The impact on
the results is not substantial. It is important to ensure that θ is strictly larger than 1 to keep the utility
function non-linear in leisure. 2 is a fairly standard value in the literature. Also, 2 allows the model to
be solved manually, for checking.

20A useful reference point could be the survival kits distributed by various organizations on occasion
of the 2010 Floods. For instance, the World Food Programme ration pack included wheat flour, pulses,
cooking oil, salt, biscuits, sugar, and tea. The UNHCR food basket contained tea, rice, sugar, salt, dates,
spices, fruit juice, milk powder and flour. The Karachi Relief Trust ration pack contained sugar, rice,
wheat flour, cooking oil, salt, red chili powder, powdered milk, pulses and tea, among other things.

21Again note that housing is excluded from the list of subsistence goods from Pakistan, which might

14



compounded by the fact that there are some quality issues with data from Pakistan
(see Gennari, 2004). Therefore, we try to circumvent this problem by using different
values for p̄ ranging between 0 and 0.20. It will be observed that with every rise in p̄,
subsistence informal expenditure assumes a higher fraction of the equilibrium values for
informal consumption. The values are chosen to progressively make informal subsistence
expenditure higher and higher, so that it roughly varies between 0 to 80% of cit. This
should allow us to avoid the pitfall of working with any particular value of subsistence
expenditure.

Without any sunk costs being incurred by the formal sector, p̄ at 0.20 units is close to
84.53% of informal consumption, which is a reasonably high upper bound for subsistence
expenditure. Beyond p̄ = 0.30, the model’s convergence properties become very weak,
since the non-negativity constraint on cit − p̄ is close to being violated.

4.2 Firms

The unknown parameters on the production side of the economy are B, A, γ, δ and k̄.
The value of B, which is the technology in the formal sector, is normalised to equal 1.
We noted earlier that the technology in the informal sector is inferior to that possessed
by the formal sector, which means that A < 1. Following Koreshkova (2006), who states
that the ratio of informal to formal technologies for poor countries is typically 40%, we
set A = 0.4.

γ refers to the returns-to-scale parameter on the formal firm’s production function,
while δ is the corresponding parameter for the informal firm. Even though we do not
have capital in our model, yet we would realistically expect production in the formal
sector to be relatively less labour-intensive than production in the informal sector, and
this would be reflected in the returns-to-scale parameters for the two sectors.

While there haven’t been any recent studies for factor shares in Pakistan across
sectors, yet there has been substantial work on other developing economies that might
be useful in helping us learn the factor shares for labour across the formal-informal
divide. Verma (2008) has estimated labour factor shares for agriculture, industry and
services in India, which she finds to be 58%, 45% and 56%, respectively. Saracoğlu
(2008) calculates labour factor shares to be 26% and 58% for the formal and informal
sectors in Turkey, respectively. Satchi and Temple (2009) report that the labour share
for the formal sector in Mexico is 43%. Based on these studies, then, we set γ = 0.45
and δ = 0.6 in our model. We feel these values should reflect the labour intensiveness of
the informal sector adequately.

This leaves us with the last remaining parameter, k̄, which is the sunk cost that the
formal firm has to pay to operate in the formal sector. We retain k̄ as the parameter of
interest that we will vary to see how the optimal taxation policy changes.

appear odd, since shelter is another widely cited example of a necessity good. This is to ensure consistency
with the definition of the informal goods. If we were to include housing as both a subsistence and an
informal good, then the share of subsistence in informal consumption rises to around 67%.
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4.3 Government Expenditures

We look at figures for the public-private split in gross capital formation for Pakistan
as a proxy for government spending in our model. According to data for gross fixed
capital formation released by the Federal Bureau of Statistics, public sector investment
was 28.79% of total investment in the economy for 2009-10 (FBS, 2010). Hence, the
amount of government expenditure, g, is exogenously set equal to 0.08. This value of
g is selected so that when p̄ is realistically high (i.e, between 55% and 67% of informal
output, as estimated earlier), then g as a fraction of total formal sector output is close
to 30%.

5 Results

To recap the calibration, Table 2 reports the model parameters that deliver a Ramsey
equilibrium with the properties specified above. We solve the model for different values
of k̄, ranging from 0 to 0.70. We consider five different cases, each with differing levels
of informal subsistence, ranging from 0 to 0.20. Like the case of informal subsistence
expenditure, there is a non-negativity constraint on the formal firm’s effective labour:
lf − k̄ ≥ 0. As k̄ rises, the firm’s effective labour usage, lf − k̄ gets smaller and smaller.
Beyond k̄ = 0.79, the model’s convergence properties become increasingly weak, implying
that the non-negativity constraint is close to violation.

Table2− Calibration

β a b θ A B γ δ g

0.95 0.55 0.45 2 0.4 1 0.45 0.60 0.08

Before we analyse the effects of raising the sunk cost for the formal sector in the
model, let us discuss briefly the effect of introducing informal subsistence expenditure
by households in a zero-sunk cost economy. Consider the information presented in Table
3. While the first few columns are self-explanatory, two deserve special mention: the
information headed “% informal” is calculated by dividing informal output by the sum
of formal and informal output produced in the economy, while the column titled pi

pf
contains the ratio of informal to formal sector prices. All values for government revenue
are expressed in units of the informal good. As we mentioned earlier, these values may be
expressed in either units of formal or informal goods. Hence, the value for “Revenue from
τ c” is the product τ ccf ; while “Revenue from πi” is the product πi

pi
pf
ci. “Government

Revenue from Tax” is the sum of the two revenues. This is the format for presenting
tables that we adhere to for the rest of the paper.22

When we introduce a non-zero value for p̄, the optimal rate of informal inflation
declines from 7% to 6.45%. To understand why this happens, observe that a rise in p̄

22If we were to construct tables where values for revenue are expressed in terms of the formal good,
then “Revenue from τ c” would be the product τ ccf ; while “Revenue from πi” would be πi

pi
pf
ci.
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increases cit, since overall consumption of the good must rise if subsistence expenditure
is higher (informal sector firms hire more labour, so that informal output rises; see rising
values for lit in Row 2, and beyond). For a fixed level of government spending, the
government only needs to raise enough revenue to cover its budget. As a consequence,
for any increase in p̄, the rate of inflation will be lower, because the government is able to
make higher revenue, despite having a lower rate of tax (Compare the values for revenue
from inflation tax in Row 1 of Table 3, to the values in Rows 2 and 3).23On the other
hand, cf falls, because households allocate less labour to formal firms and more labour
to informal firms.

The revenue from the inflation tax keeps rising initially with higher informal sub-
sistence expenditure. But eventually (when p̄ = 0.08), the inflation tax rate and the
revenue earned from inflation tax are both lower. The reason is that even though the
inflation tax is a very important part of the government’s revenue (with each rise in p̄,
it becomes a larger fraction of total government revenues than before); yet, the govern-
ment’s total tax revenue is getting smaller. The government is earning less revenue from
taxation for each increase in p because it is spending lesser in real terms than before,
so it needs to earn less. And the reason behind the lower real public expenditure is the
government’s restriction on buying only from the formal sector, which is shrinking in
size with rising p̄. This can be seen from the change in output for both sectors with
rising p. Notice that as we increase p̄, li rises, while lf falls. This pattern is reflected in
output in the two sectors; yi rises, whereas yf falls, so that the informal sector grows in
size (as observed in Column 8 of Table 3).

We also try to analyse the relationship between the inflation tax and the consumption
tax in this economy. These results, too, are presented in Table 3. For low levels of p̄,
the rate of inflation tax is much lower than the rate of consumption tax. But as p̄ gets
higher, inflation becomes a more important source of revenue (since the informal sector
is growing) so that for all subsequent rows of Table 2, the rate of consumption tax falls
steadily as p̄ rises.

This trend is also reflected in the revenues earned from consumption taxes. Initially
(for low p̄), the revenue earned from inflation tax is lower than the revenue from τ c. But
as p̄ gets higher, inflation tax revenue becomes larger as a fraction of total tax revenue
for the government. Conversely, with each subsequent rise in p̄, the revenue from τ c is
lower and lower.

Finally, when the amount of informal subsistence expenditure is increased, the ratio
of informal to formal prices, pi

pf
, increases. Intuitively, an increase in p̄ indicates that

there is a rightward shift of the demand curve for informal goods (more ci consumed
at each price). Ceteris paribus, this should lead to an increase in the price of informal
goods; hence, the increase in magnitude of pi

pf
. We only discuss the results for increasing

the level of informal subsistence expenditure from 0 to 0.20 for an economy with zero
sunk cost. However, it is easily verifiable that for any level of sunk cost, increasing the
value of p̄ from 0 to 0.20 holds qualitatively similar results for the size of the informal

23The revenue from inflation tax equals πi
pi
pf
ci. If ci and pi

pf
are increasing, then a smaller value for

πi will still allow for the product to be higher, as long as the rates of increase are high enough.
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economy, the inflation rate, and the rate of consumption tax. As a consequence, a
situation where the informal sector is large owing to rising subsistence level expenditure
for a given level of formal sunk cost will imply a lower rate of inflation.

5.1 Case 1: p̄ = 0

We begin with the simplest model where we set the informal subsistence consumption
equal to zero. This is analogous to making the consumption component of the utility
function a Cobb Douglas specification. The sunk cost is increased gradually from 0 to
0.70, and the results are reported in Table 4.

In an economy with p̄ = 0, when we introduce sunk costs, both the tax rates—the
consumption tax, τ c, and the rate of inflation in the informal sector, πi—rise. The
revenue from the inflation tax rises, while the revenue from the consumption tax falls.
The revenue from τ c falls because formal consumption, cf , is getting smaller; as is the
ratio of prices,

pf
pi

.24The amount of labour lf hired by the formal sector is higher, but

because of the sunk cost, the amount of effective labour used in production, lf − k̄, is
smaller. As a consequence, the formal firm produces less, so that households consume
less (cf falls, so that the consumption tax base is smaller).25

The ratio of prices,
pf
pi

, falls because the sunk cost causes households’ income to

decline, so that the demand for both kinds of goods decreases (As k̄ rises, the income
from formal labour rises, but firms’ profits in both sectors decrease, as less is produced.
The economy on the whole is poorer). As demand decreases for both goods, prices fall
in both sectors. However, the price of the formal good decreases by a greater magnitude
than that for the informal good because the demand for the formal good falls by a larger
proportion. This occurs because the decline in demand is a pure income effect, which
is greater in the formal sector than the informal sector (the fraction of income spent on
the formal good, a is larger than that spent on the informal good, b).

In fact, this relationship between the ratio of prices,
pf
pi

, and the sunk cost is mono-

tonic, and holds true throughout the study; for any value of p̄, as k̄ rises,
pf
pi

falls. Hence

both rising p̄ (across cases) and k̄ (within cases) serve to decrease
pf
pi

for different rea-
sons. On the other hand, the revenue raised by the inflation tax is higher, even though
informal consumption, ci, falls as the sunk cost rises (households only have a fixed en-
dowment of time. If formal firms are hiring more formal labour, then the household will
supply less labour to the informal sector. Informal labour, li, falls, causing a decline in
informal sector output. Hence, ci decreases). However, the decline in ci is smaller than
the rise in πi, so that revenue from the inflation tax, on the whole, still rises.

The inflation rate, and the rate of consumption tax, both rise because the Lagrange
multiplier on the implementability constraint, λ, becomes larger when the sunk cost is

24Conversely, we may say that pi
pf

rises, as in our representation.
25If we were to express revenues in terms of formal goods, then revenue from the consumption tax

would continue to rise, though very slightly (See Table 3.2). The reason for this is that even though cf
is shrinking, the tax rate is rising, so that the product τ ccf is still increasing.
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increased (See eqs.((32)) and ((33)). A rise in λ automatically causes both taxes to
rise, for p̄ = 0). Mathematically, λ rises because the household’s consumption of leisure
declines as k̄ increases (since lf rises). In effect, formal firms are hiring more labour
than before, so that households get to enjoy less leisure. On the other hand, some of
this extra hiring is not used in producing output, since the labour spent as sunk cost
does not contribute towards production directly. At the same time, labour hired by the
informal sector actually falls with rising k̄. Overall consumption in the economy is lower,
since less is being produced by both sectors.

What does it mean for the Lagrange multiplier on the implementability constraint
to increase in size? Correia and Teles (1997) note that λ measures the marginal ex-
cess burden of government deficits in the second-best environment. Intuitively, as we
mentioned, the implementability constraint describes the household’s trade-off between
consumption and leisure. Therefore, a positive value for λ indicates that the imple-
mentability constraint is binding, suggesting that the trade-off between consumption
and leisure is equalised. According to Albanesi (2006), the Lagrange multiplier on the
implementability constraint is only positive if the present discounted value of government
spending obligations is positive. Also, Gorostiaga (1999) notes that a positive Lagrange
multiplier implies that the funding of public spending constrains the decisions taken by
the agents in the economy. Therefore, we may infer that adding a non-zero sunk cost
to the model makes households and firms more constrained in their utility and profit
maximisation decisions. Firms respond by producing less.

Consequently, the government needs a higher tax rate in both sectors in order to
meet its budget.

For this value of p̄, the informal sector does not grow larger with a rising sunk cost.
On the contrary, it actually shrinks when k̄ rises. This happens because the demand
side forces favouring informality are not strong enough to prevent the informal sector
from becoming smaller when a supply side shock (the formal sunk cost) hits the system.
This is expected to change once the level of subsistence, p̄, is substantially high.

5.2 Cases 2 and 3: p̄ = 0.04 and p̄ = 0.06

The results for increasing p̄ to 0.04, and subsequently 0.06, are somewhat similar, so
they are discussed together. The results themselves are presented in Tables 5 and 6,
and are similar to those obtained for the case of p̄ = 0. With rises in the sunk cost, πi
increases from its k̄ = 0 level. Revenue from the inflation tax rises, while revenue from
the consumption tax falls, owing to the aforementioned reasons.

There is a change in the results for the consumption tax, however. More specifically,
as k̄ rises, not only the revenue from the consumption tax falls, as before, but also, the
rate of taxation, τ c, itself starts to fall after a certain threshold value of k̄ has been
surpassed! (See the last row of Table 5, and the last two rows of Table 6.)

What could explain this eventual fall in the rate of consumption tax? Again, we
turn to look at the value of the Lagrange multiplier on the implementability constraint
to provide clues for the change in pattern of the consumption tax rate. In fact, we may
attribute this decrease to the change in the values of λ for higher values of k̄. In earlier
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cases (when p̄ was zero) the Lagrange multiplier on the implementability constraint was
rising rapidly, but now, since p̄ is non-zero, λ does not rise a lot when k̄ rises; and for
a high enough k̄, λ actually falls (see the last row of Table 5, and the last two rows of
Table 6). Mathematically, it is possible to calculate the value of λ from eq.((30)) as:

λ =

a
cf
γ(lf − k̄)γ−1(1− lf − li)θ − 1

1
γ + θ

1−lf−li

(
li
δ +

lf−k̄
γ

) (34)

and substituting the steady state values for the allocations allows us to see that λ begins
falling for high values of k̄ due to the large decrease in leisure that households now enjoy
in this scenario when both k̄ and p̄ are non-zero.

Intuitively, a declining value for λ indicates that agents in the economy are less
constrained by the funding of public spending (or equivalently, the implementability
constraint is less binding). In the presence of a high subsistence level of informal con-
sumption, a large sunk cost imposed on the formal sector will shrink the household’s
consumption of leisure so much so, that households are not willing to pay a high tax on
the formal good and the increase in τ c is minuscule, and eventually, negative.

Therefore, for a high enough k̄, τ c falls—and cf is lower still, because less is being
produced by formal firms; while

pf
pi

is falling continuously—so that the revenue raised
from the consumption tax falls.

Why does the inflation rate, πi, continue to rise throughout, if λ is falling? Note
that even though λ is decreasing, yet p̄ is now high enough to drive up the inflation rate.
Observe ((33)) where it may be seen that the nominal interest rate, and hence the rate
of inflation in the informal sector, depends positively on λ, as well as p̄. So even though
λ is not too high for large values of k̄, yet the high value of p̄ offsets any dampening
effect that λ might have on the inflation rate. This does not mean, however, that the
fall in λ has no effect on πi—rather, it is clear that the variation in πi has been reduced
significantly (it only rises from 6.44% to 21.27% in Table 5, and 6.02% to 13.98% in
Table 6 as k rises, as opposed to case 1). This also has an eventual effect on the revenue
raised from πi, which falls in the last two rows of Table 6.

Intuitively, with a rising sunk cost, households are increasingly faced with a decreas-
ing amount of leisure to enjoy. Therefore, households are certainly not willing to allow
higher rates of taxation on the formal sector good. On the other hand, the rising sunk
cost is also accompanied by a very high informal subsistence expenditure that house-
holds cannot avoid. The government knows that households will consume at least p̄
units of the informal good certainly, and is able to impose a higher rate of tax on the
informal sector. To summarise, the household is consuming less leisure, but since it has
to consume a certain amount of ci, the government will still be able to impose a high
tax on the informal sector.

As for the case of p̄ = 0, the informal sector does not become larger when the formal
sunk cost rises (with the exception of the last two rows of Table 6). The reason for this
is as mentioned earlier; p̄ is not large enough to sustain a high value for ci, so that the
sunk cost of formality causes the informal sector’s output to shrink more than the formal
sector’s output falls.
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5.3 Case 4: p̄ = 0.08

The results for the case of p̄ = 0.08 are displayed in Table 7. Using the earlier argument,
as k̄ rises above 0, the inflation rate in the informal sector rises, and the revenue from the
inflation tax initially rises as well. With the rise in sunk cost, the formal sector’s hiring
of labour, lf rises, and even though li falls, yet the rise in lf is high enough to offset the
negative impact, so that the household’s consumption of leisure decreases. Therefore,
both ci and li are lower, so that the government is forced to increase the rate of inflation,
πi, in order to meet its budget. These results are analogous to those obtained for the
earlier cases.

However, we now witness that when k̄ is high enough, πi also decreases (see last row
of Table 7). This is just a more extreme version of what was already witnessed in Cases
2 and 3, when the variation in πi was reduced for large values of k̄. The household’s
consumption of leisure is very low. Both (lf − k̄) and li are very low, so that λ becomes
low, which explains the slow rise of, and eventual decline of πi. So πi is rising less (or
declining), while informal consumption ci is falling. As a consequence, the revenue from
πi starts falling.

Very crucially, the ratio of informal consumption to total output, “% informal”, is
now higher for any increase in k̄. Even though output is lower in both sectors, yet, the
formal sector suffers more, owing to the sunk cost being borne entirely by the formal firm,
while the informal sector is buffered by the high amount of unavoidable consumption
that must be incurred as subsistence. As a result, the informal sector is larger for a
higher sunk cost of formality, as is the optimal rate of inflation.

5.4 Case 5: p̄ = 0.10

With p̄ = 0.10, the inflation rate in the informal sector rises and then falls, while the
revenue from inflation taxation follows the same trend. Both the rate of, and the revenue
raised from, the consumption tax fall. The results are presented in Table 8.

τ cfalls because the rise in λ for increases in k̄ is very small, and actually a decline
in λ occurs when k̄ gets high enough (See row 5 of Table 8). The inflation rate also
declines for an earlier value of k̄ now, than in Case 4. The reasons for this have already
been discussed above.

5.5 Case 6: p̄ = 0.20

The last case we consider is that where informal subsistence consumption is made very
high (in excess of 84% of informal consumption). Any higher values of p̄ cause a violation
of the non-negativity constraint on ci. We consider only five non-zero values for the sunk
cost, because any higher values for k̄ lead to very weak convergence for the model. The
results for this specification of the economy are presented in Table 9. As k̄ rises, the
rate of consumption tax continues to fall throughout; as does the rate of inflation. The
revenue from both taxes falls unambiguously as k̄ rises.26Intuitively, households find their

26Again, we know this is only true if we express revenues in terms of the informal good.
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loss of leisure extremely painful, and since the extra time they are sparing from leisure
as a sunk cost is not utilised in production, output is also very low. The government’s
tax policy is a response to this decline in output and consumption.

6 Summary of Results

To summarise the results briefly, for any given level of k̄, if the level of informal sub-
sistence rises, then the optimal rate of inflation and the consumption tax rate are both
lower. In this case, a large informal sector will be associated with having a lower rate
of inflation. Intuitively, rising informal subsistence causes less to be produced in the
whole economy, so that the government needs to earn less to meet its expenditures. As
a consequence, the government can afford to lower taxes on both sectors.

On the other hand, for low levels of subsistence, p̄, both the inflation rate and the
consumption tax rate increase as sunk cost increases. As p̄ rises further (from 0.06
onwards), the consumption tax rate eventually declines for increasing sunk cost. For
the next three values of p̄ (0.08, 0.10 and 0.20, the highest level of informal subsistence
expenditure), as sunk cost rises, both tax rates eventually decline. Mathematically, why
this is happening is that the Lagrange multiplier on the implementability constraint is
getting exceedingly smaller. This is pushing down the tax rate. Within the expression
for the Lagrange multiplier, the household’s consumption of leisure is falling, which is
why the multiplier is decreasing so rapidly.

Intuitively, if the household is consuming less leisure, and consumption in both sec-
tors is falling (because output in both sectors is falling), then it makes sense that the
government lowers taxes. The impact on the inflation tax is not immediate because of
the presence of low quantities of subsistence expenditure in the earlier cases. Once p̄ is
high enough, the government can afford to have a lower tax on both sectors and still
meet its budget.

For a given level of p̄, a higher sunk cost causes output in both sectors to move in the
same direction (i.e., to become lower). However, when p̄ is small, the informal sector’s
output is not large enough to dominate in the fraction of informal to total output. As a
consequence, for low levels of p̄, a higher sunk cost does not cause the informal economy
to become larger. However, for higher (and more realistic) levels of p̄, a higher sunk
cost in the formal sector will result in the ratio of informal to total output becoming
larger. In this case, we will observe a positive relationship between inflation and the size
of the informal sector: a high degree of informality will be associated with a high rate
of inflation.

7 Conclusion

This paper uses a quantitative general equilibrium analysis to describe an economy where
households choose to consume two goods, of which one has a minimum unavoidable
consumption level. On the other hand, the production of the other good involves an
unavoidable sunk cost in terms of labour resources that must be incurred. The economy
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is calibrated for varying amounts of the sunk cost and informal subsistence, and the
implications for optimal taxation policy are analysed.

The key findings are: (1) If the informal sector is large owing to the presence of esca-
lating levels of‘unavoidable informal subsistence expenditure, then it is optimal to have
a low rate of inflation and consumption tax. (2) In economies where informal subsistence
consumption is small, a higher sunk cost on formal production causes the government to
raise taxes on both sectors. Revenue from the inflation tax rises, while revenue from the
consumption tax falls. (3) In economies where the informal sector is large and pervasive
– as indicated by large amounts of unavoidable informal consumption – a higher sunk
cost on formal production causes the informal sector to expand. Government will find
it optimal to set a higher inflation tax, but a low consumption tax. Revenue raised by
both kinds of taxes falls for the most extreme case considered.27

Most crucially, findings (1) and (3) seem to suggest that a large informal sector does
not necessarily make a high rate of inflation inevitable, for the informal sector could be
large due to two different reasons. We show that a large degree of informality could exist
either due to persistent, unavoidable subsistence expenditure in the informal sector, or
because of a large sunk cost faced by the formal sector. In the first case, the model
dictates that the optimal rate of inflation should be lower, for higher subsistence levels,
while in the latter, it dictates that the optimal rate of inflation should be higher, for
higher sunk costs. This non-monotonic relationship between informality and inflation
is an unprecedented result of the model that does not find a parallel in the literature
on informality. It is difficult to draw any kind of general policy directives for poor
countries from this exercise, since different countries are expected to have different levels
of informal subsistence and sunk costs. Clearly, Case 1 is quite unrealistic for Third
World countries, because it is hard to imagine any developing country for which informal
subsistence consumption does not exist. We have estimated informal subsistence for
Pakistan to be around 54% of informal consumption, which could swell to up to 67% if
we include housing as an informal, subsistence commodity. Most developing countries,
including Pakistan, are expected to have essential informal expenditure in the range of
50-70% of total informal output, as estimated by Saracoğlu (2008), which corresponds
with Cases 4 and 5 of the model.

What are the implications for policy towards the level of sunk cost faced by the
formal sector in developing countries? The model indicates that a higher sunk cost in
the formal sector leads to lower output in both the formal and informal sectors, and
lower tax revenue for the government. This would imply that the government should
make attempts to help firms overcome this obstacle that they face to utilizing labour
hired fully. For instance, if there is a law that requires formal firms to employ k̄ workers

27It is not completely evident at this stage which of the two features; the persistent, unavoidable
subsistence expenditure, or the large sunk cost, are more applicable to the case of Pakistan, because not
much is known about either of these factors. In our sensitivity analysis, we tried using different values
of p̄ and k̄ within the bounds of the non-negativity constraints. Very crucially, the results do not change
direction for extremes. So, for instance, very high p̄ gives similar results as the moderately high p̄ that
we have used in this paper for different values of k̄. Fixing p̄ at a particular value and varying k̄ does
not change direction of the results, but it does affect magnitudes.

23



without making full use of their productive abilities, then there is the need to address
this inefficient legislation. Reducing the cost of formality would allow all firms to produce
more output, lead to higher levels of consumption of goods and leisure, and raise more
revenue for the government. Here, we have assumed that no one in society gains from
the sunk cost that is paid by formal firms. However, if the cost of formality is paid to the
government in the form of a registration fee, or it enters households’ utility functions,
then these inferences will not be meaningful.

Despite its simplifications, the paper certainly underscores the relevance of using
seigniorage financing for poor countries, which are often confronted with numerous prob-
lems associated with the collection of conventional taxes. Of course, there are the adverse
impacts of inflation on welfare which are excluded from our analysis completely. Indeed,
the welfare costs of inflation may change some of the results, if accounted for, in a richer
model. This is an area identified for possible future research.
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