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Abstract

Traditional models of money assume that the marginal social cost of printing fiat cur-
rency is zero, justifying the optimality of the Friedman rule. However, in an environment
where the degree of hidden income is alleviated by the dearth of cash, demonetization
could be efficient. To implement this policy, the Reserve Bank of India (RBI) imposed
non-discriminatory transfer limits, which I argue are too blunt to insure against idiosyn-
cratic income risk. I propose a set of instruments that provide a better hedge against such
shocks—transfer limits dependent on reported household income. I isolate conditions under
which optimal state-contingent transfer limits are monotonic in endowments and promised
values. This framework successfully predicts the heterogeneous response of households to
demonetization. A model disciplined by the distributions of wealth, income and consump-
tion expenditure in India reveals that long-run gains in the surplus of the central bank
upon switching to a state-contingent monetary policy from a non-state-contingent one are
28.5% of aggregate income.
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1 Introduction

I Prime

On 8 November 2016, the RBI discontinued 86% of its currency in circulation.
Minister Narendra Modi’s speech argued that this measure was taken to purge the economy of
“black money,” i.e. income illegally obtained or not declared for tax purposes.” The enforced
swap of currency essentially acted as a tax on illicit wealth. Keeping in mind the limited supply
of new notes, the authorities also imposed limits on cash withdrawals: 10,000 rupees per day
and 20,000 rupees per week.® Therefore, when considering how much to demonetize the Indian
Rupee, the RBI faced a tradeoff between alleviating hidden income frictions and avoiding a
cash crunch.?

Under which conditions is demonetization efficient? Is the impact of demonetization het-
erogeneous across households? Can policies be constructed that improve upon the non-state-
contingent policies implemented by the authorities? To examine these questions, I develop a
dynamic contracting model in which the degree of hidden income is jointly and endogenously
determined with transfer limits. In particular, I study the efficient allocation of resources in
an economy with the following characteristics. There are many households, all infinitely lived,
and all with the same ex-ante preferences over time paths of the consumption of a single good,
a proportion of which has to be financed by cash. Each of these households is subject to id-
iosyncratic income risk. To smooth their consumption over time, households can enter into
long-term contractual agreements with a financial intermediary. Income shocks are indepen-
dent from household to household, so with a large number of households risks can be pooled.
Crucially, these income shocks are private information to households and unobserved by the
financial intermediary. Thus, any allocation of resources must be based on household reports.
To reduce this information asymmetry, the financial intermediary can access an auditing tech-
nology that is sensitive to the amount of cash in the economy.” This captures the idea that
credit economies are easier to monitor.

Optimal monetary policy in this environment balances the insurance benefits of high transfer

!India has previously witnessed demonetization twice in the 20th century. During the twilight of the British
Raj, 11 January 1946, high denomination notes were demonetized to tackle tax evasion. The second instance
was on 16 January 1978 where one, five and ten thousand rupee notes were discontinued. Modi’s war on cash
also has some international precedent: Singapore, for example, withdrew its largest denominated currency in
2014; the European Central Bank ceased issuance of the 500-euro bank note in 2016.

2Kar and Curcio (2009) estimate that the Indian economy lost 104 billion U.S. Dollars in black money
between 2001 and 2008. Tax evasion is significant even in developed economies like the United States. The
Internal Revenue Service estimates a tax gap—the difference between the calculated total tax yield and the actual
receipts—of 458 billion U.S. Dollars annually over the period 2008-2010, amounting to 18.3% of tax liabilities.

3Though these limits were subsequently relaxed, the cash shortage persisted for a few months. Even on 30
December 2016, the currency in circulation was only about half of the pre-demonetization amount; Figure 11.

4For a survey, see Rogoff (2017).

®To this end, we need to take a stand on how to parametrize the degree of hidden income in a given economy.
The approach I follow restricts the range of utilities to the positive orthant of the euclidean space and scales
the value of misreporting by a function that ranges over the unit interval.



limits with the informational costs of weak income monitoring. If the marginal social cost of
printing money is zero, then the Friedman rule holds. However, in a setting where flooding
the economy with currency makes income monitoring less effective, demonetization could be
efficient.

In effect, the RBI imposed non-discriminatory transfer limits. Such policies, which I refer
to as aggregate demonetization, are too blunt to insure against idiosyncratic income risk. I
propose a set of instruments that provide a better hedge against such shocks—transfer limits
dependent on reported household income—which I refer to as state-contingent demonetization.
Under mild assumptions on the shape of the income monitoring technology and transfer limits, I
analytically show that the optimal state-contingent demonetization policy is weakly decreasing
in reported income and strictly increasing in wealth. Viewed through the lens of the model, the
non-discriminatory transfer limits observed during demonetization inhibit static consumption
smoothing for low-income earners more than high-income earners, and limit dynamic consump-
tion smoothing for wealthy households more than poor ones. I find support for both these
predictions using disaggregated household-level survey data.

In a quantitative exercise, I estimate a model (via simulated method of moments) to match
salient facts regarding the distributions of wealth, income and consumption expenditure in
India. Using a variety of estimation techniques, I find that the model can account for 83-94%
of the variation in India’s Lorenz curve. Using this monetary model, it is estimated that long-
run gains in the surplus of the central bank upon switching from an aggregate demonetization
policy to a state-contingent one are 28.5% of aggregate income. Depending on the instruments
at disposal to the central bank, optimal monetary policy is set to either moderate or magnify
income fluctuations. I find that the central bank tightens transfer limits when income increases
in the state-contingent monetary economy, while the opposite is true in the aggregate monetary
economy. Moreover, using the inverse of the covariance between money and transfers as a
measure of binding informational frictions, I find that hidden income plays a larger role in
shaping monetary policy in the state-contingent setting relative to the aggregate one.

The model also provides a novel link between monetary policy and wealth inequality.
Quantitatively, I find that the aggregate monetary economy admits larger wealth inequality
relative to the state-contingent setting. The coefficient of variation in the limiting distribution
of wealth in the aggregate monetary economy is estimated to be 2.5 times larger than
that in the state-contingent monetary economy. In a canonical principal-agent framework
with asymmetric information that is devoid of transfer limits, the optimal contract spreads
the wealth distribution over time in order to efficiently insure agents’ while respecting
incentive compatibility (Townsend, 1982; Green, 1987; Thomas and Worrall, 1990; Green
and Oh, 1991; Atkeson and Lucas, 1992; Aiyagari and Alvarez, 1995; Wang, 1995). In

my model, if transfer limits are sufficiently loose, a reduction in currency in circulation



can enhance income monitoring and thereby reduce the spread in the limiting distribution
of wealth. I show that the central bank finds it optimal to issue less notes in the state-
contingent monetary economy relative to the aggregate one. This is because switching to
a richer set of state-contingent instruments allows the central bank to lower transfer limits
for high-income earners without inhibiting risk sharing. As a result, the central bank needs

to rely less on spreading the wealth distribution over time in order to distinguish between types.

Related Literature: This paper is related to three strands of research: (i) optimal mone-
tary policy, (ii) contracting under hidden income, and (iii) costly state verification (CSV).

The monetary economics literature has traditionally focused on deriving the optimal infla-
tion tax as the solution to a Ramsey (1927) tax problem in a representative agent economy. Chari
et al. (1996), and Correia and Teles (1996) derive conditions on preferences or technology for the
Friedman rule to be optimal within a Ramsey setting.® In particular, Chari et al. (1996) show
that the Friedman rule is optimal in three standard models of money under simple homothetic-
ity and separability assumptions on preferences, while Correia and Teles (1996) work within
a shopping-time framework (introduced by Kimbrough (1986)) to show that the Friedman rule
is optimal if the transactions technology is homogeneous. Some other papers that study the
optimal inflation tax in a full information setting are Lucas and Stokey (1983), Correia and
Teles (1999), Guidotti and Vegh (1993) and Mulligan and Sala-i Martin (1997). In the spirit
of Mirrlees (1971), da Costa and Werning (2003) extend this analysis to an environment with
heterogeneous idiosyncratic productivity which is private information.” These studies maintain
the assumption that the marginal social cost of printing money is zero. I depart from this
paradigm by assuming, in accordance with RBI policy, that higher levels of currency in circula-
tion propagate black money, which I interpret as an increase in the severeness of hidden income
constraints. Tax collection costs can justify a positive inflation tax as well. For instance, Végh
(1989) considers a model where government expenditures are financed via the inflation tax and
an alternative tax that is costly to collect. He finds inflation to be an increasing function of
government spending.

The design of optimal incentive-compatible mechanisms in environments with privately ob-
served income shocks has been studied by Green (1987), Thomas and Worrall (1990), and Phe-
lan (1995) among others. In such environments, the principal extracts information from the
agents about their income and uses this information to provide optimal incentive-compatible
insurance. Following the ideas of Lucas (1990), Aiyagari and Williamson (2000) and Kim

(2003) show how the theory of dynamic contracts under private information can be extended

6T refrain from restricting the choice set of the planner by competitive equilibrium allocations. Rather than
probing a specific trading protocol, I focus on constrained-efficient mechanisms. This approach is pursued to
highlight the fundamental tradeoff between transfer limits and the degree of hidden income.

TAt the heart of all these results lies the uniform-tax result of Atkinson and Stiglitz (1976).
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to address issues in monetary economics. In these models, random circumstances arise where
it is costly for consumers to access financial intermediaries which would allow credit transac-
tions. It may then be desirable to trade on the money market for consumption smoothing over
time. In this paper, cash-in-advance constraints (Lucas and Stokey, 1985) play a similar role
in that they create a transactions role for money. To study how monetary policy interacts with
hidden income, I build on this framework by embedding an income monitoring technology that
responds to changes in currency in circulation. In this respect, this paper is closely related to
the literature on CSV pioneered by Townsend (1979).® CSV is a mechanism which expands the
space of incentive compatible, non-negative contracts. In this literature, a principal chooses an
auditing technology directly given agent reports. This paper pursues a related but alternative
approach where the principal takes as given an income monitoring technology that responds to
changes in transfer limits via another choice variable—currency in circulation.

The empirical literature on currency demand has long recognized the importance of currency
suppression in stemming the underground economy (e.g., Feige, 1979; Frey and Pommerehne,
1984; Schneider, 1986; Tanzi, 1983). However, analytical and quantitative investigations of
the tradeoff between cash and informality have been more elusive. This paper contributes to
earlier work by Gordon (1990), who presents a model of tax evasion via cash sales, Rogoff
(1998), who modifies a standard transactions cost model to account for the role of currency
in promoting the underground economy, and Camera (2001), who develops a search-theoretic
model that explicitly features interactions between illicit activities and money. Building on
the work of Cagan (1956), Rogoff (1998) also shows how the underground economy affects
the optimal rate of inflation. However, he admits that “a more sophisticated approach would
be to have the individual’s income be private information, with currency a mechanism for
concealment.” This paper pursues such an approach.

The next section analytically examines a dynamic mechanism design problem where a plan-
ner sets monetary policy to balance the tightness of incentive constraints that emerge due to the
presence of hidden income and cash constraints. Sections 3 and 4 quantitatively examine op-
timal state-contingent and non-state-contingent demonetization policies in a model calibrated
to key moments of the Indian income process. Section 6 embeds demonetization in a model
with heterogeneous labor income risk as in Mirrlees (1971) and da Costa and Werning (2003).

Concluding remarks are offered in Section 7. All proofs are relegated to the Appendix.

2 Model

I augment Thomas and Worrall (1990) (henceforth TW) to evaluate the effects of demon-

etization. I consider an environment in which message-contingent transfers are constrained

8See Gale and Hellwig (1985) for an application to credit markets.



by a maximum limit. The principal has the ability to alleviate hidden income constraints in
exchange for tightening transfer constraints.

Ex-ante identical agents receive a stochastic endowment y, ; > 0 of a single good, where s
is the state of nature drawn from a finite set S = {1,...,5} with S > 2 and ¢ > 0. Denote
the ordered set of possible endowments by H = {1, ..., ys}. Here bt = (v, ..., 40) € H' denotes
an arbitrary history of reported income. The principal is faced with asymmetric information.
Households have private information about their own income, and the insurer can see neither
income nor consumption. It follows that any insurance payments between the planner and
a household must be based on the household’s own reports about income realizations. The

agents’ rate of time-preference is denoted by g € (0, 1].

Definition 1. An allocation is a sequence of functions {c;, ki }i~o where ¢, : H' — Ry and
K¢ © Ht —> R+.

The sequence of functions assigns to the agent a history-dependent stream of consumption

and demonetization policies.

Assumption 1. Endowment shocks y, are independent and identically distributed, i.e. w(y, |
Y1) = (Ye)-

Assumption 2. The utility function u : Ry — R, s monotonically increasing, concave,
twice-continuously differentiable, satisfies the Inada condition lim._,ou'(c) = 0o, and —u" /u' is

NoN-Increasing.
Consumption is limited by a cash-in-advance constraint. In particular, consumption (net of
idiosyncratic output) needs to be financed by cash,

ce — Yy < M,

where M; € R, denotes currency in circulation. This generates a demand for money. I assume

M, is uniquely determined by the monetary policy instrument, x; € K:
Mt = F(lit),

where the compact domain of demonetization policies is denoted by K = [0, fmaz)s Fmaz € Ry.”
Assumption 3. C : K — R, where C',C" > 0.

I also assume that the central bank incurs a resource cost, C', of printing, distributing and
managing currency in circulation.'” Printing costs increased substantially during demonetiza-

tion. The total expenditure incurred on security printing more than doubled to 79.65 billion

9n the numerical exercise, I set Kmqe the supremum of the feasible domain.
10This function can also capture the opportunity cost of investing in an alternative asset.



rupees in 2016-17 from 34.21 billion rupees in the previous fiscal year; Printing costs reduced

to 49.12 billion rupees in 2017-18 (RBI Annual Report 2017-18).
Assumption 4. F': K — R, is of class C* such that F',—F" > 0.

By the Revelation Principle, any constrained efficient allocation must satisfy the modified

one-shot deviation constraint VA1, y;,

T—t
U(Ct<htil> yt)) + BTh—{%o Z Z 53717Tt+8(yt+5)u(Ct+s(ht717 Yt, hiﬁ))

s=1 ht+5 6Ht+s
T—t

> ¢(“t(ht_1ayt)){u(ct(ht_laﬁt)) +571510102 Z Bs_les(yt+s)u(ct+5(ht_1,g)t,hiﬁ))},

s=1 ptt+scpt+s

where ¢ captures the income monitoring technology and controls the extent to which the severe-

ness of hidden income constraints endogenously responds to currency in circulation.
Assumption 5. ¢ : K — [¢, 1], where ¢’ >0 V¢ € [0,1) and ¢ € [0,1].

This approach of modeling income monitoring deserves qualification. A standard hidden
income setting (with no monitoring) is obtained when ¢(.) = 1. The strict monotonicity of ¢
and the non-negative domain of the utility function imply that when &, is high (low) then ¢(x;)
is closer to 1 (0), corresponding to the economy where income is completely hidden (observable).

Observe that assumptions 2 and 5 also imply:

Op(k;)OF (k;)

) € K2 1).
Dridr, > 0 V(ki, kj) € Vo € (0,1)

This captures the complementarity between the degree of hidden income and the slackness of

the cash constraint.'!

2.1 Recursive Representation of Planning Problem

It’s convenient to study the planning problem recursively. We proceed by assuming endow-
ment shocks are i.i.d. over time. Denote the message-contingent demonetization and consump-
tion policies by ks : V = K C R, and ¢; : V — R, where V = [inf u(c)/(1 — B),supu(c)/(1 —
B)]. Denote the transfer received by a policyholder who reports an income realization in state
s € § by by = ¢s — ys. Instead of focusing on a welfare maximization problem, I consider

minimizing the cost of providing a given level of utility to households. The RBI solves the

HGection 5.1 provides evidence in support of this relationship.



following problem:

P(v) = max Zﬂ's[ — (C(ks) + bs) + BP(w,)]

{bS:wsﬁs}seS
s=1

s.t.
S
> w[ulys + bs) + fws] > v, (PK)
s=1
by < F(k,) VseS, (CC)

Dys = u(ys + bs) + Bws — d(rs) [uys +bs) + fws] >0 V(s,8) € Sx S, (IC)
bs € [Cmin — Us, Cmaz — Ys] Vs €S,

ws €V VseS,

ks € K VseS8.

The central bank’s objective is to minimize the cost of delivering promised utility each period
using state-contingent transfers, continuation utilities and demonetization policies that are
restricted to compact sets. Constraint (PK) is a promise-keeping constraint.'? Limits on cash
transfers subject to demonetization policies are captured by state-contingent constraints (CC).
Constraints (IC) are modified incentive constraints, which any constrained-efficient allocation
must satisfy due to the Revelation Principle.!® Notice that in this setting, local downward
incentive compatibility does not guarantee global incentive compatibility. In addition, the
lower bound on expected utilities is assumed to be non-negative to ensure the existence of a
non-degenerate limiting distribution of wealth (Atkeson et al. (1995), Phelan (1995)).

Figure 1 illustrates the effect of aggregate demonetization policy, where xk, = k Vs, on the
constraint set. Observe that increasing % has an ambiguous effect on the constraint set.'* On
one hand, transfer limits are larger as & is increased due to the strict monotonicity of F'; this
is captured by CC(v,R,) C CC(v,R2) VR < VRe Yv. On the other hand, incentive constraints
are tighter as r is increased due to the strict monotonicity of ¢; this is captured by IC(v, ke) C
IC(v, k1) VR1 < VRy You. The tension implicit between cash and incentive constraints can
generate an interior solution for monetary policy.

In this environment, the value function is not necessarily concave, which inhibits us from

using the envelope theorem in the characterization of recursive contracts. I address this concern

12See Abreu et al. (1990).

13The planning problem subject to modified incentive constraints in which the income monitoring technology
enters multiplicatively is isomorphic to one in which it enters additively. To see this define a map g : K X
[Cmins Cmaz) X V = Ry by g(z,y,2) = [u(y) + Bz](1/¢(xz) — 1) and notice that (IC) can be re-written as
u(ys + bs) + Pws + G(s) = u(ys + bs) + Bws V(s,8) € S x S where g(s) = g(ks, ys + bs, ws).

M For illustrative purposes, cash and incentive constraints are drawn as strict subsets of the set of outcomes
restricted by the promise-keeping constraint.
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Figure 1: Illustration of Demonetization Effects on Constraint Set

in the following section.

2.2 Sufficient Conditions for Program Concavity

The following lemma isolates sufficient conditions for program concavity under full informa-

tion when F is linear.'?
Lemma 1. If F is linear and C®, P®) —u®) >0, then P is concave under full information.

In the general formulation that features asymmetric information, the constraint set of the
programming problem can be non-convex due to the way state-contingent demonetization enters
into incentive constraints. This could potentially inhibit the first-order approach from isolating
global solutions. Nonetheless, if ¢ is sufficiently close to unity, then the concavity of P follows

from Assumption 2 and the concavity of F' and —C.'° T proceed under this assumption.

2.3 Characterization
Lemma 2. The optimal allocation exists and is given by functions {bs, s, Ks, Ns, As s} (s,5)e5xS
where

bs : V = [Cmin — SUD Ys, Crmae — inf Y]

ws: V=V

ks : V = [0, Kmaz]

ns: Vi Ry

Ags: V= Ry

15The linearity assumption, which is sufficient but not necessary for program concavity, is imposed here for
analytical convenience.
16In the quantitative exercise, this is achieved using a modest level of ¥ > 0.



such that'”

Vs €S my[l+ P (v) (cs(v))] + ns(v EZS:\ {As s () (cs(v) = Ags(V)p(ra(0))u' (ys + bs(v)}, (1)
VseS P'(wsy(v)) = +— GES:\ {Ass(v) = As s (v)d(ks(v)) }, (2)
Vs €8 70" (ks(v)) = 1s(v) — ) As(v (V)[u(ys + bs(v)) + Pws(v)] w.e. ks >0, (3)
Vs €S ns(v)[bs(v) — F(rs(v)] =0, o (4)

[Zws uleu(o) + B )] = o] = 5)
W(5,8) €S xS Ay s(v)Dys(v) = 0. (6)

Equations (1) capture the wedge created between the state-contingent marginal rates of
substitution, u'(cs)/8, and their corresponding marginal rates of transformation, —[3P’(w,)] !,
due to binding transfer limits and incentive constraints. Conditions (2) reveal that the marginal
return on continuation utilities should be equated with the marginal return in promised values
when incentive constraints are slack. Equations (3) capture the key tradeoff in monetary policy
in this environment. In any interior equilibrium, if the expected marginal increase in the cost of
printing fiat currency is negligible, then optimal monetary policy balances the shadow marginal
gain in relaxing transfer limits with the shadow marginal cost of weakening the income moni-
toring technology. Conditions (4)—(6) are complementary slackness conditions corresponding to

the transfer limits, the promise-keeping constraint, and the incentive constraints respectively.
Lemma 3. If C(.) =0, ¢ =1 and K is complete, then demonetization is not optimal.

Lemma 3 captures the perspective of traditional monetary models, which assume that the
marginal social cost of printing fiat currency is zero. In this case, the Friedman rule is optimal
since printing money weakly relaxes cash constraints. However, in an environment where the
degree of hidden income is alleviated by the paucity of cash, i.e. when ¢ < 1, demonetization
may be optimal depending on which region of the state-space the economy lies.

I focus on two threshold levels of promised utility:

v=supz:ns(x)=0VseS,

zeV

v=inf z:n(x) >0VseS.

eV

Let S®(v) = {s € S : ns(v) > 0}, and S¢(v) = {s € S : ns(v) = 0}. That is, for a given v,
Sb(v) C S denotes the set of states where cash constraints bind, while S¢(v) C S denotes the

set of states in which cash constraints are slack.

"Here w.e. stands for “with equality when.”
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Lemma 4. If C'(0)/F'(0) = 0, w has full support, and ¢ is large enough then

ks(v) Vo € [0, supu(ys)/(1— B)] V(5,5) € S X S 4y > i,
rs(v) Vo € [o,0] V(s, 3)
=0 Yove ] VseS S ),

0 Vo€ [infu(ys)/(1—75),v] VseS.

ESXSb( ) ys > s,

Lemma 4 shows that state-contingent monetary policy is weakly decreasing in reported en-
dowments. The proof proceeds by segmenting the state-space into three regions, [inf u(y,)/(1—
B),v] U v, o] U [,supu(ys)/(1 — B)] = V.'® I then show that transfers are decreasing in re-
ported income when ¢ is sufficiently high. In region [0,supu(ys)/(1 — £)], a strictly decreasing
demonetization policy follows from the fact that currency in circulation and transfers co-move
in cash constrained states when F' is increasing. In the region [v, 7], a strictly decreasing de-
monetization policy follows from the co-movement of Lagrange multipliers on cash constraints,
currency in circulation and transfers when C’(0)/F’(0) = 0 and 71, > 0 Vs € S. In states where
cash constraints are slack, transfer limits are necessarily zero due to the strict monotonicity of

the cost function, C.

OKs

Lemma 5. If 7w has full support, then F= > 0 Vs € S°(v) in any interior equilibrium with full

information.

Lemma 5 shows that state-contingent monetary policy is strictly increasing in promised

values under full information in all states where transfer limits bind.!? Intuitively, when the
financial intermediary can perfectly observe income realizations of households, it is efficient to
set higher transfer limits for wealthier households that are cash-constrained as it allows them to
smooth their wealth over time. The quantitative exercises that follow show that this monotonic

relationship between money and wealth is not robust to private information.

2.3.1 Aggregate Demonetization

I benchmark the outcomes obtained in the state-contingent demonetization economy against

those obtained in an economy in which monetary policy is non-state-contingent, i.e. where

8 An implicit assumption here is that ¥ > v, which also holds in the baseline calibration. However, non-
monotonic policy functions that stem from binding incentive constraints subject to CSV may upset this inequal-
ity in general.

¥Lemma 1 and Lemma 5 are codependent. The proof of Lemma 5 invokes the concavity of P, which can
in turn be proved using the result that state-contingent monetary policy is increasing in promised values when
transfer limits bind under full information. Therefore, the assumptions used to show either one of these lemmas
are necessary for the other as well even though they are not explicitly stated.
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Kk = Kk, Vs € S is determined by the following condition in any interior equilibrium:*"

C'(R) =) {ﬁs(v)F’(R(v)) = > Aa(0)d! (R())[ulys + bs(v) + ﬁwg(v)]}-

seS 5€8\s

Since the instruments available to the central bank in the aggregate demonetization economy
are a strict subset of the instruments available in the state-contingent economy, optimal alloca-
tions in the later case are weakly Pareto-dominant. Notate the aggregate and state-contingent

demonetization economies as £4 and Eg respectively.

2.4 Invariant Distribution

Let Z(V,V) be the set of probability measures on (V,V), and let B(V') denote the Borel set
of V. Let Q@ : V +— B(V) be the transition function and 7 be the operators associated with Q.

In particular, define the transition

s
Q. V)= mliuw.wev}
s=1
The associated operator on the set of all bounded measurable functions f is defined by

(TF)(a) = / () Q(a. da’) Ya € V.

Lemma 6. If © has full support, then there exists a unique invariant distribution of promised
values U* € Z(V, V) such that for any initial measure Wo, T"(Vq) converges to W* in the total

variation norm.

3 Calibration

I discipline the model by targeting salient moments concerning wealth inequality, income
inequality and consumption inequality in India. Wealth inequality captures differences in finan-
cial assets such as stocks and bonds among a population, income inequality measures the extent
to which earnings are distributed unevenly, and consumption inequality encapsulates differences
in consumption expenditure. Typically, financial wealth tends to be more unequally distributed
than income, while income tends to be more unequally distributed than consumption. India is
no exception.

According to Credit Suisse, the Gini coefficient of wealth in India was 0.8 in 2017. The

20The corresponding aggregate policies and shadow prices are notated by {b, ws, 7s, A37§}.
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latest data on income inequality is available from the India Human Development Survey (IHDS)
reports, which reveals that the Gini coefficient of income in India was 0.6 in 2011-12. In contrast,
the Gini coefficient of consumption expenditure, as measured by the National Sample Survey
(NSS) consumption expenditures surveys, was 0.4 in 2011-12 for urban areas.?!

To account for each of these, I pursue the following approach. First, I exogenously estimate
the income process using aggregate data, which delivers estimates for the autocorrelation in
income and the standard deviation of output innovations. Second, I calibrate the parameters
that control the output differential between states, the tightness of transfer limits and the
efficacy of the income monitoring technology to match moments relating to the consumption

and wealth distribution in India.

Let S ={L,H}.
Functional Forms: I consider a log utility function:
u(z) = log(z).
The transfer limit is determined by:
F(z)=z22%2>0, a€(0,1).

The income monitoring technology, which responds to changes in the level of currency in cir-

o) = (- )w, 40,

culation, is given by:

/ﬁ;max

where Kpae = supys/(1 — ) = yu/(1 — B). Lastly, I consider a quadratic cost function:
C(z) = 2°.

Data Generating Process: Endowment shocks are realized as per a standard AR(1)
process with Gaussian errors. The AR(1) is discretized into a two-state Markov Chain with
nodes (Jr, Jn) € R% using the Tauchen and Hussey (1991) quadrature method. The states are

amplified using scaling parameters o, € [0,1] and 5 € R,

Yir = (L4 oay — 200 11(0)) 15, (ye)y Vi€ {L, H},
Yt = pYi—1 + Etya Ei/ ~ N<Oa Uy)'

21Developed countries like the U.S. exhibit similar patterns; see Diaz-Giménez et al. (2011) and Hassett and
Mathur (2012).
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Parametrization: We need to assign values to 8 parameters that I classify into three sets:
(i) independent parameters {3, 3}, (ii) exogenously estimated parameters {p, o, }, and (iii) en-
dogenously estimated parameters {oa,, @, 2,19 }. The first two subsets are chosen independently

of equilibrium conditions.

Table 1: Parameterization

Parameters \ Value \ Description \ Target

B 0.95 Rate of Time-preference Independent

Y 1.625 | Mean Endowment Independent

p 0.78 Autocorrelation in Income India Income Process

oy 0.012 | Standard Deviation in Output Innovations | India Income Process

OAy 0.077 | Output Differential Wealth Gini in 5th Decile = 0.05

P .0001 | Income Monitoring Parameter p60(w)—p40(w) ratio = 2

o 0.5 Curvature of Transfer Limit Bottom 1/5th Wealth Share = 1%
z 0.5 Level of Transfer Limit Wealth Gini/Consumption Gini = 2

The income process is disciplined using Indian data. I estimate {p,o,} using the cyclical
component of HP-filtered Real GDP for India over the period 1996Q2:2016Q4. The autocorre-
lation and standard deviation in aggregate income is given by 0.78 and 0.012 respectively.

I use the set of endogenously estimated parameters to target the most salient and peculiar
features of the data. The output differential between the idiosyncratic income states, oy, is
calibrated to match the Gini coefficient for the 5th decile of the Indian wealth distribution,
which is about 0.05 (AIDIS).*” This captures the fact that wealth inequality within deciles is
fairly subdued, especially near the median of the wealth distribution. Wealth inequality in
India is mainly concentrated across deciles. This can be seen in the wealth percentile ratios.
For instance, the p60—p40 wealth ratio is about 2 (Credit Suisse, 2014). To target this moment,
I employ the parameter that controls the elasticity of the income monitoring technology with
respect to currency in circulation, . Moreover, wealth is concentrated at the top of the
distribution. The wealth share of the bottom 20% of the population is only 1%. I use the
parameter that determines the curvature of the transfer limit, «, to target this moment. The
model is also particularly suited to capture the fact that consumption inequality is substantially
lower than wealth inequality in India. The Gini coefficient for wealth is twice as large as the Gini
coefficient for consumption, and this ratio has remained roughly constant post-liberalization
(Anand and Thampi, 2016). I use the scalar coefficient on the transfer limit, z, to target
this ratio. Table 1 reports the estimates I obtain from the calibration procedure. The output
differential between states is equal to 0.077. The parameter that controls the elasticity of the
income monitoring technology is set to .0001. The two parameters that discipline the tightness

of transfer limits are both set to 0.5.

22The wealth Gini coefficients for the 4th and 6th deciles also hover around this level.
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I assume that central bank policies are subjective in the sense that each state is perceived
to be equally likely when policies are set. The simulations are carried out using a finite state
Markov Chain discretized from the Indian Income process. This implies that perceived proba-
bilities (7 = 0.5) differ from realized probabilities (7, = 0.83) and the central bank does not

update its perception using the law of large numbers.?*

4 Results

The model is solved using Value Function Iteration over 40 grid points for promised val-
ues that correspond to Chebyshev nodes over V. To avoid cases that feature a degenerate
long-run distribution for promised values, I restrict the domain of promised values, V', to
[infsesu(cs)/(1 — B),sup,es u(cs)/(1 — B)]. This additional constraint can be rationalized by

the presence of endogenously incomplete markets a la Kehoe and Levine (1993).

4.1 Value Function, Policy Functions and Constraint Sets

This section reports how optimal policies vary across income shocks, inherited wealth, and
monetary regimes. The first four panels of Figure 2 depict the value and policy functions
at the baseline parametrization. As is the case in an environment without demonetization,
agents that report low income are provided with a larger transfer today. In exchange, the
central bank is compelled to provide higher continuation utilities to agents who report high
endowments to maintain incentive compatibility. Moreover, notice that the central bank’s
surplus is strictly decreasing in promised values. However, transfers and demonetization policy
can be non-monotone in promised values.

Depending on the level of promised value inherited, state-contingent policies can be smaller,
larger or equal to their aggregate counterparts. In contrast, irrespective of the level of promised
value inherited, the central bank’s surplus in &g is larger than that in £4. The last two panels
of Figure 2 depict the value of the inequality constraints across the endogenous grid of promised
values. Depending on the promised value, any of the cash or incentive constraints can bind.
Observe that the cash constraint for the agents who reported high (low) endowment are slacker
(tighter) in £4 than in &. With regard to informational constraints, notice that it’s sufficient
to restrict the constraint set to locally downward incentive compatibility in £4. However,
downward or upward incentive compatibility constraints can bind in £g as income monitoring
varies across types. In particular, it is efficient to monitor low-income households less than

high-income households when demonetization policies are allowed to be state-contingent.

230n restricting the central bank’s perception to coincide with the realized probabilities from the data, I was
not able to obtain a calibration in which incentive constraints for low types bind over a non-zero measure of the
state-space. Without this property the model cannot generate non-monotone policy functions (see appendix).
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in the aggregate (state-contingent) demonetization economy. The

Figure 2: Value Function, Policy Functions and Constraint Sets

Transitional Dynamics

Figure 3 plots the optimal paths of promised values, transfers, and demonetization policies

upon being exposed to persistently low and high endowment shocks at the long-run average of

promised values. Transfers and demonetization policy at time 0 are set to zero for this exercise.

In standard models with hidden income, the only way to provide insurance without creating

incentives to misreport income is for the principal to increase (reduce) promised utilities over

time in response to persistently high (low) reported endowment. This holds at the baseline

calibration as well even though the inclusion of state-contingent demonetization can upset this

pattern in general. Observe that responses of demonetization policy to income shocks can be

non-linear due to non-monotonic policy functions in the state-contingent monetary economy.

In contrast, the central bank alleviates transfer limits in response to persistently high income

shocks in the aggregate monetary economy.

4.3 Long-run Properties

This section compares the long-run properties of optimal allocations in the state-contingent

and aggregate monetary economies. I show that wealth inequality can be considerably mitigated

by switching to the state-contingent setting.
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Figure 3: Responses to Persistent Income Shocks

4.3.1 Moments

Table 2 reports the first three moments of demonetization, transfers and promised val-
ues obtained from simulating the model over 100,000 periods in economies £ and £4. All
three moments of promised values in the aggregate demonetization economy are higher than
their state-contingent counterparts. The differences in the mean and standard deviation of
promised values across the two economies are mirrored in demonetization and transfer policies;
see columns (1) and (2) in Table 2. Currency in circulation is higher as well as more volatile in
the aggregate monetary economy. Since transfers limits are sufficiently tight under the baseline
calibration, the mean and standard deviation of simulated transfers in the aggregate monetary

economy are also higher than their state-contingent counterparts.

Table 2: Long-run Moments: Mean, Standard Deviation and Skewness

Kt bt W
(1) (2) 3) (1) (2) (3) (1) (2) 3)
Es 0.0013 0.0029 3.6991 -0.1101 0.0868 0.1215 8.2982 0.1471 0.1481
Ea 0.0068 0.0074 0.8728 -0.0860 0.1030 0.0227 8.6000 0.3758 0.4102

Note: Columns (1), (2) and (3) denote the first three moments respectively. All moments are computed using simulations
over 100,000 periods.

Table 3 reports the covariances among the planner’s choices over time and endowment
shocks. Observe that the central bank runs a moderating monetary policy in the state-
contingent monetary economy in the sense that money and income share a negative relationship.
This is the quantitative analog of Lemma 4. Contrastingly, the central bank runs a magnifying
monetary policy in the aggregate monetary economy in the sense that money co-moves with
income. Furthermore, promised values co-move with money in both economies. This echoes
Lemma 5, which analytically shows that money holdings are increasing in wealth.

As in TW, promised values are increasing in income realizations. Another pattern observed

in TW persists in the state-contingent economy, i.e. negative covariance between transfers
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and promised values. This relationship, however, does not hold in £4. Observe that the
covariance between money and transfers is larger in £4, implying that incentive effects play
a more prominent role in shaping monetary policy in £. Moreover, the negative covariance
between transfers and income verify that insurance is provided in the aggregate as well as the

state-contingent monetary economy.

Table 3: Long-run Moments: Covariance

(K, y) (wy) (kW) (K, b) (b, w) (b,y)
£ -0.0001  0.0086  1.2914x107°  1.5644 x 10~  -0.0023  -0.0057
&4 0.0001 0.0118  0.0027 2.2415 x 107 0.0060 -0.0069

Note: All moments are computed using simulations over T' = 100,000 periods. Bold letters notate the
time-series obtained from simulations over T' periods.

4.3.2 Wealth Inequality

This section shows that the aggregate monetary economy features more wealth inequality
than the state-contingent monetary economy in the long-run. Figure 4 compares the distribu-
tion of promised values over time in the two economies. Though mean levels of promised values
are comparable across the two economies, the ergodic distribution of promised values is more
dispersed in the aggregate monetary economy. Using the coefficient of variation in promised
values as a measure, I find that wealth inequality is 2.5 times larger in the aggregate monetary
economy relative to the state-contingent setting. Consistent with the data, the kernel density

of the ergodic distribution of promised values in £4 also resembles a Pareto distribution.

. x10° 25 x10°

pa0(w) | w —E&s

——&4
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0

8 8.1 8.2 8.3 8.4 8.5 8.6 8 8.5 9 9.5 10 7.5 9 9.5 10
v v
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Notes: This figure compares histograms (using 10 bins) and associated kernel density functions of promised values obtained using
100,000 simulations in the aggregate and state-contingent monetary economies.

Figure 4: Ergodic Distribution of Promised Values

Differences in wealth inequality across the two settings stem from differences in respective

monetary policies. The relationship between currency in circulation and wealth inequality is
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ambiguous in general. To illustrate this, I distinguish between two channels through which
money can affect wealth inequality.

When cash constraints are slack, increasing currency in circulation (from its lower bound)
increases wealth inequality. This is because increasing currency in circulation reduces income
monitoring by assumption. As a result, the optimal contract spreads wealth over time to
incentivize truthful reporting. This effect is more at play at lower levels of wealth. I refer to
this as the incentive channel of monetary policy.

When cash constraints bind, an increase in currency in circulation can be consonant with a
reduction in wealth inequality. Binding cash constraints tend to reduce the spread in transfer
payments. As a result, truthful revelation of income can be supported by a lower spread in
continuation values compared to an economy without cash constraints but with the same level
of income monitoring. When all cash constraints bind in the aggregate monetary economy,
for instance, transfers and continuation values are identical across types for any given level of
promised value and there is no scope for wealth inequality. At the same time, the central bank
may find it optimal to adopt a loose monetary policy stance to alleviate transfer limits. In such
situations, wealth inequality and currency in circulation share a negative relationship. This
effect is more prominent at higher levels of wealth. I refer to this as the transfer channel of
monetary policy.

Table 2 shows that currency in circulation in the aggregate monetary economy is larger
than its state-contingent counterpart. Moreover, the incentive channel outweighs the transfer
channel for a majority of households since the wealth distribution is Pareto under the baseline
calibration. This implies a positive relationship between currency in circulation and wealth
inequality. Intuitively, switching to a state-contingent setting allows the central bank to reduce
transfer limits for high types without inhibiting risk sharing across types. This not only makes
monitoring income levels of high types more effective, but also has the byproduct of lowering
printing costs. Better income monitoring implies that the central bank ultimately needs to rely

less on spreading wealth over time to distinguish between income groups.

4.3.3 Lorenz Curve

The baseline calibration targets only one observation on the Lorenz curve, i.e. the wealth
share of the bottom 20% of the population. Alternatively, one could discipline the entire set
of endogenously estimated parameters using additional information from the Lorenz curve. In
particular, the AIDIS contains data on cumulative wealth shares for each decile, providing 9
sample moments. Since the number of parameters to be estimated is less than the number of
moment conditions, I use GMM to estimate the unknown parameters (Hansen, 1982).

Let v = (z,a,¢) € R2, x [0,1] =T'. Let Q; denote a 1 x 9 vector of moments comprising
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of the wealth shares of the bottom n% of the population ¥Yn € {10,20,...,90} where i €
{Model, Data}. The GMM estimator is given by:

¥ € argmin, cp[Qodet(7) — Qpata) W[ toder (7) — Lpatal,

where W is a 9 x9 weighting matrix. Using an identity weighting matrix, this procedure delivers
the following estimates for the unknown parameters: 4 = (1.1,0.8,0.0008).

The model estimated using 4 does a good job of matching the data. This can be seen
vividly in figure 5, which compares the observed Lorenz curve for India with that simulated in
two economies: (i) the aggregate monetary economy under the baseline parametrization, and
(ii) the aggregate monetary economy under 4. As observed in the data, both economies feature
substantial wealth inequality, which can be graphically seen in their departure from the 45
degree line. However, outcomes under the baseline calibration underestimate the concentration
of wealth at the top of the distribution. The aggregate monetary economy under the baseline
parametrization can account for 83% of the variation observed in the data, whereas the model

estimated using 4 can account for 94% of the variation.

4.4 Welfare

I now compute the gain in surplus realized by the RBI upon switching from an aggregate

demonetization policy to a state-contingent one in the long-run. In particular,

— P(’Uoo | Ry = /iH)] = 285%,
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where v* € V denotes the long-run average of simulated promised values in the state-contingent
demonetization economy. Since I allow the aggregate demonetization policy to be dependent
on promised values, these estimates effectively serve as a lower bound for surplus gains that

can be realized by allowing monetary policy to be contingent on income.

0.6

Surplus Gains

8.5 9 9.5 10 10.5 11
Initial value (v)

Notes: Surplus gains are in percent of expected income. Gridlines on the y-axis capture the 10th, 25th,

50th, 75th and 90th percentiles of surplus gains.

Figure 6: Gains from State-contingent (relative to Aggregate) Demonetization

Figure 6 depicts how the value of these gains varies over the ergodic region of promised
values. Observe that surplus gains from state-contingent monetary policy relative to the aggre-
gate benchmark are non-monotone in promised values. Over the region where cash constraints
are sufficiently tight, surplus gains are increasing in promised values. This exercise highlights
that the surplus gains associated with switching to a state-contingent monetary policy do not

necessarily increase in wealthier societies.

5 Empirical Estimates

This section provides evidence supporting the main assumption of the model, and tests the
implications of the framework. First, I document a positive relationship between cash and infor-
mality across Indian states as well as across countries.?* Second, I estimate the heterogeneous
response of consumption expenditure to demonetization using a panel of Indian households.
Applying an instrumental variables (IV) approach, I find that demonetization reduced con-
sumption expenditure most in low-income and wealthy households, which is consistent with

the model’s predictions.

24Tn the appendix, I also present some indirect evidence in support of this relationship using household-level
survey data.
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5.1 Cash and Informality

According to a recent report by the International Labour Organization (ILO), about 87%
of all employed people in India work in the informal sector. This section argues that cash could

be at the root of economic informality.

5.1.1 Cross-sectional Evidence from Indian States

Time-series measures of informality in India are unavailable at the state level. Nonetheless,
the National Sample Survey Organization (NSSO) conducted a large-scale household survey on
the informal sector in India for F'Y 2009-10. The report provides a detailed snapshot of those
engaged in informal sector enterprises in India. The NSSO broadly characterizes the informal
sector as consisting of units involved in the production of goods or services with the primary
objective of generating employment and incomes to the persons concerned, and production
units that have characteristic features of informal household enterprises. In particular, expen-
ditures incurred for production in such enterprises is often indistinguishable from household
expenditure, while capital goods such as buildings or vehicles may be used indistinguishably
for business and household purposes.

In Figure 7(a), I merge data from the Informal Sector and Conditions of Employment in
India Survey (ISCEIS) with data from the All India Debt and Investment Survey (AIDIS)
to depict the relationship between cash and the proportion of informal workers across Indian
states.?” It shows that states with larger informal sectors tend to be those in which average

cash loans are higher.

5.1.2 International Evidence

This section offers evidence on the positive relationship between cash and informality from
cross-country data. I supplement a similar analysis by Rogoff (2017), who uses data on the cash-
to-GDP ratio and descriptive evidence on economic informality for a select group of countries
to argue his case, with data on informal sector employment from the International Labour
Organization (ILO). To gauge the degree of economic informality, I use the latest available data
point from the harmonized series on informal employment (in percent of total employment).
These include male and female observations, and spans agricultural as well as non-agricultural
employment. I measure the reliance of cash in a particular economy by the ratio of currency in
circulation to GDP. This data is obtained from the IMF International Financial Statistics (IFS)
and Central Bank Surveys. Figure 7(b) shows that countries with a higher currency-to-GDP

ratio tend to have larger informal sectors.

25 AIDIS is a decennial survey conducted by the NSSO since 1971, with a roughly 0.01% sample of the Indian
population, through a multi-stage design.
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Figure 7: Relationship between Cash and Informality

5.2 Testable Implications

In this section, I provide evidence on the idiosyncratic response of households to demone-
tization. The theoretical and quantitative results suggest that the non-discriminatory transfer
limits observed during demonetization inhibit static consumption smoothing for low-income
earners more than high-income earners, and limit dynamic consumption smoothing for rich
households more than poor ones. To test these predictions, I merge data from the Household
Income and Expenses (HIE) survey, the Household Amenities, Assets and Liabilities (HAAL)
survey, and the People of India (POI) database in Consumer Pyramids to obtain a holistic
account of expenditure, income, wealth and demographics.

I use IV to estimate how demonetization interacts with the two dimensions of household
heterogeneity considered in the model: income and wealth. I restrict attention to the period
October 2014 to April 2018 as monetary policy was relatively stable over this period barring
the demonetization episode. I denote a household by ¢, a period by ¢, and a location by
[. The demonetization shock is captured by an indicator variable, 1p(t), which equals 1 if
t € {November 2016, December 2016} and 0 otherwise. I consider the following linear model:

¢it = Boylp(t) X yir + Boslp(t) X U5 + Byyis + Balis + ar + Bit + BzZit + €it,

where €;; ~ N (0,0%). The dependent variable ¢ represents total household expenditure. The
variable y represents total household income, while wealth, v, is measured by the total number

of household units.? The explanatory variables in the regression are interaction terms between

269 denotes the consumption equivalent of v.
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the demonetization indicator variable and the above measures of income and wealth.

Table 4: Idiosyncratic Response of Households to Demonetization

OLS v
(1) (2) (3) (4) (5) (6)
Income during Demon. 0.0779 0.0673* 0.0638* 0.0615* 0.0181***  0.00877*
(0.0406) (0.0332) (0.0304) (0.0305) (0.00428)  (0.00374)
Wealth during Demon. -1533.0**  -1703.4*** -1672.9*** -1626.2*** -970.8***  -833.2***
(575.2) (495.9) (466.3) (456.6) (59.34) (50.36)
Income 0.101* 0.0851* 0.0822* 0.0799* 0.138*** 0.141***
(0.0418) (0.0368) (0.0369) (0.0352) (0.00329)  (0.00229)
Wealth 378.4** 330.1** 343.3** 516.5%** 179.0*** 301.8***
(136.4) (112.0) (111.3) (125.7) (24.83) (24.23)
Self-insurance: A 399.0* 108.8***
(190.7) (16.84)
Lack of Formal Credit: A -452.6*** -337. 7+
(79.23) (25.37)
Informality: A 639.4*** 575.9%**
(45.31) (15.62)
Self-insurance: B 220.2** 337.6%**
(72.88) (30.27)
Lack of Formal Credit: B -1907.3*** -1536.5***
(214.8) (16.93)
Informality: B 41.72% 26.94
(18.12) (15.57)
FE and TT N Y Y Y Y Y
N 5297741 5297741 5297741 5297741 5297491 5297491

Notes: Total household expenditure is the dependent variable in all specifications. Controls for self-insurance include (A)
the total earning members in the household, and (B) a dummy variable that tracks if the household has an outstanding
borrowing from relatives or friends for any purpose. Controls for lack of access to formal credit include (A) a dummy
variable that tracks if the household has an outstanding borrowing from money-lenders for any purpose, and (B) a dummy
variable that captures if the household resides in a rural area. Controls for the degree of informality include (A) a dummy
variable that captures if the household has saved in gold, and (B) a dummy variable that captures if the household has
saved in real estate. Columns (1)-(4) correspond to OLS estimates, and columns (5)-(6) correspond to IV (2SLS) estimates
where income is instrumented with age. FE denotes state fixed effects, and T'T denotes time trend. Robust standard
errors are in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001.

I control for state fixed effects, a time trend, as well as other factors that may affect credit. In
particular, Z denotes a vector of controls that capture variations in (i) the ability of households
to self-insure, (ii) access to formal credit, and (iii) the degree of informality. To proxy the extent
of self-insurance, I consider total earning members in the household, and an indicator variable
that determines if the household has an outstanding borrowing from relatives or friends for any
purpose. To proxy access to formal credit, I consider an indicator variable that determines if the
household has an outstanding borrowing from a money-lender for any purpose. I also control
for whether the household resides in a rural or urban area. Access to formal credit in rural

areas in India has improved somewhat in recent decades but remains woefully low compared
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to urban areas (Basu, 2006). To measure households’ ability to hide income, I consider savings
in gold or real estate. The Government of India identified both of these assets as instrumental
in aiding the informal economy in the 2016-17 Economic Survey. Gold is similar to cash in
that it is anonymous, and can be used to evade taxes. Real estate investments can also create
incentives for tax evasion through under-reporting of transaction prices. This was also pointed
out in a report titled “White Paper on Black Money” issued by the government in 2012.

Table 4 reports the results. The point estimates for all specifications suggest that demone-
tization caused a larger reduction in expenditure in households earning a lower income, and in
wealthier households. These findings are consistent with the model’s predictions.

The OLS estimates, however, may suffer from endogeneity bias as income is likely to be
correlated with unobservable characteristics relating to ability. To recover casual effects, I use
age as an instrument for income. Individuals typically tend to earn more with age. As a

first-stage regression, I consider:

Yit = BnNit + Boylp(t) X yir + Boslp(t) X 05 + Bolis + ar + Bit + BzZi+ + €5,

where €;; ~ N(0,0?), and N denotes age. The instrument has a strong first stage. Conditional
on the other covariates, I find that age has a significant positive impact on income at the 1%
confidence level. Table 5 (see appendix) examines how age affects income and consumption
expenditure. All regressions report heteroscedastic robust standard errors. Higher age signif-
icantly increases both income and total consumption expenditure. This can be seen in the
baseline specifications of columns (2) and (6), which control for state fixed effects and a time
trend. The implied effects are that an additional year of age increases income by 154.1 rupees,
and consumption expenditure by 22.5 rupees. Controlling for set B of self-insurance, access
to formal credit, and informality proxies does not substantially change the estimated coeffi-
cients on income and consumption expenditure as compared to the baseline estimates. These
estimates decrease by about a third when controlling for set A, but remain significant.

The model rejects the null hypothesis that age is a weak instrument for income. The F
statistic of the excluded instrument is 4592.27, which is significantly larger than the Stock and
Yogo (2005) critical value (at the 10% maxima IV size) of 16.38. It is also reasonable to expect
that age is uncorrelated with expenditure for reasons beyond its effect on income. This is
corroborated in the data. The correlation between age and the error term in the explanatory
equation is negligible (0.018). This suggests that age is an informative and valid instrument.
Observe that the IV estimates and OLS estimates are quite different, which suggests that there
is substantial bias from the omitted ability variables.

When controlling for the preferred set of self-insurance, access to credit, and informality

indicators, I find that a 1 rupee increase in total household income during demonetization

25



0.04 . T T . . I
0.03 |- l l
T

0.02 - l 4
-500 |-

0.01 T 1 1
- , 5
o J 4 T J
-1000
-0.01 - T
T —1
T
-0.02 - /
s
T
-0.03 L L L L L -1500 L L L L L
Nov. 16 Dec. 16 Jan. 17 Feb. 17 Mar. 17 Nov. 16 Dec. 16 Jan. 17 Feb. 17 Mar. 17
(a) Income (b) Wealth

Figure 8: Interaction between Demonetization and Income/Wealth across Time

increases household expenditure by 0.02 rupees, while an increase in financial wealth by 1
(household) unit during demonetization decreases expenditure by 970.8 rupees. Both these
estimates are significant at the 1% confidence level.

The window to deposit old currency notes closed on 30 December 2016. Moreover, the
ATM and savings account withdrawals limits ended altogether on 13 March 2017. Thus, the
interaction of demonetization with income and wealth should be most pronounced prior to
30 December 2016, and subside by 13 March 2017. To test these predictions, I consider a
more granulated specification featuring multiple interaction terms that vary by month. Figure
8 depicts the respective coefficients and (robust) standard errors. Observe that the absolute
value of the coefficients associated with the interaction terms decreases substantially post 30

December 2016, which is consistent with the predictions of the model.

6 Extension: Labor Income Risk

This section considers a setting conducive to computation while avoiding trivial solutions
in order to evaluate the sensitivity of optimal allocations to changes in (i) the endowment
spread, and (ii) the efficacy of the monitoring technology. I examine optimal demonetization
policy in the presence of labor income risk.?” The economy is populated with a continuum of
agents of unit measure that differ in labor productivity # ~ ©. Agents privately learn their
productivity # and then produce n(f) efficiency units of labor. This requires n(6)/6 units of
work effort. Labor disutility is captured by a mapping ¢ : R, — R_ that is increasing, convex,
and differentiable. I assume the mechanism designer inherits a pre-defined labor schedule. This

reduces the choice set of the central bank to just the consumption schedule and monetary policy.

27Observe that in a static model without labor disutility, full insurance necessarily features in every incentive
compatible allocation.
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I further restrict attention to aggregate demonetization. The planning problem with privately

observed heterogenous productivity and exogenous labor schedules is given by:

B, 2 W(Q){U(C(QD - <%9)) } (7)

0cO

st > w(O){n(6) - c(6)} > C(x), (8)
0cO
c(f) < F(k)+n(f) V8 € O, (9)

) - a( ") = 009 [u(ele) - o (") | 007 € 0 x 0. (10

In the numerical exercise I use an affine transformation of the transfer limit used in the
dynamic model, i.e. F(z) = zz® + x and employ a binary skill distribution © = {6,0y}.
Labor disutility is an affine transformation of an exponential function:*®

expx

sup n(6) ) o

9(r) = ————
exp( inf 0

The baseline parametrization is given by:
{n(0n),7(L),00, 00, 2,0, X, 0, Kmaz } = {10,0.5,0.05,1,0.5,1, —5,10~*, supn()/6}.

Since @ = 1, arc elasticities of demonetization policy, x, will coincide with arc elasticities
of aggregate currency in circulation, F'(x). This is useful when interpreting the results. The
income monitoring technology, the cost function, and the level parameter of the transfer limit
remain unchanged from the baseline calibration in section 3.

The economy subject to feasibility, transfer limits, and incentive constraints is denoted by
CE, while CE-C denotes the economy subject to only feasibility and transfer limits. E denotes
the efficient economy without transfer limits.

A few patterns can be generalized irrespective of the comparative static exercises that follow.
Incentive constraints are always slack in the efficient setting due to costless income monitoring;
since C' is monotonically increasing, setting x = 0 weakly relaxes the constraint set without
diverting any additional resources. Due to this full insurance is achieved in the efficient economy;,
c(0r) = ¢(0y). This shows that incentive constraints have no bite in an economy without
transfer limits. In contrast, the cash-constrained economies feature a positive spread between
consumption allocations across types. This difference between allocations in CE and CE-C
emerges due to binding incentive and cash constraints. Furthermore, resources are wasted in

the cash-constrained economies, manifested by strictly slack feasibility conditions in CE and

28The affine transformation is made to restrict the range of ¢ to the negative orthant of the Euclidean space.
This ensures that the income monitoring technology is well-defined.
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CE-C.

6.1 Sensitivity to Endowment Spread

Figure 9 depicts optimal allocations from the above program across a grid of the low type’s ef-
ficiency units of labor, n(6) € [n(0x)/2,n(0x)]. Observe that currency in circulation is strictly
decreasing in n(f;). Moreover, consumption allocations in the efficient and cash-constrained
economies are respectively strictly and weakly increasing in n(67). This implies that welfare
is monotonically increasing in the low type’s efficiency units of labor when 7 has full support.

As n(6) is increased, monetary policy and welfare in the CE-C economy converge to the CE

outcome.
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Notes: Gridlines on the x-axis signify the nodes at which optimal allocations are evaluated. The constraints are manipulated
such that positive values correspond to slackness. The scale on the value of the cash constraint for the low type, CC(L), is
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Figure 9: Optimal Allocation and Constraint Sets across Low Efficiency Labor Units

6.2 Sensitivity to Efficacy of Monitoring Technology

Figure 10 depicts optimal allocations across a grid of 1, which is the parameter that con-
trols the elasticity of the income monitoring technology with respect to currency in circula-
tion. Notice that allocations for CE-C do not vary with 1 since the economy is devoid of
informational frictions by assumption. When incentive constraints bind in CE, the central
bank finds it optimal to reduce currency in circulation as the monitoring technology becomes

more elastic. Over this region, the -arc elasticity of currency in circulation is approximately

2.32—-2 0.2 __
2.16 X —-0.4

in the incentive-constrained region, welfare implications are ambiguous in general and depend

—0.07. Moreover, consumption allocations in CE diverge as v increases. Thus,
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on the skill distribution, (#,7(0)). An increase in 1 alleviates incentive constraints for both

types, and beyond an endogenous threshold, the CE and CE-C allocations coincide.
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Figure 10: Optimal Allocation and Constraint Sets across Efficacy of Monitoring Technology

7 Conclusion

I develop a dynamic contracting model in which the degree of hidden income is jointly
determined with transfer limits. Optimal monetary policy in this environment balances the
insurance benefits of loose money with the informational costs of weak income monitoring.
Under mild assumptions on the shape of the income monitoring technology and transfer limits,
I show that state-contingent demonetization policy is weakly decreasing in reported endow-
ments. Under complete information, I isolate conditions under which currency in circulation is
increasing in promised values. A model calibrated to Indian data reveals that long-run gains
in the surplus of the central bank upon switching to a state-contingent monetary policy from a

non-state-contingent one are 28.5% of aggregate income.
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Appendix

Proof of Lemma 1: Following steps similar to those outlined in the proof of Lemma 5
one can arrive at the following equation when F is linear Vs € S°(v):

C,/(%S(U))agiv) + [P”(v)u'(cs(v)) + P’(v)u”(cs(v))F’(ms(v))aﬁgiv)] F'(ks(v)) = 0.

Differentiating w.r.t. v, we have Vs € S®(v):

00| 2|t ) TH P [ PO )

+2(P”(v)u”(cs(v))F’(fis(v))—aﬁgiv)) + P'(0)u® (cy(v ))(F’(%s( ))855( ))
P ) P o) (P50 ) P o) P 0)

Oks(v)

()

et >>a“5f) -0

+ [P"(U)U’(Cs(v)) + P'(v)u” (cs(v) F'(k5(v))
Since F' is linear by assumption, the above expression simplifies to:

)l e <>>82§S<)+F’< ()){P(?’)(U)u/(cs(v))

#2( PO ) F o
82

P ) (e () P (s, 1) g; ]z

Algebraic manipulation yields:

) >0 from A.3 =—u<0 <0 from A.2 >0 /—58‘2
0 Rs(V " / " / — aﬁs v
Tt = —C )+ PO @) Py oo | 25
>0 from Lemma 5
>0 from A.4 >0 from A.2 <0 from A.2 >0 from A.4
/ (3) / /" " / 855 (U)
+ (ks () | P(0) w(es(v)) +2{ PP(0) u'(cs(v)) F(ks(v))  —5 =
>0
=—u<0 e - N

~ =

+ P'(v) u® (cy(v)) (F,<HS(U)>3R5£”))2 }

I now use this expression to guess and verify the strict concavity of P. Notice that if P is
strictly concave, i.e. P”(v) < 0, then under the conditions C®), P () —u® >0, we find that

Ks(v) is strictly convex in v Vs € 8%(v). Moreover, Prulv) _ & (o VS € Sb(v). Now observe

Ov? 81}2
that under full information 8’“‘55“) 2 552(” =0 Vs € §¢(v) since C is increasing. Furthermore,
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since full insurance features in the first-best contract, we have abgfj o) — 2 ;U ) — 0 Vs € S¢(v).
Thus, the concavity of P follows as compositions of affine transformations of strictly convex

and constant functionals are also strictly convex. [

Proof of Lemma 2: A standard contraction mapping argument assures existence of equi-
librium allocations as the Bellman operator corresponding to the functional equation satisfies
Blackwell’s sufficient conditions. Let the Lagrange multipliers on the promise keeping constraint
and the cash constraint in state s € S be denoted by p > 0 and ns > 0 respectively. Denote
the multiplier on incentive constraint D, ; by A > 0. If the programming problem is strictly
concave, the following first-order conditions are necessary and sufficient for global optimality:

bs . T + Ns = /“Ts s Z {As su Cs - A§,3¢(H§)U/(y§ + bs)} (11)
3€8\s
Wy m[P(ws) + p = Z {Ass — N s9(5) } (12)
3e8\s
Koo mC'(K) =0 F (k) = Y Aysd (k) [ulys + bs) + Buwy] (13)
3e8\s

The envelope condition is given by:
Pv) = —p. (14)

Substituting (14) in equations (11)—(12) we find that Vs € S:

775[1 + Pl(v) ‘I’ ns = Z {As su Cs - Aé,sQS(f%)U,(?/g + bs)} (15)
3€8\s
Pl('LU) ‘|—_ Z {Ass_ ss¢ Hs)} (16)
s 3€8\s

The above conditions, coupled with the complementary slackness conditions corresponding to
the inequality constraints, completely characterize the solution to the planner’s problem. [

Proof of Lemma 3: By way of contradiction, suppose in an optimal allocation
ds" € § : Ky < Kmae- By the completeness of K, ¢ > 0 : kg + € < Kpmae. The perturbed
optimal allocation where the demonetization policy in state s’ is increased by e weakly relaxes
the constraint set without affecting the objective of the planner as C'(.) = 0. This contradicts
the optimality of the original contract. []

Proof of Lemma 4: We want to show that
(ys — ys)(ks(v) — Ks(v)) <0 Yo e V V(s,8) €S xS,

with strict inequality over the particular region of the state-space defined in the statement of
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the lemma. Adding D, ; > 0 and Dy, > 0 we get:

u(ys + bs(v; ) — d(ks(v; @))u(ys + bs(v; @) + [1 — d(ks(v; @))]fws(v; @)
P(ks(v; 0))ulys + bs(v; 9)) — u(ys + bs(v; @) + [1 — P(ks(v; 9))] Bws(v; P).

v

Observe
u(ys 4 bs(v; 1)) — u(ys + bs(v; 1)) > u(ys + bs(v; 1)) — ulys + bs(v; 1)).

As w is strictly concave,
(ys — ys) (bs(v; 1) — bs(v; 1)) < 0.

Since ¢ and v are continuous,

3¢ € (0,1] = (ys — ys) (bs(v; &) — bs(v; 8)) <0 Vg > ¢

For the remainder of the proof, we assume ¢ > ¢’ and drop explicit reference of the same. The
state-space V' can be divided into three regﬁons_(i) promised values where all cash constraints
bind: [0,supu(ys)/(1 — 5)], (ii) promised values where some but not all cash constraints bind:
[v, 0], and (iii) promised values where all cash constraints are slack: [infu(ys)/(1 — 3),v].

Region 1: Suppose v € [v,supu(ys)/(1 — B8)]. We now show that transfers and demoneti-
zation policies co-move in cash constrained states. Since ns(v),ns(v) > 0, by differencing the
corresponding complementary slackness conditions we have:

bs(v) = bs(v) = F(rs(v)) — F(r5(v))
Multiplying by #(v) — s(v) on both sides:
(bs(v) = bs(v)) (k5 (v) — Ks(v)) = [F(ks(v)) — F(rs(0))](ks(v) — Ks(0))
Notice that the R.H.S. of the above equation is strictly positive as F is increasing. Thus,
(bs(v) = bs(v))(ks(v) — Ks(v)) > 0.

This shows that demonization policies are strictly decreasing in reported endowment over

[0, sup u(ys)/(1 — B)].

Region 2: Suppose v € [v,7]. Using the first-order condition for demonetization policy

T C'(rs(v) = = Y Aus(0)d (k(0))[ulys + bs(v)) + Buws(v)]
3€8\s
Vs € §%(v), w/ equality if ks(v) > 0.

As C" ¢/ A > 0 V(s,8) € S x S, this necessarily implies:

ks(v) =0 Vs € S(v).
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Similarly,

T C'(ks(v) > ns(8)F'(ks(v Z A s(v (v)[u(ys + bs(v)) + Bws(v)]

3e8\s
Vs € S*(v), w/ equality if s (v) > 0.

Notice that again for ¢ large enough, ¢’ ~ 0. Then, since C’(0)/F"(0) = 0 and 7y > 0 Vs € S,
we have

Ks(v) >0 Vs € Sb(v).
Therefore V(s, §) € S¢(v) x S(v)
(ns(v) = ns(v))(hs(v) = Ks(v)) > 0.
Moreover,
(ns(v) = ns(v))(bs(v) — bs(v)) > 0.
since by complementary slackness we have
Vs € S°(v) ns(v) =0 = by(v)
Vs € S’(v) ns(v) >0 = by(v)

VoIA

Thus, (ys — ys)(ns(v) — ns(v)) < 0 which implies
(ys — y2) (s (v) — K3(v)) <0 V(s,8) € S(v) x S"(v).
To show that

(ys — ys) (ks (v) — Ks(v)) <0 V(s,8) € S x S (v)

we can apply the argument analogous to that used in Region 1 when comparing demonetization
policies within the set of cash constrained states.

Region 3: Suppose v € [infu(ys)/(1 — 3),v]. Since ns(v) = 0 Vs € S in this region and
C’ > 0 we have rs(v) =0Vs e S. O

Proof of Lemma 5: Given v € V| in every interior equilibrium under full information the
first-order condition for consumption yields Vs € S:

ms[1 4+ P'(v)u/(cs(v))] + ns(v) = 0. (17)

Moreover, the optimality condition for the monetary policy instrument yields Vs € S:

msC' (ks (v)) = 1s(0) F' (55 (v)). (18)

From complementary slackness, if ny(v) > 0 Vs € S(v), we have

bs(v) = c(v) — ys = F(ry(v)) Vs € SP(v). (19)

37



Equations (17), (18) and (19) can be combined to arrive at one equation in the monetary policy
instrument Vs € S*(v):

C'(ks(0)) + [1+ P'(w)u'(F(ks(v) + ys)| F' (ks (v) = 0. (20)

Differentiating w.r.t. v:

C" (ks(v)) 8“55“) P (0)dd (cs(0)) + P ()i (cy(0)) F' (Ks(v)) 8“515“) F'(k5(v))
1+ P’(v)u’(cs(v))]F”(l-@s(v))akgiv) =0 Vs € Sv).
Algebraic manipulation yields Vs € S°(v):

>0 from A.2 >0 from A.4
—f———

Oks(v) _ —P"(v) u'(cs(v)) F'(ks(v)) |

0~ C(ka(0)) + P(0) o (ea(0) [F (e (0))P + [+ P'(o)d (e (0))] F" (k. (0)

S~ —— ~~ ~~ ~~
>0 from A.3 =—u<0 <0 from A.2 >0 :_niriiv)<0 from (17) <0 from A.4

Observe that the above expression is strictly positive since P is concave, which completes
the proof. [

Proof of Lemma 6: I first show that w, is continuous. This follows from Theorem 9.6
in Lucas and Stokey (1989), which holds since the following conditions are satisfied: (i) the
possible values of the endogenous state variables V' is a convex Borel set in R, (ii) the exogenous
state space, S, is finite and hence a countable set, (iii) the incentive-feasible correspondence is
non-empty (since the endowment shocks are strictly increasing), compact-valued and continu-
ous, (iv) the function ) __, m,(C(ks) + bs) is bounded and continuous, and (v) 8 € (0,1). Let
€ = mingeg . Since 7 has full support, VN € Z* Vv € V Q¥ (v,infu(c)/(1 — B8)) > € > 0.
Thus, the result follows from Theorem 11.12 in Lucas and Stokey (1989). O
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Evolution of Transfer Limits and Cash
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Source: RBI.

Figure 11: Transfer Limits and Currency in Circulation

Evidence on the Non-monotonicity of Money in Wealth

Without binding incentive constraints of low type agents over a non-zero measure of the
state space, transfers would be perfectly (positively) correlated with wealth in the model (as
in TW). In the data, however, cash transfers are non-monotonic in asset positions. Figure 12
compares the average value of total assets with the average value of cash outstanding across
Indian States and Union Territories. Observe that outstanding average cash balances are non-
monotone in average asset holdings, which is consistent with the policy functions obtained from
the model at the baseline calibration.
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Source: NSSO (70/18.2) Key Indicators of Debt and Investment in India. The data reflects estimates as on 30th June 2012.

Figure 12: Average Value of Assets and Cash Loan Outstanding (Rs.) in each State/UT: Urban

Cash and Informality: Indirect Evidence from Household-level Data

Time-series data on household portfolio decisions also provide suggestive evidence on the
link between cash and informality. Figure 13 depicts the evolution of the proportion of Indian
households with savings in gold and real estate. Measured in these rubrics, economic informality
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reduced substantially during demonetization. The proportion of households with savings in gold
decreased by about 26% from November 2016 to April 2017, while the proportion of households
with savings in real estate fell by about 31% over the same period. In fact, over the last few
years, the administration has taken a series of steps to curtail black money. The Black Money
and Imposition of Tax Act provided for a one-time voluntary disclosure scheme from 1 July 2015
to 30 September 2015. Moreover, the Goods and Services Tax (GST) was enacted on 1 July
2017. Though the primary purpose of the GST was to increase efficiency, it also established a
dual monitoring structure aimed at stemming tax evasion. These periods were accompanied by
reductions in gold and real estate savings as well.
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Figure 13: Share of Households with Gold and Real Estate Savings
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