A Technical Appendix (To be published online)

A.1 Household’s first order conditions

e The Lagrangian for the household problem is given by,
Li=E Y BlU(Ciys) = ®(Hiys) + V(Diys/Prys, Diy o/ Prvs)— (A1)
s=0

M(PiysCis + PripsTivs + Digs + D?+s — WipsHpys—
(]‘ + Ztlis) DH*S*l - (]‘ + ia) D?+571 - Hers - H;+s - H?+s)]

The household’s optimal choices are given by

% =U'(Cy) = \P, =0

% =®'(H;) — MWy =0

géi _ V1(Dt/1;i;D?/Pt) ~ N4 BE v (1 +i2)) =0
gg; _ ‘@(Dt/fj%,D?/Pt) — M+ BE a1 (149} =0.

Substituting out the lagrange multipliers, one obtains the household’s first
order conditions (5) through (7).

A.2 Derivation of Tobin’s q equation

Capital goods producing firms maximize

maxF; > QP {Qt+j1t+j - {1 + S <I L ) > } It-&-]} (A.2)

7=0
s.t. Kt = (1 - 6k)Kt—1 + Zm7tlt (Ag)

where ) ;4 ; is the stochastic discount factor and Z,; is an investment specific
technology (IST) shock that follows an AR(1) process:

InZy —InZ, = p,. (m Zoi1 —In Zm) oy

where £ is an i.i.d shock.
The first order condition is
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Set ;¢ =1 in (A.4), and solve for @,
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Note that Qt7t+1 = BEt [UI (Ct+]_) /U/ (Ct)] [Pt/Pt+]_]. Substltutlng this in (A5),
we get equation (11).

A.3 Bank’s first order conditions

The Lagrangian is given by

L+ ) Legs—1 + A +)ME ) — (C— ag)(1+if ) Degs
S —(1 4 — P )X s Wigsm1 — ME 1) — (1= Xy s) Wigs—1
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The first order condition with respect to M is given by!

Dy

(=) 4+ A+ B Qg1 (1) + B Qo1 (144P) i FW)dW, = 0. (A.6)
Mt

Setting Q;; = 1, the Euler equation for M/ is given by equation (21).
The Kuhn Tucker condition states that

M

—— =q, if Ay > 0.

Dt T t
Assume that the reserve requirement is not binding, which implies that A; = 0
(i-e., banks hold excess reserves). Assuming a rectangular distribution for W;
over [0, D;]?, equation 21 reduces to

1Note that

P [f [ ] FOT)AW, — [N W, £ (W) aw,

2 Since W, follows a rectangular distribution, over [0, Dy]

Dy — ME 1 ME

Dy —
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ME:1=EQ i |[(L+i) + 1+ i) - 5| (A7)
t
We solve Ig’f as follows:
M —1_ 1- .(1 +.7;§)Et9t,t+1 (A.8)
D, I+ =i ) B Q41

which is equation (22).



B Technical Appendix

B.1 Short run equation system for the baseline model

The short run system has 19 endogenous variables:
Qt,t—i—l Z%‘ Kt Ht Yt Ct It dt djtg Tt ’LtD ’LtG Tt T Qt Wt/Pt Gt Pt/th At .

There are four interest rate parameters, i%%,i% i%, i and note that i =
i% = iP = 4%, The 19 equations are given by.
Bu’(ceq1) 1
1. Q =—Z (147 B.9
tt+1 w(e) ( t+1) (B.9)

2. U'(Cy) =V, (di,d?) + BE {U' (Cryr) (1 +i2) (1 + mpa) ™t} (B.10)

3.U'(Cy) = Vy (dy, d2) + BE {U (Coyr) (1 +i%) (1 4+ 741) 1) (B.11)
4. ' (Hy) = (W /P) U (Cy). (B.12)
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dy (14 P) By 141 ( )

13. Lyt 1= E Q1 (1+1ir, ) (B.21)

14. Gy — G = pg (Gt_1 - C_:) + &6 (B.22)

16. K; = (1 —0)K;_1 + I (B.24)

17 (1 + Wt)(xt/xt—l) _ ((1 =+ Wt—l)(xt—l/l‘t_Q))p“ (B25)
1+ 1+

18. 1442 = ¢(14i9) (B.26)
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B.2 Steady State

In this section, we solve for the steady state values of the endogenous variables.
The steady state inflation rate is set as: my41 = 7 = 7, which pins down the
steady state mark-up as:

P e¥
Equation (16) in the steady state is given by,
PY\ MPK
as PtTtl = 1+ my1. Further, from equation (11) and (B.28) in the steady

state, @ = 1 and PV = 5:;113, respectively. Also, in the steady state, YW =
K“H'~% which implies that M PK = ‘ﬂ;(w. Equation (B.29) thus reduces to,

1+ = K‘if) (O‘;W> +1- 54 (1+7) (B.30)

Recalling that in the steady state, the stochastic discount factor is given by 1_%,

substituting this into the steady version of equation (23) yields, 1 +i% = %

From this expression, we can solve for the steady state capital-labor ratio, K/H,
which is given by



== {a FZ; 1} [é = (11_ 5@1 } B (B.31)

which we call A hereafter.

The national income identity is given by,
C+0xkK+G=KYH'™@ (B.32)

Assume the following functional forms: & (H;) = H;, U (C;) = In(C;) and
V (di,d?) = nlnd; + (1 —n)Ind?. Thus in steady state, ' (H) =1, U’ (C) =
1/C, Vi (.,.) =% and V5 (.,,.) = (1(;"). Substituting for these values into equa-
tion (7), in the steady state we get

C=W/P. (B.33)

Using the labor market condition, W/P = (1 — «) (8:;1) (%)a . Therefore,

eV —1 o
C=(1-a) e (AM)*. (B.34)
Now, substituting V{ (.,.) = % in equation (5), we get,
1 , 1 (1+4P)
S A T el Sl 4 B.

which can be re-written as,

l+m—nS(1+m)

1+4P= B.36
5 (B.36)
Similarly substituting Vj (.,.) = (1(;77)’ in equation (6) ,we get,
l+7-(1-n) &1
TR T k) A S (B.37)
B
Since % = A, equation (B.32) above thus reduces to,
C+G = [A‘(l_“) - 5K] K (B.38)

Recall, from equation (27) the government budget constraint is given by,

PG+ (1+i%) Bi+ (14" ME  +(14+i)DP_ | = PTy+Bi+ M+ D¢ +(1+i") E max(W,— M, 0)
(B.39)



Dividing throughout by P; and noting that PtP = =14, we get

S 1) P () g s (142 B M )
1+7Tt 1+7Tt 1+7Tt Dt Dt

(B.40)

GHr(l + ZtG)

where thMtR/Pt,dtz and bt Bt/Pt
In the steady state, the above equation becomes

G+(1+4f) L+(1+2'R)L+(1+z’“) @ :T—&-b—&-x—&-d“—&-(l—l—ip)dEmax(@—M—ﬁ 0)
l4nw 14w 1+ t D, D,
(B.41)
or,
-G ‘R -a a W MR
G(1+m)+(i% — 7) b+ (i =)+ (i —7)d* = T(147)+ (l—i—zp)dEmax(F—? 0)(14m)
t t
(B.42)
Dividing through the above expression by d, yields,
1 e T W, ME
@Jr(ig — ) qu+(iR77r)§+(i“f7r)E Pl (1+zp)Emax(%fﬁ 0)(1+m)
(B.43)

. N A . N z _ MF/P
since B/D = a, (which implies b/d = o) Also,§ = o/

We can substitute out for % in the above equation (B.43) from equation
(B.36) and (B.37) nothing that.

d[1+m—B(1+i")] =nC(1+m) (B.44)
dl+r -1+ =0-nC(1+m) (B.45)
o d o [1+7-B1+i%)
de 1—n|1+7—-BA+iP)]’ (B.46)
and ( °) 5
e 1=+
i 1+ir) (B4

] @ _ MtR 3 Wt —
Finally, let us solve for F max( DL~ D ,0) in the steady state. Assume = Zy,

and since D, is given, Z; follows an uniform distribution as W, but between [0, 1].
Thus,

M} ! ML
E;max(Z; — 7tt,o) = /MR/D (Zt - Dt> h(Z)dZ,
t t



Since h (Z;) =1

MF ! MF
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where MTR is given by (A.8) evaluated at the steady state.

Continuing from the above government budget constraint (B.43) we get

GA+m) o T d T (i ?
T+(Z —7) o+ (i —W)E—I—(Z —W)E —E—F( +i7)0. - —(—

14 P) i
(B.49)
From the above equation, we can solve for steady state lump-sum taxes, 7.
We have 19 steady state equations, which can be written as a recursive
system. These are:
1. 1+ =1+n)/8

2 (1+ib) = [(5572) e (4) "+ 1—dk] (1 +7)
3. W/P=(1-a) (Y )(A )* where A = K/H solved from the preceding

equation
4. C=WwW/P
5. G =G
6. Using C+ G = [A (=) — §x| K, and steady state G, Solve K
7. Using K/H = A, solve H
8. Using d [1+7 — ﬂ (1+4P)] =nC(1+ ), and (5) above solve for d.
9. d*[1 +7T—6(1+i )] =(1—n)C(1+ ), solve for d*

10.3_1_1 (1+i%) Q

Y(1+ZP)Q
1L g = 5.
12. I = 6K

13. m =Long run inflation target (7) (Note that this is pinned down by the
money supply rule (24))

14. T solved from the steady state government budget constraint

15. (Stochastic Discount Factor) Q= 3/(1+7)



16. Y = AK*H'™ @
17. A=A

18. ¢ =4C

19. 1442 = ¢(1+i%)



C Technical Appendix for the Extended Model

The present value Lagrangian is given by:

L;P =L Z)‘;[LtJrS + M4 (1= 0k)PrysQegs Kismr + PLY N — M
s=0

—WELHEL —wE HE (1437 ) Liys—1 — QuisPrss Kot

(o) oo
+ Z Pogs [Mi oy = WECHEL] + Z Vips [Lis — PrysQtrsKiys]
s=0 t=0

where u;, 1/; are respective lagrange multipliers.
The first order conditions are given by:

M = A4 By + PJ;+1) =0 (C.50)

HIT .\, [PV MPHET - WET) - WET =0 C.51

Hf - PYMPH] —-W}F =0 C.52

C.54

(C.51)

(C.52)

K} : = NQiPit Eo) [P MPK, + (1 04) Piy1 Quia] —,QePr = 0 (C.53)
Ly A= Edy (L4 i) + v, =0 (C.54)

(C.53)

Since the borrowing constraint binds (v, > 0), substitute out v from (C.53
and (C.54) and verify that the basic return equation (16) holds meaning

L [(PP\ MPK, P,Q,
mt_[( Pt) O 54 [PHQH} (C.55)

Effectively a binding borrowing constraint means that wholesalers virtually rent

capital from banks as in Chari, Kehoe and McGrattan (1995).
Next rewrite (C.51) as:

Ao (WET/P,)

pe o (B /P)MPH[ — (W /P

Using (C.50),

A (Wi /F)

Mo = A [(BY/P)MPHET — (WS /P)]

Equation (C.56) which can be rewritten as:

1 7 (WHT/Py)

[(A;_l /)\;) - 1] (P /P)MPHET — (WET /)]

(C.56)
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C.1 Specification of the discount factor ),

The wholesaler’s discount factor /\; is given by the sequence of loan rates. In

other words,
N 1 1 1 1

Tl by arib)

which means: )

NN = ——
t/ t—1 (1 ZtL)
which after plugging into (C.56) yields,

(2)- (WP
it)  [(P/P)MPHJT — (WAT/P)]

(C.57)

The loan rate i* can be pinned down by (16). Plugging this and rearranging
(C.57) we get (31).

C.2 Steady state

Assume the same log utility for consumption.
It is straightforward to verify that the steady state real wage is:

WRT 3 e
P 1+n1 =&

-1
—MPH" (C.58)

In other words, now

Y _
WA /P = Hiﬂ (1-a) <€EY1> (K/(¢.1+ (1 —p)HT)"

M

D;’

1 e W,
@w@ — ) aq—ﬁ—(iR—w)%—f—(i“—w)E =T+ j: ﬂ_mT+(1+ip)Emax(%:——

(C.59)

where we have the new term H%mT which is the inflation tax revenue from

wholesaler’s holding of real balance (where m” = M7T/P).
The cash in advance constraint in (30) gives the steady state money demand
function:

RT PHRT:
(W /P) 1+7

=>m? = (WET/P)(1 + 7)HET

Given that HET =1,
m” = (W /P)(1+7)
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The national income identity changes to:

(1—¢)CF +¢CRT + G = [A (1-a) _ 5K] K (C.60)

=> (1= OWF [P+ oW P+ G = [A0-) — 5] K

From here we can solve K and then using A = K/H solve H. To sum up:
the steady state system thus changes to 22 equations (three extra variables m7”,
W;T7 and CET).

. 1+ily=>0+m/B

2. (14ik) = {(iyl) a (¢HRT+{§,¢)HF)Q71 +1— 54 (1+7)

3. WHT /P = £ (1 - a) (52;1) (A)® where A = K/(¢+(1—¢)HF) solved
from the preceding equatlogl

4. WE/P = (1-q) (66;1) (A)”

(Note there are two steady state real wages. Higher inflation depresses the
RT real wage and creates more wage inequality)

5. CF = WF /P from (7) given the assumption that utility function: In C—H

6. CET = (WET /P) because RT consumers F.O.C dictates H%T =1
7. mT= (WET/P)(1+7) (from CIA )
8

. G=G
9. Using ¢CFT + (1 — ¢)CF + G = {AA“O‘) — JK} K, and steady state

G, Solve K (Modified)
10. Using A:K/(¢+(1—¢) ) solve HY
11. Using d [1 + 7 — B (1 +4P)] =nC¥ (1 + 7), and (5) above solve for d.
12. d?[1+m— B (1+1i%)] = (1 —n)CF(1 + ), solve for d*

1—(1+i%) Q
13. 5 d — =1- (14:7)Q
Y

14. PP;V = .

15. I = 6K

16. 7 = long run inflation target (7) (Note that this is pinned down by the
money supply rule (24))

17. T solved from the steady state government budget constraint (C.59)
(Modified)

18. (Stochastic Discount Factor) Q= /(1 + )

19. Y = AKH'~@

200 A=A

21. 1% =3

22. 14iP =¢(1+:9)
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D Technical Appendix: IRF Plots of Model 2
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Figure 9: Impulse responses with respect to a positive money base shock
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Figure 10: Impulse responses with respect to a negative policy rate shock
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E Technical Appendix: Data Sources and Trans-

formations

We use quarterly data of the macroeconomic and financial variables over the
sample period of 1996: Q4 to 2016: Q4 both for the sign restricted Vector
Autoregression (SRVAR) analysis as well as the model validation exercise (pre-
sented in Section 2 and Section 5, respectively). We choose this sample period of
study as it offers a balanced sample for all the variables of our interest. The list
of variables included in our analysis is as follows: real GDP, real consumption,
real investment, index of total credit to non-financial sector, real commercial
bank deposits, real postal deposits, the 91 days treasury bill rate, CPI inflation,
the bank lending rate, and the growth rate of the monetary base. Except for
Consumer Price Index (CPI) and index of total credit to non-financial sector, all
data are taken from the database of the Reserve Bank of India (RBI). Consumer
Price Index for all items and Index of total credit to non-financial sector data
are taken from the database of Federal Reserve Bank of St. Louis.

The monetary variables like growth rate of reserve money, growth rate of
currency and reserve money and 91 days treasury bill rate are taken at their
levels. Choice of the monetary base is based on two definitions: one is reserve
money (comparable for Model 1) and the other is sum of currency and reserve
money (comparable for Model 2). Growth rates of the monetary base for both
definitions are computed by taking the first difference of log-transformed data
series. The prime lending rate of the State Bank of India (SBI) is used as a
proxy measure for the bank lending rate since the SBI group plays a dominant
role in the Indian banking system and their lending rate is followed by other
competing banks. Index of total credit to non-financial sector is taken with base
year 1951. GDP, private consumption, and private investment are measured in
constant prices with base year 2011-2012. Commercial bank deposits and postal
deposits are deflated by the Consumer Price Index to get the real bank deposit
and postal deposit. The Consumer Price Index chosen for all commodities with
base year 2010.

In order to avoid seasonality, inflation is computed year on year basis from
Consumer Price Index (CPI). We also de-seasonalize log-transformed series of
real GDP, real consumption, real investment, index of total credit to non-
financial sector, real commercial bank deposits and real postal deposits. Then,
we de-trend them using Baxter and King (1999) band pass filter to obtain
the business cycle component of each series with the periodicity of fluctuations
between 6 to 32 quarters. We validate the baseline Model 1 and 2 with the
statistical properties of the business cycle frequency.
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