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Abstract

In the immediate aftermath of the global financial crisis, the monetary pol-

icy in India became accommodative as in other major economies, but the policy

subsequently turned highly contractionary despite falling inflation, which we char-

acterize as policy errors. Government expenditure also had similar pattern. This

paper therefore estimates a medium scale New Keynesian model (with earnings

and assets based collateral constraint) to explore the impact of such policy errors

on Indian business cycles, capturing the prevailing narrative on both monetary and

fiscal policies along with the actual inflation scenario. Our smoothed estimates

of mark-up, productivity, interest rate and government expenditure shocks mimic

the actual transition of the economy, with both policy shocks moving together in
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a similar pattern in the post crisis period. We find that the interest rate policy

was highly contractionary during 2013-16 which led to significantly lower output.

We rationalize that if supply side shocks (adverse productivity or mark-up) domi-

nate, such policy errors tend to occur, suggesting that policy makers need to pay

attention to the sources of inflation in a developing economy while setting demand-

management policies. Given the current pandemic being more of a adverse supply

shock, similar policy errors are likely to occur if interest rate responds to this type

of inflationary shocks.

JEL classification: E31; E32; E52; E57

Keywords: DSGE; India; Output Gap; Inflation; Monetary Policy; Supply Shock;

Government Expenditure Shock; Crowding Out

1 Introduction

Understanding the macroeconomic dynamics of India as a key small emerging market
economy has become important, given the high-speed growth over the last two decades.
However, in the recent years during the current decade, the deceleration in growth has
raised questions about the sources of the business cycle fluctuations. In the third quarter
of 2019, the growth rate was registered at 4.5 percent per annum. Figures 1 and 2 show
the nine quarter moving average growth rates of a few important macro variables, includ-
ing the nine quarter moving average of 15-91 days treasury bills rate. We use moving
averages to depict the broad trend in macro variables for several reasons. First, quarter
on quarter growth rates of macro variables are volatile and thus it becomes difficult to see
the underlying pattern in the data. Second, moving averages are also a measure of trend
and is widely used in time series and macro literature. The peak of 9 quarter moving
average growth of GDP 1 in our sample occurs in 2010:Q1 and the vertical red line in
each graph represents that peak.

1In the case of India, continuous series of GDP at factor cost is not available, although we use it
in this paper. In the data section, we explain the methodology behind the construction of continuous
GDP.
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As we can see from Figure 1, the moving average of growth of GDP started declining
after 2010:Q1, then picked up slightly in 2014:Q1 and again started decreasing. Overall
the 9 quarter moving average of quarterly growth rate declined from a peak of 2.43%
in 2010:Q1 to 1.80% by end of 2014:Q4. Broadly similar pattern is observed for in-
vestment growth (growth of gross fixed capital formation), consumption growth (growth
of private final consumption expenditure) and growth of government final consumption
expenditure. Even the moving average of inflation was declining after 2010:Q1. Between
2010:Q1 to 2014:Q4, the 9 quarter moving average of quarterly inflation declined from
3.03% to 1.42%. But the interest rate was increasing and remained at elevated levels for
long. Between 2010:Q1 to 2014:Q4, the 9 quarter moving average of annual interest rate
increased from from 4.61% to 8.01%. In later years higher interest rate was partly done
in light of newly instituted inflation targeting framework. Moving average growth of real
credit (nominal credit deflated by consumer price index) and deposit started decreasing
slightly later but show similar patterns as moving average of GDP growth. In this paper,
our objective is to build a new Keynesian model to understand these patterns and iden-
tify the plausible reasons for growth and investment slowdown. Reduced form estimates
would be of little use because of serious endogeneity concerns among these variables.

This paper is related to two strands of literature on new Keynesian models. First, our
new Keynesian model includes investment and borrowing and is related to a large litera-
ture on firm financing and borrowing constraints. A significant portion of firm investment
is financed by borrowing funds. These borrowing constraints are mainly of two types. In
Townsend (1979), Stiglitz and Weiss (1981) and Holmstrom and Tirole (1997), firm’s
borrowing depends on cash flows from operations and investment, i.e., their earning. Also
the firm may be constrained to borrow based on the collateral they can offer (liquidation
value of assets). Assets based collateral constraint appear in (Hart and Moore (1994);
Shleifer and Vishny (1992); Kiyotaki and Moore (1997); Bernanke, Gertler, and Gilchrist
(1999); and Brunnermeier and Sannikov (2014)). Dreschel (2018) brings these two types
of borrowing constraints and concludes that these two types of borrowing constraint give
rise to different transmission mechanisms of macroeconomic shocks such as investment
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Figure 1: Nine Quarter Moving Average Growth Rates

Figure 2: Nine Quarter Moving Average Growth Rates
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specific technology shock. We show in the model section that the impact of investment
specific technology shock can be very different depending upon the type of borrowing
constraints faced by the firm. A positive shock to marginal efficiency of capital lowers
the relative price of capital, and therefore the value of the collateral goes down leading
to reduced borrowing in the case of assets based collateral constraint. At the same time,
this shock leads to higher earnings that may allow to borrow more in the case of earning-
based borrowing constraints. Lian and Ma (2018) suggest that 20 percent of corporate
debt is collateralized by assets while 80 percent is earning based lending in the case of
the US.

Second, our paper is related to the new Keynesian models estimated for emerging
economies including India. In the recent years, new Keynesian models have been used
to study frictions in the context of emerging economies. While Barrail (2020) show that
productivity shocks are a more relevant source of business cycle fluctuations in Mexico,
Ghate et al. (2018) explore the role of agricultural terms of trade in India, and Gabriel
et al. (2012) suggest financial frictions are important in the Indian economy. Goyal
and Kumar (2020) find that supply shocks dominate in determining inflation using these
models 2. Related empirical VAR literature by Mallick and Sousa (2013) and Holtemoller
and Mallick (2016) show that inflationary supply shocks lead to an aggressive behaviour
from central banks towards inflation stabilization following shocks to global commodity
prices, while making inflation mostly as an adverse supply shock in India unlike in advanced
economies where inflation is predominantly a demand side issue (see Kumar et al., 2021).

On the other hand, in terms of monetary transmission, Banerjee et al. (2019) argue
that interest rate transmission is weaker in India and the shock to base money has more
persistent effect on output than interest rate shock. Goyal and Kumar (2021) suggest
that interest rate shocks are important, and out of the total variance of output explained
by interest rate shock, almost one third is explained by anticipated interest rate shock.

2Goyal and Kumar (2018) use a non-separable money in utility to explore the role of money in Indian
business cycles and conclude that it plays a significant role, which is different from the role of money in
the US and Euro-zone as in Ireland (2001) and Andres et al. (2006) respectively.

5



We thus relate this paper to the recent literature on agnostic identification in structural
vector auto-regression (SVAR), by identifying interest rate shock as a shock that explains
maximum forecast error variance of interest rate over 40 quarters. Uhlig (2004), Barsky
and Sims (2011), Kurmann and Otrok (2013), Francis et al. (2014) and Cascaldi-Garcia
and Galvao (2018) use similar methodology to identify a structural shock of interest.
This method is agnostic as it does not require the commonly-used zero restrictions as in
Cholesky decomposition.

The model used in this paper is a medium scale new Keynesian model with borrowing
constraints (see Wieland et al., 2012) for a large number of new Keynesian models used
in the literature). The final good producer is a competitive aggregator as it is standard
in new Keynesian models. The intermediate good producers operate in a monopolistic
product market with nominal rigidity. The labour market is competitive3. Intermediate
goods firms are owned by households and they give dividend to a household. These firms
accumulate capital and borrow. They face both types of borrowing constraint (a linear
combination of earnings-based and assets-based collateral constraint). Interest paid by
firms on their borrowing is less than the interest required by households because interest
paid by firms is tax deductible. This effective lower interest rate faced by firms ensures
that they borrow from the household up to their borrowing constraint and that is why it
becomes binding at the steady state. This interest rate differential is the subsidy to the
firm and is paid by the government. Households pay lump-sum taxes to the government.
Central bank implements monetary policy using a modified Taylor rule.

We use this model to extract smoothed estimates of shocks. Specifically we are
interested in three shocks: a mark-up shock, interest rate shock and government expen-
diture shock. Interest rate and government expenditure shocks are the two main policy
instruments for macro stabilization. These estimated shocks depict the transition of the
economy in the last decade.

3In the case of India, hardly any reliable long term employment data is available and therefore, we
refrain from modelling the labour market.
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With the onset of the financial crisis, India implemented massive cut in interest rate
and implemented huge fiscal stimulus. Our interest rate and government expenditure
shocks capture these movement in macro policies. Already rising inflation started in-
creasing at faster rate and remained high for sometime. Between 2007:Q1 to 2010:Q1,
the 9 quarter moving average of quarterly inflation increased from 1.54% to 3.03%. In-
flation started slowing down after 2010Q1 and as global oil prices started decreasing in
2014, inflation started decreasing sharply too. During 2014-16, crude oil price decreased
by more than 50%. Estimated mark-up shock captures these movements in inflation.
During this period, India also moved towards inflation targeting framework. Interest rate
was kept high despite decreasing inflation during 2013-2016 which led to significant out-
put cost. The model based interest rate shock closely resembles the interest rate shock
identified from SVAR which gives us further confidence about the robustness of our result.
Government expenditure led to crowding out of private investment but supported output
through fiscal multiplier channel. Interest rate does not have strong effect on investment
as on output. This is partly due to the fact that high interest rate episodes in our sample
are also associated with fiscal consolidation and vice versa. This co-movement of these
two main stabilization policies is one of the main findings of this paper. Interest rate was
highly contractionary, leading to significantly lower output gap during 2013-16. Higher
interest rate reduces demand and thus decreases profitability of firms which leads to de-
fault on their borrowings. Results obtained in this paper suggest that higher interest rate
disrupts financial intermediation by creating bad (non-performing) assets for the banking
sector.

The plan of this paper is as follows. Section 2 gives evidence from SVAR in favour of
the new Keynesian model. The interest rate shocks identified using SVAR show large pol-
icy errors and excessive tightening in the aftermath of financial crisis. Section 3 describes
the model. Section 4 briefly explains the data. Section 5 presents the results and analysis.
This section contains the discussion on parameter estimates, estimated smoothed shocks,
impulse responses, forecast error variance decomposition and counterfactual simulation.
This is followed by concluding remarks in Section 6.
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2 Evidence From VAR

2.1 Identification using Cholesky Decomposition and Max Share

A reduced form VAR with l lags is given by:

Yt = B1Yt−1 +B2Yt−2 + ....+BlYt−l + ut

Where Yt is a vector of n variables. One can obtain the moving average representation
of the same as given below:

Yt = C(L)ut

Where C(L) =
∑∞

l=0ClL
l. The reduced from shocks (ut) and their variance covariance

matrix (Σ) is known; Σ = E (utu
′
t). One can assume structural errors with unit variances

and therefore the objective is to find A matrix satisfying:

Σ = AE (vtv
′
t)A

′ = AA′ Where E (vtv
′
t) = I

Since there are only n2 − n2−n
2

= n(n−1)
2

free elements in Σ, we can only identify n(n−1)
2

elements of A. Literature suggest zero restrictions to achieve that. One particular form
of zero restrictions is well known which is Cholesky decomposition. Let Ã be the Cholesky
decomposition

Σ = ÃÃ′ ut = Ãṽt

Using this we can obtain structural moving average which gives us impulse responses and
forecast error variance decomposition.

Yt = C(L)Ãṽt

We are not interested in all shocks, but one. Therefore, we want to identify only first col-
umn of A, see Uhlig (2004) for definition and details. Start with Cholesky decomposition
of Σ (we can use any other decomposition as well). Cholesky decomposition identifies
n shocks as given above. The main insight from Uhlig (2004) is that there must be an
orthogonal matrix Q, i.e., an n× n matrix Q satisfying QQ′ = I so that A = ÃQ. This
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is because ÃÃ′ = AA′ = ÃQQ′Ã′ = Σ. We can obtain the impulse response given by
Cholesky decomposition as given below:

R̃(L) = C(L)Ã

The impulse response from any arbitrary decomposition is given by

R(L) = C(L)A

Since A = ÃQ

R(L) = C(L)ÃQ =⇒ R(L) = R̃(L)Q

The point is that the impulse response to any arbitrary decomposition can be obtained
by multiplying the impulse response from Cholesky decomposition with an orthonormal
matrix of n × n. The response at time l is related as Rl = R̃lQ. Thereafter, we can
calculate forecast error variance. We identify the first column of Q i.e., interest rate
shock as the shock which explains maximum forecast error variance of interest rate over
forty quarters. We order interest rate as the first variable in our VAR.

2.2 Cholesky decomposition

We start with a simple three variable VAR. We use linearly detrended output gap, in-
flation and interest rate. We use lag length 1, as all information criteria suggest lag
length 1. We use two different identification (Cholesky) schemes to identify interest rate
shock. In the first identification scheme called ’Model 1’ interest rate is most exogenous
variable and does not respond to output and inflation contemporaneously. Interest rate
is followed by output and inflation. In the second identification scheme called ’Model 2’
interest rate responds to output and inflation contemporaneously and it appears at the
end. Output appears first and is followed by inflation.

Figure 3(d) gives the interest rate shocks identified using these two schemes. Both
these schemes identifies similar shocks and therefore we can say that the shock is not
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driven by a particular ordering. The interest rate shocks clearly show excessive stimulus
during the crisis and excessive tightening after that.

(a) Response of Interest Rate (b) Response of Output

(c) Response of Inflation (d) Interest Rate Shocks

Figure 3: Response of inflation, output, and interest rate due to interest rate shock
from Models 1 and 2. Variable ordering in Model 1: interest rate, output and inflation.
Variable ordering in Model 2: output, inflation, and interest rate.
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(a) Forecast Error Variance of Interest Rate (b) Forecast Error Variance of Output

(c) Forecast Error Variance of Inflation

Figure 4: Variance decomposition of inflation, output, and interest rate due to interest
rate shock from Model 1 and Model 2. Variable ordering in Model 1: interest rate, output
and inflation. Variable ordering in Model 2: output, inflation, and interest rate.

This gives credence to our hypothesis in this paper that interest rate shock suggests
large policy errors which led to growth slowdown. The responses of model variables,
interest rate, output gap, and inflation due to interest rate shock are given in figure 3.
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These are same as expected in a new Keynesian model. Both output gap and inflation fall
due to interest rate shock. Figure 4 gives the forecast error variance of model variables:
interest rate, output gap, and inflation due to interest rate shock. Interest rate shock
explains about 50% of the forecast error variance of interest rate by the end of five years.
Also, interest rate shock explains around 30% of the forecast error variance of output
and 10% of the forecast error variance of inflation by the end of five years.

2.3 Max Share Identification

Again, We start with a simple three variable VAR, using linearly detrended output gap,
inflation and interest rate. We use lag length 2 as we identify only one shock in this
case i.e., interest rate shock. This is called ’Model 1’. We extend the model by including
linearly detrended investment, credit and government expenditure. This is called ’Model
2’. We use these same six variables to estimate the new Keynesian model in the next
section. In both cases, we identify the interest rate shock as the shock which explains
maximum forecast error variance of interest rate over 40 quarters.

Figure 5(d) gives the interest rate shocks identified from these two models. Both
these schemes identify similar shocks but the extended model identifies slightly more
contractionary interest rate policy post-financial crisis where the interest rate shock at-
tains maximum value in our sample too. The interest rate shocks clearly show excessive
stimulus during the crisis and excessive tightening after that.

The responses of model variables: interest rate, output gap, and inflation, due to
interest rate shock are given in figure 5. Both output gap and inflation fall due to inter-
est rate shock. But the extended model leads to much less peak response of output in
comparison to the model 1. Figure 6 gives the forecast error variance of model variables:
interest rate, output gap, and inflation, due to the interest rate shock. Interest rate
shock explains about 60-80% of the forecast error variance of interest rate by the end of
ten years. Also, interest rate shock explains around 10-40% of the forecast error variance
of output and around 10% of the forecast error variance of inflation by the end of ten years.
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(a) Response of Interest Rate (b) Response of Output

(c) Response of Inflation (d) Interest Rate Shocks

Figure 5: Response of inflation, output, and interest rate due to interest rate shock
from model 1 and model 2. Model 1 is with linearly detrended output gap, inflation
and interest rate. Model 2 is further includes linearly deterended investment, credit and
government expenditure. In both cases, we identify the interest rate shock as the shock
which explains maximum forecast error variance of interest rate over 40 quarters.
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(a) Forecast Error Variance of Interest Rate (b) Forecast Error Variance of Output

(c) Forecast Error Variance of Inflation

Figure 6: Variance decomposition of inflation, output, and interest rate due to interest
rate shock from Model 1 and Model 2. Model 1 is with linearly detrended output gap,
inflation and interest rate. Model 2 further includes linearly deterended investment, credit
and government expenditure. In both cases, we identify the interest rate shock as the
shock which explains maximum forecast error variance of interest rate over 40 quarters.

In the next section, we estimate a new Keynesian model and compare the interest
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rate shock from the model with VAR based shocks obtained in this section. Thereafter,
we do counterfactual analysis to understand the extent of policy error.

3 Model

3.1 Household

The household enters period t holding Bt−1 units of one-period nominal loans made to
the firm. In addition to this endowment, the household pays a lump sum tax Tt. It
is given by tt = Tt

pt
in real terms where pt is aggregate price index. During period t

households supply ni,t units of labour to each intermediate goods producing firm indexed
over i ∈ [0, 1] for a total of nt and receive real wage wt = Wt

pt
where Wt is nominal wage.

They own intermediate goods producers and receive real profits, dt = Dt

pt
from firms

where Dt is nominal profit. Their loan or bonds issued to firms in real terms is given by
bt = Bt

pt
. Using this one can write the real value of last period loan in the current period

t as Bt−1/pt−1

pt/pt−1
= bt−1

πt
4; where πt = pt

pt−1
is the gross inflation. Consumption is measured

in real terms and all other prices are given in terms of consumption unit. The household
carries bt amount of loan to the next period. rt is one period nominal rate of interest.
The budget constraint of the household for each period t in real terms is given by:

bt−1
πt

+ wtnt + dt = ct +
bt
rt

+ tt

The Lagrange is given by:

` = E0

t=∞∑
t=0

βt

[
at

(
log(ct − γct−1)−

n
(1+1/η)
t

1 + 1/η

)]

+ βtλt

(
bt−1
πt

+ wtnt + dt − ct −
bt
rt
− tt

)
4We use nominal debt contract instead of real debt contract and this allows for debt deflation.
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Where β is the discount factor. Inter-temporal preference shock or shock to β, at follows
a stationary autoregressive process given by:

log(at) = ρalog(at−1) + εa,t 0 ≤ ρa < 1 εa,t ∼ N(0, σ2
a) (E.1)

Households choose ct, nt, bt. First order conditions are given below:
First order condition with respect to ct:

λt =
at

ct − γct−1
− βγEt

(
at+1

ct+1 − γct

)
(1)

First order condition with respect to nt:

n
1/η
t = λtwt (2)

First order condition with respect to bt:

λt
rt

= β
λt+1

πt+1

(3)

First order condition with respect to λt:

bt−1
πt

+ wtnt + dt = ct +
bt
rt

+ tt (4)

3.2 Final Good Producer

The final good is produced by a firm in a perfectly competitive market, which combines
the intermediate goods using the constant returns to scale technology given by:

yt ≤
[∫ 1

0

yi,t
(θt−1)/θtdi

]θt/(θt−1)
Where θt is the elasticity of substitution between intermediate goods yi,t with given price
pi,t. Profit maximization leads to the following demand for intermediate goods:

yit =

[
pi,t
pt

]−θt
yt
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Where

pt =

[∫ 1

0

pi,t
1−θtdi

]1/(1−θt)
And θt which gives markup follows an autoregressive process as given by:

log (θt) = (1− ρθ)log(θ) + ρθlog(θt−1) + εθ,t 0 ≤ ρθ < 1 εθ,t ∼ N(0, σ2
θ) (E.2)

εθ,t gives markup shock in the model.

3.3 Intermediate Goods Producers

Each intermediate good is produced by a monopolistically competitive firm according to
a constant returns to scale technology by using labour from households and capital. The
production technology is given by:

yi,t = ztk
α
i,t−1n

1−α
it

Where α and 1−α is capital and labour share of output respectively. The above equation
can be written using demand from the final goods producer as:(

pi,t
pt

)−θt
yt = ztk

α
i,t−1n

1−α
i,t

zt is a stationary technology shock given by:

log (zt) = ρzlog (zt−1) + εz,t 0 ≤ ρz < 1 εµ,t ∼ N(0, σ2
z) (E.3)

Their earning before interest, tax and depreciation is given by

ei,t = yi,t − wi,tni,t = ztk
α
i,t−1n

1−α
it − wi,tni,t

This earning can be used as a collateral to secure loan. They produce capital using final
good obtained from the final good producer. The capital producing technology is given
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by:

ki,t = (1− δ) ki,t−1 + µt

(
1− S

(
ii,t
ii,t−1

))
ii,t

Where S
(

it
it−1

)
is investment adjustment cost as in Christiano, Eichenbaum and Evans

(2005). We assume adjustment cost as given below.

S

(
ii,t
ii,t−1

)
=
S

2

(
ii,t
ii,t−1

− 1

)2

µt is investment specific technology shock as in Justiniano, Primiceri and Tambalotti
(2009) and Dogan (2019).

log (µt) = ρµlog (µt−1) + εµ,t 0 ≤ ρµ < 1 εµ,t ∼ N(0, σ2
µ) (E.4)

Furthermore, the adjustment of its nominal price pit is assumed to be costly, where the
cost function is convex in the size of the price adjustment. Following Rotemberg (1982,
1987), these quadratic adjustments costs are defined as 5:

ϕp
2

[
pi,t

πτt−1π
1−τpi,t−1

− 1

]2
yt

Where ϕp > 0 is the price adjustment cost and π represents the steady rate of inflation
being targeted by the central bank with 0 ≤ τ ≤ 1. Extent of backward and forward
looking inflation depends upon τ . When τ = 0, then price setting is purely-forward
looking and for τ = 1 price setting is purely backward-looking. This specification leads
to partial indexation when 0 < τ < 1 implying that some prices are set in a backward
looking manner. Firms are owned by household and they maximize the value of the firm
as perceived by the household. Their flow budget constraint in real terms is given by:

di,t + ii,t +
bi,t−1
πt

+

[
pi,t

πτt−1π
1−τpi,t−1

− 1

]2
yt =

pi,t
pt
yi,t − wi,tni,t +

bi,t
Rt

5See Orland and Roos (2019) for experimental evidence about these quadratic adjustment cost.
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One can substitute the value of ii,t from capital accumulation equation in above (ignoring
the adjustment cost) to obtain; dit +

ki,t
µt

+
bi,t−1

πt
=

pi,t
pt
yi,t−wi,tni,t +

bi,t
Rt

+ (1− δ)ki,t−1

µt
.

1/µt is the relative price of capital and thus a positive shock to µt will lead to decline in
the price of the capital. Therefore, in case of assets based collateral constraint, a shock
to marginal efficiency of capital will lead to lower borrowing as the value of collateral
goes down.

The effective interest rate faced by intermediate goods producing firm is given by:

Rt = 1 + (rt − 1)(1− tax rate) (5)

It is because rt represent gross interest rate received/demanded by the household. Rt

is less than the interest rate received by the household. The interest payment is tax
deductible for firms whereas it is not for the household. Since the household does not
receive this tax rebate, there is a heterogeneity in the desire to borrow and save across
sectors of the economy. The household wants to lend funds, and debt is in positive net
supply in equilibrium (Drechsel, 2018). Effectively the tax advantage makes the firms
less impatient and firms borrow up to their constraint. This type of tax exists in many
countries and the related modeling assumption follows Hennessy and Whited (2005).
One can model this in another way without tax also. This will require another set of
households as bank and firms with lower discount factor as in Iacoviello (2015). Using
the demand from final goods producer the flow budget constraint for the firm is given
by:

di,t + ii,t +
bi,t−1
πt

+

[
pi,t

πτt−1π
1−τpi,t−1

− 1

]2
yt =

[
pi,t
pt

]1−θt
yt − wi,tni,t +

bi,t
Rt

One can solve for dit whose discounted present value needs to be maximized:

di,t =

[
pi,t
pt

]1−θt
yi,t − wi,tni,t +

bi,t
Rt

− ii,t −
bi,t−1
πt
−
[

pi,t
πτt−1π

1−τpi,t−1
− 1

]2
yt
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Apart from this, firm faces a borrowing constraint. There are two types of collateral
possible, earning as well as assets based collateral. We use a linear combination of
earning and assets as collateral:

bi,t
rt

< ω θe
(
ztk

α
i,t−1ni,t(i)

1−α − wi,tni,t
)︸ ︷︷ ︸

Earning

+(1− ω) θkpk,t+1πt+1(1− δ)ki,t︸ ︷︷ ︸
Assets

ω is the weight attached to earning based borrowing. θe and θk are similar to loan to
value ratio. Loan to value ratio is defined as the amount of loan one can have for one unit
value of assets/earning. In our model, these loan to value ratios are fixed but one can
allow them to vary exogenously and that will give rise to a shock to loan to value ratio.
This shock can be utilized to explore the role of macro prudential policy as well as the
interaction between macro prudential policy and interest rate policy6. Firms maximize
present value of dividend payments as valued by the saver household. Firms choose nit,
bit, kit, iit and pit. Their problem is given by:

∑
βtλt

([
pi,t
pt

]1−θt
yt − wi,tni,t +

bi,t
Rt

− ii,t −
bi,t−1
πt

)

−βtλt
ϕp
2

[
pi,t

πτt−1π
1−τpi,t−1

− 1

]2
yt + βtλtΩt

(
(1− δ) ki,t−1 + µt

(
1− S

(
ii,t
ii,t−1

))
ii,t − kit

)
+βtλtΛt

(
ωθe

(
ztk

α
i,t−1n

1−α
i,t − wi,tni,t

)
+ (1− ω)θkpk,t+1πt+1(1− δ)ki,t −

bi,t
rt

)
+βtλtΠt

(
ztk

α
i,t−1n

1−α
i,t −

(
pi,t
pt

)−θt
yt

)

Since these firm are identical and make same choices, we write the first order condition
without the i subscript (symmetric equilibrium). Firm’s optimality conditions with respect
to kt:

6We do some robustness exercise with loan to value ratio shock in the next section.
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λtΩt = βλt+1Ωt+1(1− δ) + λtΛt(1− ω)θkpk,t+1πt+1(1− δ)

+βλt+1Λt+1wθeαzt+1k
α−1
t n1−α

t+1 + βλt+1Πt+1αzt+1k
α−1
t n1−α

t+1 (6)

Firm’s optimality conditions with respect to it:

λt = λtΩtut

(
1− S

(
it
it−1

))
−λtΩtµt

itS

it−1

(
it
it−1
− 1

)
+βλt+1Ωtµt+1

i2t+1S

i2t

(
it+1

it
− 1

)
(7)

Firm’s optimality conditions with respect to nt:

wtnt = (1− α)Πtyt + (1− α)Λtωθeyt − Λtωθewtnt (8)

Firm’s optimality conditions with respect to bt:

λt
1

Rt

=
βλt+1

πt+1

+
λtΛt

rt
(9)

By definition the price of capital pk,t is given by the (this is the marginal value (measured
in goods)) value of an additional unit of installed capital.

pk,t =
λtΩt

λt
(10)

First order condition with respect to pit:

0 = (1−θt)λt
[
pt
pt

]−θt yt
pt

+θtλtΠt

(
pt
pt

)−θt−1 yt
pt
−ϕpλt

[
pt

παt−1π
1−τpt−1

− 1

] [
1

πτt−1π
1−τpt−1

]
yt

+βϕpEtλt+1

[
pt+1

πτt π
1−τpt

− 1

] [
pt+1

πτt π
1−τp2t

]
yt+1

Multiplying with pt and dividing by yt:
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0 = (1−θt)λt
[
pt
pt

]−θt
+θtλtΠt

(
pt
pt

)−θt−1
−ϕpλt

[
pt

παt−1π
1−τpt−1

− 1

] [
pt

πτt−1π
1−τpt−1

]

+βϕpEtλt+1

[
pt+1

πτt π
1−τpt

− 1

] [
pt+1

πτt π
1−τpt

] [
yt+1

yt

]
(11)

First order condition with respect to Ωt:

(1− δ) kt−1 + µt

(
1− S

(
it
it−1

))
it = kt (12)

First order condition with respect to Πt:

ztk
α
t−1n

1−α
t = yit (13)

First order condition with respect to Λt:

ωθe
(
ztk

α
t−1n

1−α
t − wtnt

)
+ (1− ω)θkpk,t+1πt+1(1− δ)kt =

bt
rt

(14)

3.4 Government

The government balances budget. The tax requirement is subsidy given to the firm
because of differences in interest rate and public spending Gt. The tax (T ) in nominal
term is given by:

Tt =
Bt

Rt

− Bt

rt
+ PtGt

Which we can write in real terms as:

tt =
bt
Rt

− bt
rt

+Gt (15)

Real public spending (Gt) evolves as a time varying fraction of real output.
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Gt =

(
1− 1

gt

)
yt (16)

One can shock the nominal government spending too but we will shock real government
spending. The government spending shock (gt) follows the stationary stochastic process
given by:

log(gt) = (1− ρg)log(g) + ρglog(gt−1) + εg,t 0 ≤ ρg < 1 εg,t ∼ N(0, σ2
g) (E.5)

(1 − 1
g
) gives steady state value to government consumption to output ratio which we

calibrate from the data.

3.5 Monetary Authority

Monetary policy is represented by a generalized Taylor (1993) rule of the form:

log (rt) = ρrlog (rt−1) + (1− ρr)
[
ρπlog

(πt
π

)
+ ρylog

(
yt
y

)]
+ εr,t εr,t ∼ N(0, σ2

r)

(17)
Central bank responds to deviation of inflation (πt) from inflation being targeted by the
central bank (π) and output gap ŷt. In the model, the central bank targets steady state
inflation. Yoshida (2007) presents theoretical details of this type of interest rate rule.

3.6 Aggregate Resource Constraints

Aggregate resource constraint is given by (ignoring adjustment cost as they are zero in
steady state):

ct + it +Gt = yt (18)

Dividend condition is given by:
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dt = yt − wtnt +
bt
Rt

− it −
bt−1
πt

(19)

There are eighteen (ct, nt, bt, dt, kt, it, Gt, tt, yt Rt, rt, πt, λt,Ωt,Λt, Πt, pk,t, wt,) endoge-
nous variables in the system and 19 equations. One equation out of (4), (18) and (19)
is redundant due to Walras law. Remaining 18 equations can be used to solve for 18
endogenous variables in the system. at, θt, zt, µt, gt gets determined from (E.1-E.5). We
compute the steady state of the model and log linearize it around the steady state.

Then we use Klein (2000) algorithm to solve the model and obtain a state space
representation. Kalman filter is used to write the likelihood, and the Bayesian method is
used to estimate the model.

3.7 Discussion on Earning and Assets Based Constraint

One can substitute the value of ii,t from capital accumulation equation in flow budget
constraint for the firm ignoring the adjustment cost to obtain dit+

ki,t
µt

+
bi,t−1

πt
=

pi,t
pt
yi,t−

wi,tni,t+
bi,t
Rt

+ (1− δ)ki,t−1

µt
. 1/µt is the relative price of capital and thus a positive shock

to µt will lead to decline in the price of capital.
A positive investment specific technology shock decreases the value of collateral and

decreases borrowing in the case of assets based collateral. But a positive investment
specific technology shock increases earnings and therefore increases borrowing in case of
earning-based borrowing constraint. This is shown in figure 7. As we can see investment
specific technology shocks are likely to reduce borrowing in the case of assets-based
constraint both in the long run as well as short run. Whereas in the case of earning
based constraint, borrowing is likely to increase in the short run. As explained in the
introduction, the credit growth has slowed down substantially in the recent years and
part of the decline could be due to these technology shocks and loan agreement in
place. Therefore, we allow both types of loan agreement to be there and estimate their
proportion from data.
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Figure 7: Response of Borrowing to a Permanent Investment Specific Technology Shock

4 Data

We estimate the model using linear de-trended natural logarithm of real GDP7, real
government final consumption expenditure, gross fixed capital formation, private final
consumption expenditure8, aggregate deposit, aggregate non food credit, quarter-to-
quarter changes in the natural logarithm of consumer price index and short-term nominal
interest rate i.e, 15-91 days treasury bills rate. All variables are seasonally adjusted except

7Ideally it should be in per capita terms, but since there is no quarterly data on working population,
we used the growth rate only.

8Given three different base years (1999-00, 2004-05 and 2011-12) for the national accounts data, we
create a comparable continuous series by employing a commonly used linking procedure which generally
involves the backward retropolation of the most recent available series using the growth rates of older
series called retropolation between the benchmark years of successive series (Fuente, 2009). Given two
series on an economic variable, we calculate the log difference between the old and new series (when
the new series starts and we have data for both series) and add this difference to old series to create
a uniform series thus preserving the growth rate of the old series. The implicit assumption is that the
“error” contained in the older series remains constant over time, that is, it already existed at time 0 and
that its magnitude, measured in proportional terms, has not changed between 0 and the time when the
new series start.
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Figure 8: Linearly Detrended Data Used in Estimation

15-91 days treasury bills rate.
National accounts variables are available from 1996:Q2 onwards but credit and deposit

are available from 1997:Q2 onwards only. Therefore, we use data from 1997:Q2 to
2019:Q1. Figures 8 and 9 give data used in the estimation.9

4.1 The relationship between income and borrowing

Given that we are using both income and asset based collaterals in determining the
amount of borrowing, it is important to show in this section the correlation between
income and borrowing using micro-data. We provide this evidence using BSE (Bombay
Stock Exchange) 500 companies of India, in support of the relationship between income
and borrowing during a year.

9Garcia-Cicco et al. (2009) criticize using short quarterly data particularly due to the inability to
characterize non-stationary shocks using a short span of data. But we are limited by the availability of
the quarterly data set.
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Figure 9: Linearly Detrended Data Used in Estimation

(a) Income and Fresh Borrowing (b) Income and Fresh Borrowing

Figure 10: (a) all companies. (b) companies with Negative income and Negative Bor-
rowings Dropped

27



BSE 500 is an index of largest 500 companies listed on the BSE. The data has been
obtained from CMIE Prowess database, over the time period 2016-2019. Net borrowing
is calculated by adding cash inflow due to total borrowings (including Finance lease obli-
gations) and cash outflow due to total borrowings (including Finance lease obligations).
Income is calculated by subtracting total expenses from continued operations from sales
before tax.

In figure 10(a), we show the relationship for all firms for which data is available. The
correlation between income and fresh borrowing is 0.31 and is significant at 5 percent.
In figure 10(b), we show this relationship for a smaller set of companies. Since firms
experienced corporate deleveraging and debt stress during this period, we drop all firms
with negative income and negative net borrowing, which makes the correlation stronger
(0.61) and significant at 5 percent level.

It is important to clarify that the above figures show mere correlation without any
causal interpretation. It is difficult to establish causality between new borrowing and
income, mainly due to three reasons. First, income is likely to be an endogenous variable.
Second, the regression is also likely to suffer from omitted variable bias. Third, it is very
difficult to find a relevant instrument for income for a panel of firms. Therefore we do
not attempt to give a causal impact of income on borrowing.

Furthermore, borrowing and income are intuitively related for several reasons. It is
possible that high income gives signal about better future prospects and firms borrow for
expansion. Income is likely to affect borrowing as documented by Lian and Ma (2018),
i.e., firms can pledge their income for borrowings. In a country like India, where the
bankruptcy process is weak and time consuming10, lenders would prefer to lend keeping
in mind earnings of the firm. Also, valuing assets provided for collateral purposes can
be difficult due to unclear property rights and information asymmetry, which can lead to
more earning based lending. At the same time, due to large presence of informal sector

10India did not have a modern bankruptcy law for most of the time period in our sample. The new
bankruptcy law came into effect from 2016 onwards: https://www.ibbi.gov.in
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activity, independent and easy verification of earning could be difficult, which will give
impetus to assets based collateral in lending. Based on these arguments, we allow firms
to pledge a linear combination of earnings and assets for borrowings.

5 Results and Analysis

5.1 Parameter Estimates

In the model we have six shocks, therefore, we can use maximum six variables to estimate
the model to avoid stochastic singularity. Classical identification results are typically de-
rived under the assumption that the number of endogenous variables equals the number
of shocks, and that the innovations are ‘fundamental’ (Komunjer and Ng (2009)). We
use, GDP, gross fixed capital formation, government final consumption expenditure, con-
sumer inflation, interest rate and aggregate nonfood credit. Since, our model implies
that deposit and credit are equivalent, we estimate another model in which we replace
aggregate nonfood credit with aggregate deposit and since the results are similar, here
we report results with nonfood credit only .
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Table 1: Estimated Parameters: Model Estimated with Output, Inflation, Interest Rate,
Government Consumption, Investment and Credit

Parameter Prior Mean Post Mean 90% HPD Interval Prior Post st.dev.
ω 0.400 0.874 0.651 0.994 beta 0.200
η 0.400 0.105 0.100 0.113 beta 0.200
τ 0.400 0.276 0.002 0.691 beta 0.200
γ 0.400 0.824 0.791 0.858 beta 0.200
ρa 0.600 0.136 0.042 0.221 beta 0.200
ρθ 0.600 0.854 0.794 0.926 beta 0.200
ρµ 0.600 0.806 0.749 0.865 beta 0.200
ρz 0.600 0.873 0.749 0.950 beta 0.200
ρg 0.600 0.911 0.874 0.950 beta 0.200
ρπ 0.400 0.405 0.147 0.694 beta 0.200
ρy 0.400 0.617 0.390 0.826 beta 0.200
ρr 0.500 0.507 0.359 0.640 beta 0.200
σa 0.015 0.036 0.029 0.043 invg 0.010
σθ 0.025 0.011 0.008 0.014 invg 0.010
σµ 0.015 0.025 0.020 0.030 invg 0.030
σz 0.015 0.007 0.004 0.011 invg 0.030
σr 0.015 0.012 0.010 0.015 invg 0.030
σg 0.015 0.004 0.003 0.004 invg 0.030

Notes:ω is the share of earning based borrowing and η is elasticity of labour supply for house-
holds. γ is habit persistence in consumption for both households. τ is the backward looking
component of inflation in Phillips curve. ρa, ρθ, ρµ, ρz and ρg are autoregressive coefficients of
preference, mark-up, investment specific technology, neutral technology and government expen-
diture shocks respectively. 1 + ρπ, ρy and ρr are coefficients associated with inflation, output
gap and one period lagged interest rate in Taylor rule respectively. σa, σθ, σµ, σz, σr and σg are
standard deviation of error associated with preference, mark-up, investment specific technology,
neutral technology, interest rate and government expenditure shocks respectively.

We do not use private final consumption expenditure to estimate the model, as this
has some excess volatility in the beginning of the sample which is not there in other aggre-
gates (this could be due to the measurement error in the data). We calibrate depreciation
rate (δ = 0.025, which implies a annual depreciation rate of 10%, tax rate=0.2,11 loan

11Corporate tax rate lies between 15-30% in India depending upon several characteristics. We choose
a value of 20%.

30



to earning ratio (θe = 2), loan to assets ratio (θk = 0.8) and share of capital in national
output (α = 0.35). Our calibration implies steady state of government consumption to
output ratio at 16.67 percent which is similar to the value in actual data. Remaining Pa-
rameters are estimated using Bayesian method (see Lubik and Schorfheide (2005, 2007)
for details about Bayesian estimation) and are given in Table 1. These estimates sug-
gest that the share of earning based constraint in borrowing is approximately 0.9, which
means that roughly 90 percent of the borrowing is earning based and 10 percent is as-
sets based. Estimates suggest that households have lower frisch elasticity of labour supply.

Habit persistence in consumption is estimated to be 0.8212. The coefficient of past
interest rate in Taylor rule is 0.507. Bhoi et al. (2019) obtain this coefficient to be 0.83
for a slightly smaller sample using reduced form estimation. Coefficient associated with
autoregressive term in mark-up shock is estimated to be 0.854. The backward looking
component in Philips curve is estimated to be 0.276. Goyal and Kumar (2020) obtain
this coefficient to be 0.09. The weight attached to inflation is significantly higher than
the weight attached to output gap13.

5.2 Smoothed Estimates of Shocks

The new Keynesian model has six shocks: preference, mark-up, investment specific tech-
nology, neutral technology, government expenditure and interest rate shocks. Two shocks
are important from stabilization of business cycle fluctuation in Keynesian sense: gov-
ernment expenditure and interest rate shocks. Since, starting from 2014 onwards, India

12Goyal and Kumar (2020) using a small new Keynesian model estimate habit persistence to be 0.65.
One can write ct− γct−1 as ct− γct + γct− γct−1. From that, we can write ct (1− γ)+ γ (ct − ct−1) .
Higher value of γ implies that consumers attach more weight to growth of consumption in utility.

13There is one fundamental difference between estimation done in Goyal and Kumar (2020) and our
current study. Goyal and Kumar (2020) use growth rate of GDP to estimate the model. In their model,
there is an unit root technology shock that is used to make model variables stationary. Also a steady
state growth exists in their model. We estimate the model using linearly de-trended variables. Since,
we are using several variables, it becomes difficult to assume that all these variables have a common
trend. Therefore, in our case, technology shock is a stationary autoregressive process and we estimate
the model using linearly de-trended variables. The linear de-trending gives us business cycle components
of these variables. One can use other ways of finding business cycle components and the results may
slightly differ.
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started to move towards an inflation targeting regime, inflation became an important
aspect of stabilization policy. Therefore, we provide the nine quarter moving average
smoothed estimates of three model shocks: markup, interest rate and government ex-
penditure. Figure 11 gives the smoothed estimates of markup shock. The model is able
to identify the inflationary pattern observed in the Indian economy. Starting with financial
crisis, oil prices increased, and inflation started increasing further in India. From 2012
onwards, oil prices started declining and markup shock became negative. This was also
a period of decelerating inflation.

Figure 11(a) gives the smoothed estimates of the interest rate shock. The model is
able to identify the interest rate shock in the Indian economy. High positive interest rate
shock is estimated during east Asian crisis. India effectively started using interest rate
as a policy instrument since 2000 onwards and then the deviation from the Taylor rule
substantially declined.
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(a) Interest Rate Shock (b) Gov. Exp. Shock

(c) Markup Shock (d) Markup Shock

Figure 11: 9 Quarter moving average of smoothed estimates of shock from the model.
(a), (b), and (c) are from linearly detrended data. (d) is from HP filtered data.

During the financial crisis, the interest rate was lowered sharply. Starting from
2011:Q2 till 2017:Q4, interest rate shock remained positive. During taper tantrum,
it was substantially higher. During all these years, mark-up shock was negative and infla-
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tion was on downward trajectory. Despite this, interest rate was kept high which led to
substantial output cost. Very lately interest rate became accommodative in our sample.
Bhoi et al. (2019) find similar pattern of interest rate shock using a reduced form Taylor
rule. Our identified interest rate shock from the model is highly correlated with shock
identified using VAR in the previous section. This gives us confidence that the model and
the estimation is able to pick salient features of the economy and the results obtained
from this model are not completely hypothetical.

Figure 11(b) gives the smoothed estimates of government expenditure shock. The
model is able to identify the government expenditure shock. From 2000 onwards till the
financial crisis, the economy was obsessed with FRBM (fiscal responsibility and budget
management act, 2003) and government expenditure shock was largely negative (contrac-
tionary). Starting with financial crisis, large fiscal stimulus came in and the government
expenditure shock became highly positive (expansionary). From 2011:Q2 the government
went into fiscal consolidation phase and the expenditure shock became contractionary. .

Note that this was the same period when the interest rate became contractionary in
light of inflation and remained at elevated level despite the decreasing trend in inflation.
In majority of the period of the recent government, the government expenditure shock
was expansionary (2015:Q2 onwards). As we can see from the above discussion two policy
shocks obtained from the model exhibit the true policy instances seen in the economy.
The markup shock also broadly picks up the inflationary trend in the economy, see figure
11(c).

5.3 Impulse Responses

The new Keynesian model has six shocks: preference, markup, investment specific tech-
nology, neutral technology, government expenditure and interest rate shocks. Figure 12
gives the response of model output, inflation and interest rate. Figure 13 gives the re-
sponse of investment, government expenditure and credit. Output, inflation, consumption
and investment falls due to a positive (contractionary) interest rate shock as expected.
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Figure 12: Response of model variables(column) due to shock(row)

New Keynesian model is based on the real interest rate transmission and these variables
should fall when real rate rises. Remember nominal rigidity implies that prices are sticky;
so when there is a nominal interest rare shock, it effectively implies a real rate shock.
Credit increases due to rise in interest rate and thus generates positively sloped loan
supply curve. This could be because with the increase in interest rate, household wants
to save more due to inter-temporal substitution giving higher credit.

Preference shock increases inflation, output, interest rate, consumption. It decreases
investment as households consume more (preference for consumption). Credit falls in
the beginning for the same reason and then overshoots before stabilizing. Government
expenditure increases output, interest rate and decreases consumption, and investment.
Credit decreases on impact, then overshoots and stabilises. The fiscal multiplier is pos-
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Figure 13: Response of model variables(column) due to shock(row)

itive and significant. Consumption falls because increases in government expenditure
implies higher taxation. The effect of consumption is estimated to be very persistent.
Investment and credit falls because government consumes more resources and interest
rate increases. Thus, government expenditure crowds out private investment.

Markup shock decreases output, investment and increases interest rate, inflation and
credit. Credit increases because higher markup implies higher earnings for the firms and
the earning based constraint allows them to borrow more. Central bank increases rates
due to higher inflation, through the real rate channel as explained above. Consumption
increases in the beginning because higher markup leads to higher dividend payments to
the household.
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A positive technology shock increases output and investment. Consumption falls
on impact but increases soon. Interest rate increases on impact but decreases after 6
quarters and remains lower. Credit decreases and this is due to the impact of assets based
collateral constraint. Investment specific technology shock decreases the price of capital,
value of collateral goes down and thus borrowing also decreases. Increase in share of
assets based borrowing will lead to further decrease in credit. Inflation decreases due to
a positive investment specific technology shock.

5.4 Forecast Error Variance Decomposition

Table 2 gives the forecast error variance decomposition (FEVD) of model variables due
to each shock. Output is mainly determined by markup shock, technology shock, inter-
est rate shock and government expenditure shock . Preference and investment specific
technology shocks explain less than 10 percent of variation in output on impact. Infla-
tion is mostly determined by technology, markup and interest rate shock. Interest rate is
determined by technology, markup and its own shocks. This suggests that interest rate
responds to movement in markup shock and this is how the markup shock affects output.

Credit is mainly explained by markup and interest rate shocks. Forecast error variance
decompositions reported here are similar to the one reported in Goyal and Kumar (2017)
based on a small scale new Keynesian model. But there are two important distinctions.
First, the importance of technology shock is far higher in our case and the role of in-
terest rate shock is lower. It is likely due to two reasons. First, we estimate the model
using output gap, whereas Goyal and Kumar (2017) estimated it using quarter to quarter
growth of output gap. Quarter to quarter growth of output is very volatile in comparison
to linearly de-trended output gap.

Second, contrary to Goyal and Kumar (2018), our model includes government expen-
diture. As we have seen from the estimates of smoothed shocks, these two shocks are
contractionary and expansionary at the same time. Therefore, it is possible that in our
case government expenditure picks those effects instead of interest rate shock.
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Table 2: Forecast Error Variance Decomposition

Output
Quarter Preference Markup Investment Technology Government Interest

1 7.7 38.2 7.7 20.0 11.8 14.7
4 1.4 52.4 5.4 35.2 2.0 3.6
8 0.9 52.4 6.0 37.2 1.3 2.2
12 0.9 51.8 7.2 37.0 1.2 1.8
20 1.0 50.8 9.5 35.8 1.3 1.6

Inflation
1 8.2 34.9 1.8 41.1 2.1 12.0
4 5.1 35.3 1.9 46.2 1.5 10.0
8 4.5 36.1 2.2 47.2 1.4 8.5
12 4.2 36.5 3.5 46.5 1.4 7.8
20 4.0 36.6 6.3 44.4 1.7 7.0

Interest Rate
1 9.2 22.8 2.6 29.9 3.3 32.2
4 6.8 27.0 5.7 44.6 2.9 13.1
8 5.9 27.2 5.2 47.7 2.7 11.3
12 5.6 27.8 5.8 47.7 2.7 10.3
20 5.3 28.5 8.7 45.3 3.0 9.2

Investment
1 14.5 38.7 16.4 11.4 7.9 11.1
4 11.8 47.4 13.9 16.3 8.2 2.3
8 9.6 49.9 15.2 15.6 8.2 1.4
12 8.9 50.7 15.6 15.1 8.4 1.3
20 8.7 51.2 15.5 14.8 8.6 1.2

Credit
1 5.1 47.3 1.0 1.3 0.5 44.8
4 2.2 75.9 0.3 6.8 0.5 14.3
8 1.8 79.0 0.3 7.6 0.4 10.9
12 1.6 79.4 0.6 7.8 0.5 10.1
20 1.6 79.1 1.2 8.0 0.5 9.6
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5.5 Counterfactual Simulations

Figure 14: Nine Quarter Moving Average of Estimated Smoothed Shock: Government
Expenditure Shock

Figure 14 gives the 9 quarter moving average of interest rate shocks obtained from
Model 1 of Cholesky decomposition and Max Share identification as well as from the
new Keynesian model. Our model based shock suggests significantly more interest rate
stimulus during the financial crisis as well much prolonged post crisis tightening. In the
pre-crisis period, the model based and VAR based interest rate shocks are of different
nature; the model based shock suggests expansionary monetary policy whereas the VAR
based shock suggests contractionary monetary policy. In late 1990s, all these shocks
suggest contractionary interest rate policy, but the magnitude suggested by model based
shock is much higher compared to the VAR based shocks.
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(a) Interest Rate Shock (b) Gov. Exp. Shock

(c) Markup Shock

Figure 15: Counterfactual Output in Absence of given Shock and Actual Output

Our new Keynesian model has two policy shocks: government expenditure and inter-
est rate shocks. We report counterfactual output obtained from selectively shutting down
these shocks from 2010:Q2 onwards. We choose 2010:Q2 because the peak of the mov-
ing average growth of output was achieved in 2010:Q1. As we can see from figure 15(a),
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interest rate shock was highly contractionary during 2013 to 2016. Output Gap would
have been higher in absence of the interest rate shock. Recently interest rate shock has
become expansionary and output gap would have been lower in the absence of that policy.

As we can see from figure 15(b), government expenditure shock was also contrac-
tionary during 2012 to 2016. Output Gap would have been higher in absence of the
government expenditure shock. Recently the government expenditure shock has become
expansionary and the output gap would have been lower in the absence of that policy.
As we can see, both policy shocks were contractionary during the period 2013-16. This
certainly contributed to the growth slowdown. As we can see from the above discus-
sion, in post crisis period both these shocks have moved in the same direction, both
contractionary or both expansionary. Whether this policy co-movement is bad or good is
a matter of debate, but our analysis suggests that this has harmed growth in the recent
times. But government expenditure has kept output at a higher level in the recent times.
Together, this implies that government expenditure has not brought significant negative
consequence for the economy.

As we can see, the interest rate was kept high despite the softening of inflation and
that led to sufficient output cost. To judge how contractionary the interest rate shock
was, we generate counterfactual output in the absence of markup shock. In this model
inflation gets determined from markup shock, and interest rate responds to inflation. This
raises real interest rate and decreases output through the real rate channel. Therefore,
inflation could be highly contractionary depending upon the weight attached to inflation
in Taylor rule. At the same time, softening of inflation may favour the economy as
the interest rate does not need to be raised despite high weight attached to inflation.
Inflation substantially softened after 2012, which should have stopped any further increase
in interest rate. As we can see from figure 15(c), if markup shock has not turned negative
and inflation has not softened, then the output gap would have been substantially lower.
This makes the point that interest rate was aggressively targeting inflation during this
period without paying enough attention to the output gap that led to significant output
cost.
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5.6 Implications of the Identified Policy Errors

The new Keynesian model works via the real interest rate channel and inter-temporal
substitution. But higher interest rate can also affect the economy by disrupting financial
intermediation. Higher interest rate may reduce demand for credit by firms through inter-
temporal substitution and that can affect profitability of firms adversely. With dwindling
profitability, firms are likely to default and that will create bad assets in the banking
sector which will reduce the credit supply from banks, affecting growth. In this section,
we test for this financial intermediation channel.

(a) Response of slippage due to interest rate
shock from model 1

(b) Response of slippage due to interest rate
shock from model 2

Figure 16: Response of slippage due to interest rate shock from Model 1 and Model
2. Model 1 is with linearly detrended output gap, inflation and interest rate. Model 2
further includes linearly deterended investment, credit and government expenditure. In
both cases, we identify the interest rate shock as the shock which explains maximum
forecast error variance of interest rate over 40 quarters.

We estimate the response using local projection regressions given by:
Slippagei,t+j = φi + β0IRt + β1Slippagei,t−1 + εit forj = 0, 1, ...6
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Where Slippageit is the new addition to gross non-performing assets as percent of
standard advances for bank i in year t. IRt is the interest rate shock obtained from
Max Share identification. Our data-set contains fifty five banks over the time period
2005-2020. Figure 16 gives the the response of slippage over time due to interest rate
shock. Both these measures of interest rate shock lead to significant increase in slippage
ratio. There is no effect on slippage on impact as expected and the peak effect occurs
after 4 years. Interest rate shock from extended model gives slightly higher effect on
slippage in comparison to the model containing only output, inflation, and interest rate.
Results from figure 16 suggest that excessively high interest rate can also harm growth
by disrupting financial inter-mediation.

6 Concluding Remarks

In this paper we explore the recent business cycle fluctuations in India using a medium
scale new Keynesian model. In the model firms face linear combination of earning based
as well as assets based collateral constraint. This is because the response of borrowing
to investment specific technology or neutral technology shock can be markedly different
under these two possible borrowing constraints. Since in the case of India, the micro
evidence for these types of borrowing constraints faced by the firm is not available, it
becomes imperative to allow data to give inference about prevalence of these borrowing
constraints. Our estimates suggest the weight attached to earning based collateral con-
straint is around 0.9. Thus most of the borrowing is earnings-based in the case of India.
Our VAR based interest rate shocks are very similar to smoothed estimates of interest
rate shock from the new Keynesian model, giving us confidence in the counterfactual
analysis using the new Keynesian model.

Smoothed estimates of markup, government expenditure and interest rate shocks are
in line with prevailing narratives about the economy in recent times. This validates our
model and estimation. Markup shock identifies the spike and fall in inflation due to in-
crease and decrease in oil price in the post crisis period. Government expenditure shock
identifies the period of fiscal stimulus in the aftermath of crisis, subsequent fiscal consol-
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idation and recent expansionary fiscal policy. Similarly, interest rate shock identifies very
loose interest rate policy in the aftermath of crisis, delayed tightening and higher interest
rate despite fall in inflation during 2013-16. Recent stance of loose interest rate policy
is also identified by the interest rate shock.

Smoothed estimates obtained from the estimation suggest that in the post crisis
period, two policy shocks in our model, government expenditure shock and interest rate
shock move together (both contractionary or both expansionary). These two shocks
are responsible for stabilizing business cycle fluctuations. Whether the comovement of
policy shock is good or bad is a matter of debate and needs further explorations. Our
results suggest that positive government expenditure shock leads to significant crowding
out of private investment but increase in output through fiscal multiplier. Therefore
the overall growth effect of government expenditure shock is positive based on results
obtained in this paper. The effect of interest rate on investment is not as significant
as the effect of interest rate on output. This could be partly due to the fact that high
interest rate episodes in our sample are also associated with fiscal consolidation and
vice versa. Interest rate was highly contractionary during 2013-16 despite softening of
inflation which led to significantly lower output gap. Higher interest rate also disrupts
financial intermediation by creating bad assets in the baking sector. This way the effect
of prolonged excessively high interest rate on growth could be much more harmful than
usually thought via intertemporal substitution channel and sacrifice ratios. These results
have important implications about aggregate demand management in the economy.
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