Monetary Policy: Confronting
Supply-driven Inflation™

Monetary policy’s vesponse to supply shocks in pursuit of its
goal of price stability has been brought into sharp focus by
the ongoing global inflation crisis. Using crude oil price as
an exemplar of supply shocks, simulations from the RBIs
Quarterly Projection Model (QPM) show that when
the shock is transitory, inflation rveturns to equilibrium
without the need for any monetary policy action. On the
other hand, vepeated supply shocks trigger second vound
effects through cost-push, expectations, exchanye rvate and
demand channels, warranting pre-emptive monetary
policy action. Credibility can veduce the monetary policy
rvesponse; even so, by frontloading monetary policy actions,
credibility is demonstvated by showing commitment to the
inflation target. The vequived monetary policy response
is lower when there is a fiscal policy response to supply-
side shocks, but the latter entails macroeconomic costs,
including potentially a slowing down of medium-term
growth.

Introduction

The current inflation crisis is global. According
to the World Bank, global median inflation is at its
highest level since 2008. For advanced economies
(AEs), it is at its highest level since 1982. Inflation
is above target in the majority of AEs and emerging
markets and developing economies (EMDEs) that
have adopted inflation targeting (World Bank, 2022)*.

This inflation surge draws its origins from a series
of supply shocks — pandemic lockdowns; supply chain
disruptions; elevated commodity prices and the war
in Ukraine — exacerbated more recently by firming

" This article is prepared by Joice John, Deepak Kumar and Michael
Debabrata Patra of the Reserve Bank of India. The views expressed in
this article are those of the authors and do not represent the views of the
Reserve Bank of India.

1 Global Economic Prospects, June 2022.
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demand and shifts from services to goods and back.
Reflecting these pressures, the energy component of
global consumer price inflation is at its highest level
since early 1980s. For over 40 per cent of EMDEs and
most low-income countries, consumer price index
(CPI) food inflation is expected to remain in double
digits through 2022 (World Bank, ibid). Consequently,
the global inflation crisis is just the face of one of the
most severe food and energy crises in recent history
that now threatens the most vulnerable across the
globe (Patra, 2022). Food shortages are adding to
the pain of soaring prices and even among the rich

nations, food security is endangered.

In response, the most widespread monetary
policy tightening is underway across the world.
National actions are appearing synchronised because
imported inflation pressures are being exacerbated
by country specific shocks acting at the same time.
As central banks aggressively frontload rate increases
and liquidity withdrawals, apprehensions of eminent
recession are rising? and loss of momentum is already
being reflected in the recent purchasing managers
indices (PMI) as well as in the pervasive risk aversion

in financial markets.

EMDEs are at the receiving end and their

macroeconomic and financial conditions are
worsened by currency depreciation, capital outflows
and reserves losses. India has not been immune to
this risk-off sentiment gripping global investors and
financial markets, in addition to inflation having
remained above target and at or outside the tolerance
threshold for 6 months. Assessing the initial impact
of the geo-political spillovers, GDP projections have
been revised downwards by 60 basis points (bps) for
2022-23, while inflation projections have been raised

by as much as 220 bps. The policy rate has been

2 In a survey of economists conducted by Wall Street Journal, the
probability of recession in the United States in the next 12 months has
risen to 44 per cent from 28 per cent in April and 18 per cent in January.
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effectively raised by 130 bps and liquidity withdrawal
is underway (RBI, 2022). In a world in which elevated
inflation is globalised, it is the direction of the change
that matters, not the height. In May 2022, India's CPI
inflation declined by as much as 80 bps. High frequency
indicators suggest that the momentum of recovery is
holding up. Against this backdrop, an animated debate
has swung from regarding the Reserve Bank of India
(RBI) as being behind the curve (Bakshi, 2022) or acted
too little, too late (Subramanian and Felman, 2022) to
the other end of the bi-polarity that it has acted for the
wrong reasons (Sengupta, 2022), given the supply-side
nature of inflation against which monetary policy is
powerless (Aiyar, 2022).

Using the RBI's Quarterly Projection Model
(OPM), our article addresses this debate with the
help of counterfactual scenarios of adverse crude oil
price shocks as a case study. Central to the exercise
is the role of credibility and anchoring of inflation
expectations. The results show that India's flexible
inflation targeting (FIT) framework, coordinated
with supply-side policy actions, can redistribute
the macroeconomic costs of shocks by taking into
account the behaviour of firms in setting prices and of
households in bargaining for wages.

The rest of the article is divided into three
sections. Section II sets out a brief discussion on the
channels of transmission of crude oil price shocks.
The challenges confronting monetary policy decision
making in the face of adverse supply shocks are the
focus of Section I11. Conclusion and policy perspectives
are given in Section IV.

I1. OPM: Channels of Fuel Price Transmission

The QPM belongs to the genre of consensus
macroeconomic New Keynesian open economy
structural models. Drawing on this tradition, it consists
of 1) an aggregate demand equation; 2) an expectations
augmented Philips curve; 3) a monetary policy rule;
and 4) an external block for the determination of
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exchange rates. A defining feature is the focus on
nominal rigidities in price/wage settings and in mark-
ups, providing monetary policy the exploitable trade-
off to affect goal variables like output and inflation.
Trend variables like potential output are assumed
to be supply-driven and therefore exogenous to the
model. Inflation is a result of deviations of aggregate
demand from its underlying trend.

In India, the prominence of food and fuel in
the consumption basket amplifies the dominance of
supply-side shocks in economic activity, with spillovers
to the formation of inflation. Therefore, such country-
specific characteristics® are incorporated into the QPM,
enabling gains in empirical regularity. We can now
turn to the theme of the article by drilling down into
the 'fuel’ block in the QPM* and interlinkages with
other blocks, since crude oil price impacts growth and
inflation through multiple channels (Chart 1).

The immediate impact of changes in crude oil
price is on global variables - higher crude oil price
increases other international commodity prices, feed
into global inflation and weaken global demand and
growth, the latter being also impacted by the monetary
policy response in the form of a rise in global interest
rates to head off the inflation surge. In the next stage,
the disturbance to global macroeconomic conditions
caused by the crude price rise feeds into domestic
output and inflation. The direct impact on inflation
occurs due to the pass-through to domestic petroleum
product prices. Second round effects occur through

3 The QPM embeds many India-specific features like the behaviour of
different inflation components and their interlinkages, sluggishness in
monetary policy transmission, the predominance of the bank lending
channel, endogenous credibility, monetary-fiscal linkages, fuel pricing,
capital flow management and exchange rate dynamics. The schematic
diagram representing interlinkages in the OPM and the key equations
are presented in the Appendix. For a fuller overview, see Benes, Clinton,
George, Gupta, et al. (2016).

4 The fuel block has market-driven and administered components of
fuel. The market-driven component is determined by crude oil price, the
exchange rate and fuel taxes. The administered component is modeled as
an exogenously driven process.
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Chart 1: Crude Oil Price — Transmission Channels
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cost-push - petroleum prices increase prices of The fuel block in the QPM incorporates the

intermediate goods and services which, in turn, push  dynamics of the impact of fuel taxes on petroleum

up prices of final goods and services. There is also a  products. Shocks to fuel taxes are long lasting, leading

demand channel of transmission to domestic inflation {5 changes in the tax structure that stay until the tax

at work — higher petroleum product (PoL) prices reduce changes are exogenously reversed (Chart 3).

the consumption of non-PoL items of households and

profit margins of firms, leading to lower cash flows and In the context of recent actions to reduce excise

investment. As a result, domestic aggregate demand duty on petroleum products in India, the dynamics of

moderates, causing inflation to ease. a fuel tax cut can be traced to a reduction in headline
, o o inflation through a) the direct effects on inflation
On balance, the cost-push increase in inflation is
, , due to reduction in domestic petroleum product
much more painful than output losses. If the Indian

basket of crude price increases by 10 per cent, inflation prices; b) second round effects through a decline in

could increase by around 30 bps at its peak, with GDP intermediate costs and eventually prices of final goods;

growth weaker by 20 bps (Chart 2). Hence, monetary ¢) the demand channel - lower PoL prices increase the

policy tightening is required to push inflation back  consumption of non-PoL items by households and

to target. The monetary policy reaction widens the  profit margins of firms; and d) an increase in the fiscal

output gap, compresses demand and thereby brings
down inflation.
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deficit due to revenue losses, which leads to higher
market borrowings, higher debt, higher country risk
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Chart 2: Impact of 10 Per cent Increase in Crude Oil Price
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premium, exchange rate pressure and a pick-

up in

could decline by around 15 bps, with GDP increasing

inflation. If fuel taxes are cut by 10 per cent, inflation by 20 bps.
Chart 3: Impact of 10 Per cent Cut in Fuel Tax
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I1I. Case Study of Crude Oil Price Shocks

When the economy faces supply shock/s,” the
monetary policy response is conditioned by a) the
nature of the shock; b) aggregate demand conditions;
¢) monetary policy credibility; and d) the reaction of
other agents in the economy to the shock.

11 1. Transitory Versus Repetitive Supply Shocks

Macroeconomic policy responses to transitory®
and repeated’ supply shocks may differ markedly for a
10 per cent increase in crude oil price (Chart 4). In both
cases, the initial impact (direct impact) on headline
inflation remains the same. In the case of a transitory
or one-off shock, inflation returns to equilibrium
without the need for any monetary policy action. On
the other hand, repeated supply shocks presented
as a persistent 10 per cent increase in crude oil price
triggers second round effects through the various
channels described earlier, resulting in ratcheting up
of inflationary pressures. This warrants pre-emptive
monetary policy action.

ARTICLE

There are non-trivial costs associated with
misjudging the nature of the shock (Chart 5). If
monetary policy decides to look through the second
round effects of repetitive increases in crude oil
price, inflation expectations will become unanchored,
leading to an upward drift in inflation away from its
pre-shock level (Chart 5.i a-c). On the other hand, if
monetary policy chooses to react to a transitory crude
price shock by increasing the policy rate, it will impart
volatility to output without any noticeable impact on
inflation, which would have otherwise returned to
the target (Chart 5.ii a-c).

Thus, the key takeaway is that monetary
policy can ignore the initial impact of an adverse
supply shock as it lies outside its realm and remit, but
it is essential for it to react to second round effects to
avoid the generalisation of inflation. It is important to
carry out an assessment of the life of the shock for an

optimal monetary policy response.

Chart 4: Response to Transitory and Repeated Increase of 10 Per cent in Crude Oil Price
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> 1If there are favorable supply shocks, monetary policy decision making is relaxed as inflation declines, growth gather momentum and monetary policy
gains credibility or the "Opportunistic Approach to Disinflation” (Orphanides et al., 1997). The reverse holds in the event of an unfavourable shock.

6 Transitory shock means the crude oil price returns to the pre-shock level in next quarter.

7 Repeated shocks mean the crude oil price returns to the pre-shock level over 5 years.
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Chart 5: Monetary Policy Response to Transitory and Repeated Increase of 10 Per cent in Crude Oil Price
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Note: Orange lines represent the impulse response functions (IRFs) with monetary policy action and blue lines represent the IRFs with unchanged monetary policy. The
first row (charts i. a-c) represents the case of repeated crude price shock and the second row (charts ii. a-c) represents the case of a transitory crude price shock.

111.2. Supply Shocks and Aggregate Demand

The monetary policy response to supply shocks
is also conditioned by the state of aggregate demand
conditions in the economy i.e. whether there is slack
in the economy or excess demand. In the former, the
Phillips curve will be flatter, while it will be steeper in
the case of the latter.

In the event of a 10 per cent adverse shock
to crude oil price when the Phillips curve® is
flatter,® the responsiveness of inflation to aggregate

8 When the Philips curve is flatter the elasticity of inflation to aggregate
demand will be lower, implying that every unit of disinflation will require
more reduction in demand than otherwise; and when it is steeper the
elasticity will be higher, requiring less demand compression for every
unit of reduction in inflation. For recent estimates of the Phillips curve in
India, see Patra et al. (2021).

9 The output gap coefficient in the Phillips curve is calibrated to 0.05.
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demand conditions will be lower, requiring sharper
increases in the policy rate than otherwise to bring
down inflation in the face of second round effects
(Chart 6). This inflicts more slack on the economy. On
the other hand, when the Phillips curve is steeper,’®
inflation is more responsive to aggregate demand,
warranting a smaller monetary policy response and
hence a lower sacrifice of growth.

When the going through a

contractionary phase, a supply shock can aggravate

economy is

the dilemma for monetary policy, which can ill afford
to weaken demand conditions further by responding
to the inflationary impact of the supply shock. Hence,
the conduct of monetary policy emphasises the role

10 The output gap coefficient in the Phillips curve is calibrated to 0.30.
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Chart 6: Response to 10 Per cent Increase in Crude Oil Price: Steep and Flat Phillips Curve
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Source: Authors’ estimates

of inflation expectations. If agents in the economy
believe in monetary policy's steadfast commitment to
inflation within a credible FIT framework, large policy
rate increases can be avoided. This leads into the issue
of the credibility of monetary policy.

1I1.3. Supply Shocks under Perfect and Imperfect
Credibility

With a 10 per cent shock to crude oil price
under perfect credibility!!, inflation expectations
of all agents in the economy are fully aligned with

the target. Hence, monetary policy need not react
even to second round effects as firms will not pass
on these inflationary impulses, preferring to absorb
them in their profit margins because they believe
that passing on the crude price shock to consumers
will lead to higher interest rates in the economy
that will adversely affect their cost of borrowing
(Chart 7).

Even with perfect credibility, however, monetary

policy cannot look through the second round effects

Chart 7: Response to 10 Per cent Increase in Crude Oil Price : Perfect and Imperfect Credibility
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Source: Authors’ estimates.

Note: Orange lines represent the IRFs with imperfect credibility and blue lines represent the IRFs with perfect credibility.

11 Credibility is defined on an index between 0 to 1. 1 means perfect credibility; for imperfect credibility, we assume the index is at 0.5. When credibility
is perfect, inflation expectations are completely forward looking. (Benes, Clinton, George, John, et al., 2016)
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of repeated supply shocks. The inflation target may
be breached for a prolonged period and this could
un-anchor expectations and eventually get reflected
in higher inflation. On the other hand, if credibility
is not perfect, inflation expectations will be adaptive.
In the case of unfavourable supply shocks, inflation
expectations will increase, leading to generalised
inflation and hence a higher policy rate than otherwise
will be required. Thus, higher credibility can reduce —
not substitute for — the monetary policy response to
second round effects of repeated supply shocks.

Another dimension of monetary policy credibility
is the timing of its response. With imperfect credibility,
a delay in the monetary policy response to repeated
unfavorable supply shocks leads to a further loss of
credibility, unhinging of inflation expectations and
eventually, higher inflation outcomes with a higher
sacrifice of growth (Chart 8). On the other hand, by
frontloading monetary policy actions, credibility in
the commitment to the inflation target is enhanced.
This will anchor inflation expectations, necessitating
less aggressive policy increases and, therefore, a lower
growth sacrifice.

Monetary Policy: Confronting Supply-driven Inflation

II1.4. Role of Fiscal Policy

We assume two counterfactual scenarios under a
10 per cent increase in crude oil price viz., a) a fuel tax
cut that keeps retail prices unchanged, but this results
in a slippage relative to budgetary projections; and
b) a fuel tax cut which is offset by a commensurate
reduction in capital expenditure to prevent fiscal
slippage (Chart 9).

In the first scenario, there is a widening of
the fiscal deficit due to revenue losses which has
inflationary consequences. Furthermore, second
order effects set in. The widening trade deficit due
to higher outgo on imports leads to depreciation
pressures on the exchange rate. The initial increase
in the fiscal deficit also imposes additional pressure
on the exchange rate due to higher country risk
premium. Overall, although the peak impact on
headline inflation could be substantially lower
than in a scenario with no cut in fuel taxes, the
combination of fiscal slippage and higher market
borrowing by the government, exchange rate
pressures and a higher country risk premium may

produce large destabilising macroeconomic effects.

Chart 8: Response to 10 Per cent Increase in Crude Oil Price : Delay Versus Frontloading
Monetary Policy Actions
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Note: Orange lines represent the IRFs with gradualism; blue lines represent the IRFs with 4-quarter delay in response and grey lines represent the IRFs with frontloading
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Chart 9: Response to 10 Per cent Increase in Crude Oil Price : Under Fiscal Action
a. Fiscal Deficit (per cent to GDP) b. Output
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In the second scenario, taxes on petroleum
products are reduced to absorb the full impact of the
crude oil price increase (therefore, no increase in retail
prices), but the primary deficit is kept unchanged
by reducing capital expenditure equivalently. In
this scenario, the peak impact on inflation is lower
as the exchange rate depreciates by a relatively
lower magnitude and the country risk premium is
unaffected in the short run because of the unchanged
primary deficit. The required interest rate tightening
in this scenario is also lower. The decline in output
is, however, much more in view of the lower capital
expenditure, and more prolonged due to multiplier

effects.
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IV. Conclusion

The role of monetary policy in the context of
inflation driven up by supply shocks is engaging
attention in India as well as across the world. 'Team
transitory’ that would argue for monetary policy
looking through supply shocks is losing out to
'"Team permanent’ which advocates fighting inflation
with monetary policy irrespective of the sources
of inflationary pressures. As we have argued in this
article, the answer to this conundrum is conditional
on several factors such as the nature of the shock,
aggregate demand conditions prevailing in the
economy, monetary policy credibility, and the role
played by other agents in response to the supply
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shocks. We have attempted to model each of these
factors in discrete scenarios. In real life policy making,
however, these factors come into play together with
differing intensity, often interacting with each other,
and have to be considered simultaneously.

In the wake of the pandemic and now the war in
Ukraine, the Indian economy has faced repeated
supply shocks. The flattening of the Phillips curve
during the pandemic would have required a large and
unaffordable growth sacrifice for disinflation. At the
current juncture, however, supply shocks are larger
and unrelenting, carrying the risk of unanchoring
inflation expectations. They are also accompanied
by a rebound in pandemic related revenge spending.
With the gradual closing of the output gap underway,
disinflation is less costly than before. Consequently,
coordinated monetary and fiscal policy responses are
set in motion on an ongoing basis. With limited policy
space, frontloading of monetary policy actions can
keep inflation expectations firmly anchored, re-align
inflation with the target and reduce the medium-term
growth sacrifice.
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Appendix

L. Schematic Representation of Quarterly Projection Model (OPM)
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Source: Modified version of Benes, Clinton, George, Gupta, et al. (2016).

II. Key Equations in QPM

The OPM has 154 equations, of which 57 are behavioral equations. Only key equations are presented below.

Forward-Looking IS Equation:
Pe =ty Eeun) + @2 * ooy — g+ 7" + @y 9]

+ag * 2, — nPT + ag * FIMP, + a; * roil, +£f (1)

The output gap (¥,) is determined by lagged values (J¢-1), model-based rational expectation (E;(§;+,)), the long-
term market real interest rate gap (f{"), the foreign output gap (?tf ), the real exchange rate gap (), the credit

BLT

conditions (nPL7), the real domestic fuel price gap (roily), the fiscal impulse (FIMP,) and the shocks to aggregate

demand (¢}).

Aggregate Supply Block - Inflation Equations:

d da 1 d d — d
(7% = o0 g (e — afoo) (o[22 — e — L
monsoon MSP vegetables mfood
+nonsoon (L)€ + Tysp (L)€ + I‘lvegetables(L)gt + & (2)
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food d), (ﬂ4?eadline _ 71.4{00!1) and (pfOOd core __ ==food

00
Food inflation (7, """) depends on past food inflation (”{_1 t+4 Pt~ TDpyy

ensure that food mﬂation converges to overall inflation in the long run. Food inflation in the short run is driven

by three shocks: monsoon shocks (e/°™$°°™),

vegetables)

shocks to minimum support prices (¢M5P) and shocks to vegetable

prices, e.g., onions (e with each of these shocks having different short-term effects

e = By * B (wAG20) + (1= By) * w08 + By * (e + P * 2¢) + Py (waetme — magore)

energy mkt core —=energymkt food core —food reore
+Bs(p; — pi®’" — 7P, )+ Be(prss” — pELU — TP, ) + e

..(3)

core

corey depends on expected inflation (E;" (m4£3%9)), as well as its past value (T£59). Core inflation

Core inflation (7
alsodepends on domestic output gap (V1), and the real exchange rate gap (Z¢). (perereY mkt _ pycore _ FpeneTIy mkt)

and (p{fff ¢ piss — rpt+4 ) represents the spillovers from food and fuel components.

l Lmkt Lad
n[ue = Wtfuel,mkt n[ue " + (1 - Wtfuel,mkt) T[tfue aem (4)
Fuel inflation (n{ uely is determined as weighted average of market determined fuel inflation (ntf uelmkty and
administered fuel inflation (i} fueladmy
T[{uel,mkt — {m fitelmkt + Bfm fueltax + (1 _B1m ﬁzfm)‘l'(ASt +Apml AZ_t) + S%Tfuel,mkt (5)
Market fuel inflation is determined by changes in Indian basket crude oil price (Ap?®), changes in exchange rate
(ASy) and fuel taxes (7t,?c uel, taxy

Lt Lt t Lt fueltax fueltax
mf M = M B (g — m) el - e (6)

fuel,adm __ _ fuel,adm far_core _ fuel adm fuel adm
Ty =T + Bi (” ) te

.(7)

( fuel, adm)

Fuel taxes and administered fuel inflation (7 are assumed to be driven by exogenous factors.

Monetary Policy Reaction Function:
ip = Ay % ipog + (1= A) * {7 + w47 + Ay * [E,(m4E55°) — 47] + A3 # [Ep(malg§™ine) —maf] + Ay + 9 } + &b .(8)

where i is the policy repo rate, 7 is the natural rate of interest, m4; is the inflation target, E, (m4£9%¢) is the core
inflation forecast of three-quarter ahead, E, (r41¢¢%4ne) is the headline inflation forecast and J: is the output

gap-

Modified Risk-Adjusted Uncovered Interest Parity (UIP):

V1 * [ie — (i + 0, +v3 * BIMP, + y5 * FIMP,)] + (1 — y;) * [4AZ,_; + (m4$%h¢ — m4]_ )] +

(1 —Int) *yy * Ky = 4 % (E;Seyq — Sp) + €8 ..(9)

where S, is the current exchange rate, E;S;,1 is the expected exchange rate, it the nominal interest rate, i, / the
foreign nominal interest rate, 9t the time-varying country risk premium, 7T4t is the foreign inflation, AZ, is
the change in the real exchange rate trend. Exchange rate is also affected by fiscal (FIMP;) and debt (BIMP;)
impulses and capital flows (K¢,
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Fiscal Block:

The fiscal deficit (FDt) is the sum of primary deficit (PD,) and interest payments (IPy).

Primary deficit is decomposed into PD?; the structural component and PD¢, the cyclical component.

PD, = PD%; + PD¢; L(11)
The cyclical primary fiscal deficit (PD°,), which is the automatic stabiliser is modeled as the function of the
economic cycle measured by output gap ().

PD¢, = —& =9, + e7P°, ..(12)
The structural component of fiscal deficit (PD®) is modeled as the weighted sum of one-quarter lagged of the
structural primary deficit and the primary deficit target (PDf).

PDf = pPP* « PDS,_y + (1 — pPP°) x PD§ + PP’ .(13)

The debt accumulation dynamics is modeled based on Domar's canonical form

1
By = FDy 4+ Bi_q * (——ss=55~
t t t—1 ((1+(71: +G ))) ...(14)

100

The changes in the structural primary deficit causes fiscal impulses (FIMPy),

FIMP, = PD§ — PD}§ ..(15)

The changes in the debt produces debt impulses (BIMPy)
BIMP, = By — B;_4 ...(16)
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