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Chapter 3

THE IMPACT OF EXCHANGE RATE CHANGES ON 
CONSUMER PRICES: EVIDENCE FROM INDIA

By
Sujata Kundu1

1. Introduction 

Inflation in emerging market economies, since the mid-2000s, has generally remained moderate 
and stable as compared with the late 1990s, irrespective of the fact that there exists considerable 
heterogeneity in inflation performance across the economies. While global factors, particularly the 
fall in crude oil prices, played a crucial part in achieving the benign inflation environment, a lot 
more was due to the softening in longer term inflation expectations (WEO, October 2018). However, 
crude oil prices are no longer moderate; and with monetary policy normalisation characterised 
by the rising interest rates in the advanced economies (AEs), specifically the United States, a 
host of emerging market economy (EME) currencies have suffered major depreciation against the 
US dollar (US$), particularly since the beginning of 2018. One of the leading EME currencies 
that witnessed a major fall in its exchange rate is the Indian rupee (INR)2; the others being the 
Turkish lira, Argentine peso and the Russian ruble. Some of the other developing countries such 
as Brazil, China, Vietnam, Colombia, Indonesia, Pakistan and South Africa, also struggled with 
pressures of currency depreciation to varying degrees. The events surfaced renewed concerns 
among policymakers as well as researchers in examining the nature and causes of such sharp 
depreciation. More importantly, central to the global transmission of inflation and economic cycles 
is the dynamics of exchange rate impact on domestic prices, which is popularly termed as exchange 
rate pass-through (ERPT) in the literature (Aron, et al. 2014).

In this context, one of the major areas of discussion among policymakers and researchers 
in the case of India, being an inflation targeting (IT) economy, has been to analyse the impact of 
the currency depreciation on inflation, or in other words the extent of ERPT on domestic inflation. 
Globally, crude oil prices have also been on the rise, which is an additional cause of discomfort as 
crude oil is one of the major constituents of India’s import basket (India imports around 80% of its 
crude oil requirements). Therefore, the combination of both these events not only pose upside risks 
to the inflation path but could also have implications for the medium-term inflation target.  

1. The author is a Research Officer in the Prices and Monetary Research Division of the Department of Economic 
and Policy Research, Reserve Bank of India (RBI), Mumbai – 400 001. The paper is a part of the SEACEN 
Research Project on Price Setting Behaviour and Inflation Dynamics in SEACEN Member Economies and their 
Implications for Inflation. The author is extremely thankful to the Reserve Bank of India for nominating the author 
in the project. The author extends sincere thanks to Asish Thomas George, Director, RBI, for technical help in the 
paper, Soumasree Tewari, Research Officer, RBI, and Shobhit Goel, Manager, RBI, for their help in data related 
queries. The first draft of the paper was presented in the SEACEN seminar on 13 November, 2018. The author 
expresses sincere thanks to the Project leaders, Prof. Peter Tillman and David Finck, and to the other participants 
for their valuable comments and suggestions during the presentation. The author is extremely thankful to Binod B. 
Bhoi, Director, RBI, for his useful comments on the revised draft of the paper. The views expressed in this paper 
and errors, if any, may be attributed to the author only.

2. The INR depreciated by 14% in September 2018 over January 2018.
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The ERPT is an empirical question (Patra, et al. 2018). Therefore, quite evidently, it has 
attracted the interests of policymakers, specifically the ones dealing with monetary policy making 
for quite some decades now. Moreover, with a majority of the EMEs adopting new monetary policy 
frameworks (specifically IT), the issue has depicted considerable evolution over time. EMEs have 
largely shifted from monetary policy frameworks with currency boards or pegged currencies in 
place. The new frameworks generally offer exchange rate flexibility and a new nominal anchor 
for monetary policy, which is inflation in most cases. Therefore, the dynamics of exchange rate 
movements could matter a lot for an IT monetary policy framework. In fact, the degree of ERPT is 
one of the key factors that could determine the effectiveness and performance of monetary policy. 
In addition, welfare effects working through the disposable incomes of the households as well 
as input costs/profit margins of firms, would have implications for their inflation expectations. 
Therefore, the extent of ERPT could pose crucial policy questions for the central bank in the sense 
that whether a central bank should respond to exchange rate changes even when its aim is to target 
inflation (Patra, et al. 2018). Moreover, together with other exogenous shocks to the economy, 
like an adverse crude oil price shock, exchange rate fluctuations can raise concerns of appropriate 
monetary policy decisions.

Against this backdrop, let us now set out the objective behind this paper and try to draw out 
some of the important questions that the study will attempt to address. As has been stated earlier, 
the INR has witnessed a phase of significant depreciation vis-à-vis the US$ during the current year, 
which has renewed interest in re-examining the extent of ERPT to domestic inflation. The paper 
begins with the question whether changes in exchange rate and inflation dynamics impact the extent 
of ERPT. The study uses the new all India consumer price index-combined (CPI-C) as the measure 
of domestic prices for the analysis. Using CPI-C becomes important because under the flexible 
inflation targeting (FIT) framework, all India headline inflation based on CPI-C is the nominal 
anchor for IT. While there exists a handful of studies in the Indian context that have looked at the 
issue of ERPT in some detail, this study will, at first, try to re-confirm the earlier estimates of ERPT 
to overall inflation.3 Moreover, against the backdrop of the previous two decades characterised 
by major global events beginning with the dotcom bubble crash during 2000-02, followed by the 
global financial crisis during 2007-08 (which had a significant impact on global growth conditions), 
trailed by Quantitative Easing (QE) and subsequent taper tantrum; upturn and downturn of the 
global commodity price cycles, a major decline in domestic food inflation in India, and landmark 
institutional changes in the monetary policy framework in the domestic arena, the paper attempts 
to answer the question whether factors like global demand conditions, foreign costs, international 
commodity prices, domestic food price shocks, input cost conditions and trade scenario played 
any role in explaining inflation dynamics during this time.  In addition, the paper inquires whether 
all through these years the extent of ERPT has varied over time. Considering that inflation during 
these years have gone through high and low phases characterised by considerable differences in 
inflation volatility, the paper attempts to model ERPT to inflation in a Markov-switching regression 
framework. In doing so, the paper answers the question whether ERPT has been different during 
high and low inflation phases. Although limited by the availability of data capturing the recent 
phase of currency depreciation in the Indian economy, the paper tries to assess whether the current 
phase of exchange rate fluctuation caused a major turning point or a regime-switch in inflation.

3. See Khundrakpam (2007) and Patra, et al. (2018).
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Using a linear regression framework, the paper finds that the ERPT accumulated over the 
duration of four months is 0.09, i.e. around 10% of the changes in the exchange rate are cumulatively 
passed through to the changes in CPI-C, while over a duration of 12 months the cumulative pass-
through is around 20%. The results also show that foreign costs, global demand conditions and food 
price shocks are statistically significant determinants explaining the changes in domestic consumer 
prices in India. The results of the linear regression model are further validated using a structural 
vector auto regression model. Further, using a regime-switching model the paper tries to analyse 
the time-varying nature of ERPT. In this regard, the paper finds that the lower inflation regime 
in India is also characterised by low volatility with the ERPT coefficient at 11%, which is much 
lower than the ERPT coefficient in the high inflation regime, which is around 20%. Additionally, 
the study finds that the one period lagged inflation and changes in food inflation shock are crucial 
determinants of inflation dynamics. Moreover, using rolling regression method, the study also finds 
that ERPT had been fairly high especially during 2007-08 to 2011-12, and has declined in the 
subsequent years.

The structure of the paper is as follows: Section 2 takes us through a brief review of the 
emergence and the gradual evolution of the literature on ERPT over the years. It also provides an 
overview of the earlier studies that came up with the ERPT estimates, specifically in the Indian 
context. Section 3 covers the stylised facts and puts forward the primary objective of the paper 
along with the questions that the paper attempts to answer. Section 4 presents the methodology and 
the modelling frameworks used in the paper. Section 5 provides the details of the data and the data 
sources used in the analysis. It also presents the results of the study. Finally, Section 6 concludes 
the paper with some implications for monetary policy.  

2. Literature Review   

The adoption of an IT monetary policy framework requires a careful analysis of the impact 
of exchange rate fluctuations on domestic consumer prices. Under an environment of complete 
ERPT, domestic currency depreciations can translate into an increase in domestic inflation via an 
increase in import prices. However, the ERPT is generally incomplete or partial as shown widely 
in the literature. Campa and Goldberg (2002), with a sample of 25 OECD countries, find that in the 
short run, import prices in local currencies reflect 60% of the exchange rate changes, while in the 
long run the extent goes up to 80%.

According to Dornbusch (1987) and Marston (1990), among others, the ERPT depends on 
the structure of competition in the industry, which is also depicted empirically by Knetter (1993) 
and Yang (1997). However, in another strand of the literature, Taylor (2000), in a seminal paper, 
shows that the degree of ERPT depends on the level of inflation. He argues that low ERPT in the 
advanced economies is the result of moderate inflation during the 1990s as compared with the high 
inflation episodes of the previous decades. In addition, he states that a commitment towards price 
stability should reduce the degree of ERPT. Therefore, the lower the extent of import price ERPT, 
the smaller is the impact on domestic inflation, thereby reducing the concerns of monetary policy 
adjustments in maintaining the inflation target. Devereux and Yetman (2002) shows that a higher 
mean inflation and a higher exchange rate volatility leads to more frequent price changes and a 
higher rate of pass-through.
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Gagnon and Ihrig (2004) provides a validation of the Taylor hypothesis with a dataset of 
20 industrialised economies between 1971 and 2003. The study reveals that ERPT into domestic 
inflation has declined in many of the countries since the 1980s. In addition, the study records 
widespread evidence of strong connection between estimated rates of pass-through and inflation 
variability.4 Choudhri and Hakura (2006) re-visits the Taylor hypothesis and attempts to confirm its 
validity on a cross-section of 71 advanced and developing countries from 1979 to 2000. Their results 
show strong evidence of a positive and significant association between the average inflation rate 
and the exchange rate pass-through across the sample. In another study, Edwards (2006) estimates 
the ERPT for 7 IT economies (Australia, Brazil, Canada, Chile, Israel, Korea and Mexico) and 
finds evidence consistent with the Taylor hypothesis. The study reveals that the adoption of IT 
resulted in a decline in pass-through from exchange rate changes to inflation. Edwards (2006) 
also looks at some of the broader issues of importance like the upshots of IT on exchange rate 
volatility and the potential role of exchange rate changes on the monetary policy decisions/rule in 
IT countries. It reveals that IT as a monetary policy framework has not resulted in an increase in 
exchange rate volatility, whether real or nominal; and economies that have experienced phases of 
high and unstable inflation often tend to explicitly take into account developments in their nominal 
exchange rates while taking monetary policy decisions.

There is a general consensus in the available literature that IT as a monetary policy framework 
has helped to reduce ERPT not only in the AEs but also in the EMEs (Jasova, et al. 2016). In this 
regard, some of the recent literature like that of Baharumshah, et al. (2017) assess whether the 
adoption of an IT regime reduced the ERPT to inflation measured by the consumer price index 
(CPI) in the case of Mexico, and the results reveal that ERPT to CPI inflation is relatively higher 
(although incomplete) before IT, while lower (near but not zero) after the implementation of IT 
in early 2000. The study also states that changes in ERPT to inflation are closely associated with 
changes in monetary policy towards adoption of IT, possibly due to a boost in the credibility of the 
central bank after the adoption of an IT regime, a changing nature of the exchange rate movements, 
and a shift in the formation of inflation expectations as expectations tend to be better anchored 
under IT. Similar results are also obtained by another study done on a sample of 14 EMEs over the 
period 1994Q1-2015Q3 (López-Villavicencio and Mignon, 2017). WEO (October 2018) also states 
that inflation expectations when anchored better work towards lowering inflation persistence and 
limiting the degree of ERPT to domestic prices. 

In another paper, Baharumshah, et al. (2017) with a sample of 6 Asian economies (Thailand, 
Indonesia, Japan, Philippines, China and South Korea) and using a Markov-switching model finds 
the prevalence of two regimes. During a regime with large and erratic variations in inflation, the 
extent of ERPT is higher in contrast to episodes of moderate inflation. Somewhat similar result is 
also shown by Goldfajn and Werlang (2000). According to this study, the initial level of inflation 
plays a key role in determining the degree of ERPT. Furthermore, the study also states that the 
cyclical component of output, the initial overvaluation of the real exchange rate and the degree of 
openness of the economy are the other major determinants of the extent of ERPT. Barhoumi (2006) 
also shows that countries that have witnessed high inflation experience higher long-run ERPT than 
countries that have lower inflation regimes. This study also points out that the extent of ERPT 
depends on the type of exchange rate framework that is in place (whether fixed or floating) and the 
trade barriers in the country.5  

4. Also see Ihrig, et al. (2006); Brun-Aguerre, et al. (2012); and Shintani, et al. (2013). 
5. Also see MacCarthy (2000).
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A set of the literature also focuses on the asymmetric nature of ERPT, meaning the impact on 
prices is different during appreciations and depreciations. Delatte and López-Villavicencio (2012), 
using quarterly data from 1980Q1-2009Q3 for 4 major advanced economies (Japan, Germany, UK 
and US) provides evidence for exchange rate depreciations having a stronger impact on prices, 
suggesting weak competitive market structures. The study also indicates that such events could 
have crucial implications for the conduct of monetary policy.6 In case of EMEs, Caselli and Roitman 
(2016) with a panel of 28 EMEs finds that the reaction of domestic prices to episodes of bigger 
depreciations is faster and more pronounced. 

Turning to the Indian context, there are a handful of studies that look at the ERPT to domestic 
prices. A majority of the studies estimate the impact on inflation measured by the wholesale price 
index (WPI), which is often treated as a proxy for the producer price index (PPI) in the case of 
India in the absence of a PPI; there are a very few studies that have estimated the impact on CPI 
inflation. Table 1 summarises the results of these studies. Importantly, Khundrakpam (2007) studies 
the ERPT to domestic prices during the post-economic reforms period (specifically, 1991-2005) 
and finds no precise evidence of a decline in the ERPT to domestic prices. The study also finds 
signs of asymmetric behaviour in pass-through between phases of appreciation and depreciation 
and also between the magnitudes of exchange rate changes. Another study by Patra, et al. (2013) 
finds that ERPT to domestic inflation has declined in the post global financial crisis period as 
compared with the pre-crisis period (Table 1). One of the recent studies by Patra, et al. (2018), 
using a dynamic stochastic general equilibrium (DSGE) model calibrated for the Indian economy 
with open economy features, looks at non-linearities and time variations/time-varying effects in 
ERPT to consumer prices in India for the period April 2005 to March 2016 and finds ERPT to be 
asymmetric with pass-through from small depreciations to be the strongest. Moreover, the paper 
also states that ERPT to inflation has moderated in the recent years with an environment of low 
inflation and declining trade openness. With regards to imported inflation and policy transmission, 
the paper indicates that non-linear and time-varying ERPT could pose challenges for monetary 
policy.

6. Also see Kiliç (2016).
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Table 1
Summary of Exchange Rate Pass-through Coefficients from

Select Studies in the Indian Context7

Study Time Period of 
Study

Price Index 
Used Exchange Rate Pass-through Coefficient

Khundrakpam 
(2007)

August 1991 to 
March 2005

WPI 10% change in exchange rate increases final prices 
by 60 basis points (bps) in short-run and 90 bps in 
long-run.

Patra and Kapur 
(2010)

Q2:1996 to 
Q3:2009

WPI 10% appreciation (depreciation) of the INR vis-à-vis 
the US$ would lower (increase) inflation by 50 bps in 
the same quarter and by 150 bps after seven quarters.

Kapur (2012); 
Kapur and 
Behera (2012)

Q2:1996 to 
Q1:2011

WPI 10% appreciation (depreciation) of INR vis-à-vis the 
US$ decreases (increases) inflation by 60 bps in the 
same quarter, while the long-run ERPT is 120 bps.

Patra, et al. 
(2013)

Q2:1996 to 
Q1:2013

WPI A 10% change in the exchange rate resulted in 1.5% 
change in prices prior to the global crisis and 1.0% 
change including post crisis period.

Ghosh and 
Rajan (2007)

Q1:1980 to 
Q4:2006

CPI Exchange rate pass-through elasticity of the INR-
US$ to CPI to be between 45% and 50% and quite 
stable over the period under consideration.

Bhattacharya, et 
al. (2008)

September 1997 
to October 2007

CPI 1% increase in exchange rate causes increase in CPI 
by 0.10-0.11% in the short-run and 0.04-0.17% in the 
long-run.

Patra, et al. 
(2018)

April 2005 to 
March 2016

CPI-C About 15% of exchange rate changes are 
cumulatively passed through to CPI inflation over a 
period of five months, with time varying parameter 
estimation increasing it to above 15% by 2013-14 
and declining since then.

Source: Report of the Expert Committee to Revise and Strengthen the Monetary Policy Framework, Reserve Bank of 
India (RBI), 2014; and author’s own findings. 

3. Stylised Facts   

Half-a-decade and more has passed since the ‘taper tantrum’. In May 2013, Ben Bernanke, 
the former Chairman of the Federal Reserve, indicated the possibility of the Federal Reserve’s 
plans to start rolling back the stimulus package of asset purchases, simply known as the programme 
of QE. Under QE, unprecedented actions were initiated by central banks and governments to 
restore normal functioning of the markets through various liquidity provision measures and to 
revive economic activity in the aftermath of the 2008 global financial crisis. Consequently, the 
announcement had an adverse impact on some of the leading emerging market economies – Brazil, 
India, South Africa, Turkey and Indonesia, later named as the ‘Fragile Five’. These economies had 
witnessed significant currency depreciations and their financial markets were hit hard (Chart 1). 

7. The studies based on CPI prior to 2018 have all used consumer price index - industrial workers (CPI-IW) as the 
measure of domestic inflation. 
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Chart 1
Exchange Rate Movements in Major EMEs

Source: CEIC database.  
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In order to address market volatility, these economies had used a range of policy measures 
including monetary, fiscal and macroprudential policies, capital flow management measures and 
interventions in the foreign exchange markets (Sahay, et al. 2014). The study also stated that EMEs 
like Brazil, India, Indonesia, Russia, South Africa and Turkey relied more on monetary policy to 
stabilise their economies. Countries that had begun their policy response as early as in May 2013 
made faster progress in reducing their macroeconomic imbalances and showed more resilience 
(particularly, India and Indonesia in early 2014). 

In the case of India, particularly, the Indian government and the RBI responded with measures 
to buffer up the foreign exchange reserves, restrict gold imports and tighten domestic liquidity 
in order to push up market interest rates in combination with monetary policy tightening. Along 
with the deterioration in the external accounts, a major drag on the economy during this time was 
inflation, which was already high and persistent in the post global financial crisis period. Following 
a drought in 2009 and global commodity price shock, inflation climbed up to double-digits and 
became generalised during this time, not to be reined by monetary policy tightening. It was at 
this juncture that the policymakers realised the need for a fundamental change in the monetary 
policy framework, which would restore the faith and credibility of the central bank. Subsequently, 
in January 2014, the RBI adopted a self-imposed target to bring down headline CPI inflation in a 
sequential manner – to 8% by end-2014, 6% by end-2015, and 5% by end-2016 – which was termed 
as the glide path for inflation (Patra, 2017). 

Since then, the Indian economy has come a long way gaining a certain degree of macroeconomic 
stability, not only supported by domestic institutional developments but also with a considerable 
measure of good luck (the plunge in international commodity prices in 2014). The Indian economy 
recorded a modest improvement in terms of overall economic growth. From 6.4% growth in gross 
domestic product (GDP) during 2013-14 (the year of taper talks), GDP growth went up to 6.7% 
in 2017-18 with more than 7.0% growth during the years in between (Chart 2). Most importantly, 
the economy recorded remarkable achievements in the domestic inflation front. From average 
CPI headline inflation numbers of 10.0% in 2012-13 and 9.4% in 2013-14, the Indian economy 
witnessed a sharp deceleration in inflation to 5.8% in 2014-15.8 In order to sustain the gains from 
disinflation, a flexible inflation targeting (FIT) monetary policy framework was formally adopted 
in May 2016, under which price stability has been mandated as the primary objective of monetary 
policy, while keeping in mind the objective of growth. Price stability has been defined in terms of 
a numerical inflation target (year-on-year change in the CPI-C series) set by the government at 4% 
with an upper tolerance level of 6% and a lower tolerance level of 2%. The disinflationary path 
endured all through the years, with inflation easing sequentially year after year to reach an average 
of 3.6% in 2017-18 (Chart 3). 

8. Headline inflation is measured by the year-on-year changes in the all India CPI-C with base year 2012=100 
released by the CSO. The back casted series is available from January 2011. Before the introduction and release 
of CPI-C by the CSO in February 2015, wholesale price index (WPI) was the only measure of prices available at 
a national level.
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Chart 2
India’s Real GDP Growth

Chart 3
India’s Inflation Scenario

Source: Central Statistics Office (CSO) under the Ministry of Statistics and Programme Implementation 
(MoSPI), Government of India (GoI); and author’s own calculations. 

However, uncertain and volatile conditions reared up subsequently. While on the domestic 
front underlying growth impulses both in manufacturing and services sectors began deteriorating, 
inflation scenario was also beginning to get clouded by upside risks with the hardening of 
international prices of crude oil and metals. Globally, crude oil prices attained their recent trough 
in January 2016 (Chart 4a).9 Since then, crude oil prices have generally been on a rising trend, 
with the price of the Indian basket crude oil clearly tracking the global oil price movements.10 On 
an average, international oil prices have increased by 45% during April-October 2018-19, with 
the rate of increase in October 2018 at a high of 185% over its January 2016 level (Chart 4b). 
Despite comfortable food prices during 2018-19, which have continued to keep overall inflation at 
moderate levels, it seems that the disinflationary trend, which the economy has experienced during 
the past 5 years, could be disturbed during 2018-19 (Appendix Table 1).11

9. Globally, average crude oil price in January 2016 was US$ 29.78 per barrel.
10. The Indian basket of crude oil represents a derived basket comprising of Sour grade (Oman and Dubai average) 

and Sweet grade (Brent Dated) of crude oil processed in Indian refineries in the ratio of 74.77:25.23 during 
2017-18.

11. Headline CPI inflation, on an average, has remained at 4.3% during April-September 2018.
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Chart 4
Crude Oil Price Movements

Source: World Bank Pink Sheet Database, Petroleum Planning and Analysis Cell, GoI; and author’s own 
calculations. 

Further, transitory impediments that came along with the implementation of the Goods and 
Services Tax (GST) in July 2017 also posed some disruptions in the economic activities. These 
events occurred in confluence with global geopolitical tensions and monetary tightening. Signals 
of uncertainty gained further momentum in 2018-19. The US Federal Reserve hiked the Federal 
Funds Rate thrice during 2018, which was virtually kept at 0% post the global financial crisis 
of 2008 in order to stimulate economic activity, with the first rate-hike done in December 2015. 
Consequently, the Indian economy witnessed a flight of foreign capital from the markets, thus, 
causing a dollar shortage and a depreciating INR vis-à-vis US$. Additionally, the European Central 
Bank (ECB) has also echoed its intention to rewind large-scale asset purchases under the QE 
programme. Along with these events, trade wars and imposition of tariffs between US and some 
of the EMEs, like Turkey and China, set forth heightened volatility across the global financial 
markets with a host of EME currencies facing intense pressures of depreciation at varying degrees 
(Chart 1). 

As compared to the situation back in 2013, the Indian economy seems to be on a comfortable 
position though, in terms of external sector indicators. The current account deficit, as a percentage 
of GDP, is presently much lower as compared with 2012-13 and 2013-14 (Chart 5). Moreover, the 
import cover of reserves also seems to be benign at present. 
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Chart 5
External Sector Indicators

Source: Database on Indian Economy, RBI. 

Nonetheless, a depreciating currency in conjunction with soaring global oil prices is something 
that is of major concern for the Indian economy in spite of a healthy macroeconomic environment. 
The INR has depreciated vis-à-vis US$ for 8 months in a row since February 2018 (Chart 6). In 
September 2018, the depreciation was to the extent of 14% over January 2018. Therefore, both the 
events together could pose major upside risks to domestic inflation. Despite the literature suggesting 
that with the adoption of IT the extent of ERPT has been declining across economies, the current 
phase of sharp depreciation of the INR has renewed concerns of the monetary policymakers as 
well as researchers about its impact on domestic inflation in India. Further, the stylised facts over 
the past 5-6 years clearly indicate that inflation has traversed through different phases (both high 
and low) accompanied by varied extents of exchange rate fluctuations. If we consider data that 
approximately cover the past two decades, we find two distinct phases of inflation – moderate and 
high – characterised by unavoidable and vivid exchange rate dynamics (Chart 7).   

Chart 6
Exchange Rate (INR/US$)

Chart 7
Movements in Inflation and Exchange Rate 

(INR/US$) in India

Source: Database on Indian Economy, RBI, MoSPI; and author’s own calculations.
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Therefore, in this regard, this paper attempts to re-examine the extent of ERPT on headline 
inflation during the previous two decades using CPI-C as the measure of domestic consumer prices. 
Using CPI-C becomes important not only because there is a dearth of literature on ERPT based 
on CPI-C (CPI-C being the new all India CPI series) but also because of the fact that under the 
FIT framework, headline inflation based on CPI-C is the nominal anchor for IT. In the backdrop 
of the previous two decades characterised by major global events like the global financial crisis 
during 2007-08, followed by QE and subsequent taper tantrum; upturn and downturn of the global 
commodity price cycles, a major decline in domestic food inflation (due to cyclical, irregular and 
various policy-related supply management measures by the government12) and changes in the 
monetary policy framework in India, the paper attempts to answer the question that whether factors 
like global demand conditions, foreign costs, domestic food price shocks, input price conditions 
and trade situation played any role in explaining inflation dynamics during this time. Further, the 
paper asks the question that whether the extent of ERPT has varied over time? In order to look 
at the time-varying nature of ERPT the study uses the rolling regression method with a recursive 
window of 3 years. Further, taking into account the fact that inflation during these years has gone 
through high and low phases characterised by considerable differences in inflation volatility, the 
paper then tries to model ERPT to inflation in a simplified regime-switching framework.13 

4. Methodology and Framework of the Model

The transmission mechanism of the pass-through of exchange rate changes into domestic 
prices generally happens in two stages (Bhattacharya, et al. 2008). In the first stage, a depreciation 
of exchange rate increases prices of imported consumption and intermediate goods. (Not to forget, 
crude oil forms a major part of India’s import basket. Around 80% of the domestic demand for 
petroleum products is met through the imports of petroleum and the petroleum oil lubricants 
products.) However, the effect is not limited to import prices only. In the second stage of pass-
through, depreciation impacts prices of domestically produced goods through supply and demand 
channels. The rise in intermediate goods prices increases costs of production and hence, prices 
of domestically produced goods. On the other hand, because of the rise in import prices, demand 
shifts to domestically produced goods, leading to further increase in domestic prices. Therefore, the 
former effect is called the first-stage pass-through, while the latter is often referred to as the second-
stage pass-through in the literature.14 Simply stated, a unit change in exchange rate can cause 
import prices to change in the first-stage, which impacts producer prices and therefore, causes a 
trickle-down impact on consumer prices in the second-stage. 

12. See Monetary Policy Report (April 2018, October 2018) and Annual Report, 2017-18, RBI.
13. In the backdrop of the taper tantrum of 2013, the literature has associated higher exchange rate volatility with 

higher ERPT and higher inflation variability (Cheikh and Rault 2015; Jasova et al. 2016). Moreover, some of 
the recent studies put forward strong evidences indicating that non-linear ERPT cannot be neglected and that 
factors like the phase of the economic cycle, changes in the monetary policy framework, pricing mechanisms, 
market structure and the composition of the import basket play a crucial role in determining the extent of ERPT 
to inflation. In this context, the recent study by Patra et al. (2018), mentioned earlier, with regard to the Indian 
case becomes noteworthy, more so because this was probably the first attempt to analyse the ERPT in India using 
the new CPI-C series. Not only that, using a time varying parameter-vector autoregression (TVP-VAR) model the 
paper documented the non-linear nature of ERPT and indicated its implications and significance in the conduct of 
monetary policy.

14. For example, in the case of India, since domestic petrol and diesel prices are deregulated, they are not only 
impacted by the changes in global crude oil prices, but also fluctuations in the exchange rate are easily transmitted 
to the domestic fuel prices. Consequently, a rise in prices of petrol and diesel, which are a part of the CPI basket, 
cause an increase in transport fares, which are again captured in the CPI.
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As proposed by Campa and Goldberg (2005), a partial equilibrium approach for empirical 
estimation of the first-stage pass-through based on a micro-founded mark-up equation has 
developed to be one of the starting points in the literature on ERPT. More recently, there have been 
major efforts that have generalised and extended the standard model (Aron, et al. 2014). Following 
Aron, et al. (2014), the reduced form of the set of equations that determine the first-stage ERPT is 
generally written as follows: 

where,  is the import price;  is the exchange rate (foreign currency per unit of domestic 
currency);  and are the costs in the exporting country and the importing country, respectively; 

 refers to the international commodity prices which affect the marginal cost of the exporter;  
and  represents demand conditions in the exporting and the importing country, respectively; ε 
is the error term; and t denotes time. Note that and   feed into the mark-ups of the exporter’s 
price in the exporting country and the producer’s price in the importing country, respectively.15 

In the stage-two of the ERPT, producer prices in the importing country can be expressed as 
the function of import prices. Further, the consumer prices in the importing country are a function 
of producer prices, which are in turn a function of import prices. Therefore, Equation 1 further 
reduces down to: 

where, is the domestic consumer price in the importing country, and  is the coefficient denoting 
the ERPT. 

Therefore, taking a cue from Patra, et al. (2018) and an earlier study by Khundrakpam (2007), 
this paper re-validates the extent of ERPT in the Indian context. The base model used for the 
analysis is as represented by Equation 2. The first stage of the analysis would be to portray the short-
run dynamics of ERPT using lagged terms of the explanatory variables under the assumption of a 
gradual adjustment of domestic prices to fluctuations in exchange rate and other control variables. 
Further, as food price dynamics is a major driver of domestic inflation in India, an explanatory 
variable on food price shock is incorporated in the model.16 Therefore, the benchmark model for 
the analysis becomes:17

where,  represents the difference operator; ni indicates the number of lags for each of the variables; 
and is the ERPT coefficient. 

15. See Aron, et al. (2014) and Patra, et al. (2018) for a detailed derivation of Equation (1).
16. The food group has a weight of 45.86% in the all India CPI-C.
17. Following Patra, et al. (2018), food price shock is defined as the excess of current food price inflation over headline 

inflation three months before. This represents the spillover of the excessive food price inflation to generalised 
inflation.   
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While the above-mentioned benchmark model is a useful way to study the extent of ERPT, 
some of the studies in the available literature have stated that there could be issues related to 
misspecification, as such a model does not take into account the possibility of long-run co-
integrating relationships between the variables (Delatte and López-Villavicencio, 2012; Aron, et 
al. 2014).

The widely used approaches for checking the existence of long-run relationship between 
any two time series variables are Engle-Granger, Johansen and auto-regressive distributed lags 
(ARDL) model, provided the variables are non-stationary.18 Therefore, in order to check for the 
existence of long-run relationships between the variables, first, unit root tests are carried out 
followed by the use of the three approaches. Having done that, the error correction term (ECM) 
obtained from the long-run relationship is incorporated in Equation 3 to avoid errors due to model 
misspecification. The lag of the ECM term is kept to be one higher than the maximum number 
of lags used for the exchange rate term. This is done to avoid any dynamic interaction of the 
exchange rate term with the ECM term. Therefore, Equation 3 augmented with the ECM term is 
as given below:

So far, the specified models indicate ERPT in a linear framework, that is whether the 
fluctuations in the exchange rate (appreciation or depreciation) have any impact on domestic prices, 
and, if so, what is the extent of the impact. The models do not tell anything about whether there 
exists any asymmetric or non-linear impact of the ERPT. In order to find that out, following the 
earlier studies, we introduce a non-linear functional form in the benchmark models. In other words, 
we incorporate quadratic and cubic exchange rate terms in Equations 3 and 4. Therefore, the non-
linear model is as follows:

 

Therefore, the exchange rate coefficients represented by and in Equation 
5 indicate the presence of non-linearity, in case they are statistically significant. The signs of 
these two coefficients will indicate whether or not non-linearity differs between appreciations and 
depreciations. Since the exchange rate is in the form of foreign currency per unit of domestic 

18. The ARDL approach is considered to be superior if the variables are not integrated of the same order.



101
    The SEACEN Centre The Impact of Exchange Rate Changes on Consumer Prices:

Evidence from India

Price-setting Behaviour and Inflation Dynamics in
SEACEN Member Economies and their Implications for Inflation

currency, an increase/decrease in the exchange rate implies appreciation/depreciation. Moreover, 
as inflation should increase with depreciation and decline with appreciation, the sign of the linear 
ERPT is expected to be negative. In case when the coefficient of the quadratic term is positive, it 
would amplify the linear term and make depreciations more inflationary, i.e. ERPT is higher in case 
of depreciation. However, if the coefficient of the cubic term is also positive, it would imply that 
ERPT associated with higher changes in the exchange rate is lower than with lower exchange rate 
changes (because there would be an offsetting impact of the coefficients on inflation).  

In the literature, a second approach using some threshold value of exchange rate change is also 
used to study the non-linearity and asymmetric impact of the ERPT.19 However, in this paper we 
do not go further in analysing the asymmetric impact of ERPT on domestic prices. Instead, we try 
to see whether ERPT has differed across time and across different phases of inflation characterised 
by regime-specific mean inflation and volatility. In order to study the time-varying nature of ERPT, 
we use the standard form of a two-state fixed transition probability Markov-switching regression 
model. The pioneering work using this framework was done by Hamilton (1989) and later discussed 
by Kim and Nelson (1999) (cited in, among others, Baharumshah, et al. 2017, and Marodin and 
Portugal, 2018).  An interesting feature of this model is that it allows for the intercept term (which 
is indicative of the mean inflation) and the error variance to switch between regimes (implying a 
heteroscedastic error term). 

The theoretical underpinning of the regime-switching models lies in the general behaviour 
of the various macroeconomic time series indicators. Over reasonable time span, macroeconomic 
variables tend to undergo changes, which may be in the form of a structural break that is generally 
due to a permanent change in the economy’s structure or changes that are temporary in nature and 
are recurrent. Therefore, the behaviour of the time series can vary across different regimes. This 
is where constant parameter time series models fail to correctly model economic developments.20 
In the context of ERPT, some of the popular approaches used in the literature to analyse the time-
varying nature of ERPT and regime-changes are by splitting the sample period or by using the 
method of rolling regression (Choudhri and Hakura, 2006; Gagnon & Ihrig, 2004; Reyes, 2007; 
and Sekine, 2006, among others). However, the demerit of such approaches is that in general they 
do not provide the specific time period of the change in the regime or the change in the exchange 
rate parameter. In contrast, in a Markov-switching regression model, the exact timing of the regime 
change can be identified, along with the transition probabilities between regimes. In case when the 
regimes are non-recurrent, the Markov-switching regression model can identify structural breaks 
in the series. 

There are a handful of studies some of which have modeled exchange rate dynamics using the 
Markov-switching regression framework (Goutte and Zou, 2012; Mendy and Widodo, 2018); and 
there are some studies that have modeled ERPT to domestic prices using the same (Khemiri and 
Ali, 2012; Baharumshah, et al., 2017; Baharumshah and Soon, 2017; and Marodin and Portugal, 
2018). In the Indian context, it would be interesting to see how the ERPT has evolved during 
different inflation regimes and what has been the duration of such regimes along with the transition 
probabilities between them. Further, in the context of the recent phase of currency depreciation, 
it would be interesting to see whether the framework indicates any turning point in the inflation 
dynamics due to such an event and whether the transition probability is significant (closer to 1).   

19. See Pollard and Coughlin (2003); Khundrakpam (2007); and Patra, et al. (2018) for such an analysis.
20. See Piger (2007) for a detailed review of the regime-switching models. 
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The representation of such a model can be as follows:

Suppose that the probability of a variable St assuming some particular value j, depending only 
on the previous value St-1, is given by the following equation:

The process represented by Equation 6 is described as a Markov chain with M-states where 
Pij is the probability of the state i given state j. For the purpose of simplification, if we consider two 
regimes, then the probability of transition to the next regime relies only on the current regime. Thus, 
the regime changes are assumed to be the outcome of an unobserved, discrete, random variable, 
called the state variable, which is further assumed to follow a Markov process. In the current 
framework of the paper, we model inflation to follow two regimes (high and low), keeping in mind 
the historical trends of domestic inflation in India. Moreover, it is a commonly applied technique in 
the literature to model the dynamics of a macroeconomic variable into two regimes where switches 
between them are based on a probabilistic process (Piger, 2007; Khemiri and Ali, 2012).

5. Data and Results

5.1 Linear ERPT

In order to re-estimate the extent of linear ERPT on domestic consumer prices, the paper uses 
data covering the period from April 2004 to September 2018. The model estimation framework is 
as specified in Section 4 of the paper. The study uses domestic consumer prices as measured 
by the CPI-C published by the CSO under the MoSPI, GoI. The exchange rate (e) is represented 
by the 36-country nominal effective exchange rate (NEER) series (based on trade-based weights) 
published by the RBI. The indicator of foreign price/cost conditions has been constructed as:   = 
NEER*CPI-C/REER, where REER is the RBI’s 36-country real effective exchange rate (REER). 
Domestic demand  is proxied by the CSO’s quarterly real GDP series.21 In order to incorporate 
domestic costs ( ) in to the model, both industrial input costs based on wholesale price index 
(WPI) which is published by the Office of the Economic Advisor, Ministry of Commerce and 
Industry, GoI, and Markit’s manufacturing input cost indicator based on the purchasing managers’ 
index (PMI) were used interchangeably.22 In order to incorporate foreign demand conditions ( ) in 
to our model, index of industrial production (IIP) of the OECD countries available from the OECD 
statistics has been used. International commodity prices ( ) have been proxied by the global 
average crude oil prices available from the World Bank Pink Sheet database. As indicated earlier, 
the variable on food price shock has been constructed as the difference in food inflation at time 
period t over headline inflation three months before. 

21. Using the Denton method on the seasonally adjusted index of industrial production (IIP) of the CSO (taking 
average IIP as the indicator), the quarterly real GDP series at market prices was converted to a monthly series. 
However, the variable when used in the regression models turned out to be statistically insignificant throughout 
and therefore, were dropped from the estimation. This is in contrast to the results obtained by Patra, et al. (2018). 
However, for similar results pertaining to this study, see Mihaljek and Klau (2008), and Baharumshah and Soon 
(2017).  

22. However, none of these variables turned out to be statistically significant in the regression models and therefore, 
were dropped.
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Variables were converted into their natural logarithms and were seasonally adjusted by the 
US Census Bureau X-13 ARIMA programme. The lag selection in the overall model has been 
done by re-running the model more than a time while testing for the statistical significance of the 
variables and at the same time checking through the Schwarz Criterion (SC), Akaike Information 
Criterion (AIC), and the Hannan-Quinn Criterion (HQC). However, the numbers across the three 
criteria showed very less variations. Two models were considered; one, where the summation of the 
exchange rate coefficients go up to the fourth lag and two, where the summation of the exchange rate 
coefficients go up to the twelfth lag (to denote a year). In case of the variables representing global 
demand conditions and foreign cost conditions, lag length beyond 1 were found to be statistically 
insignificant and hence, were not considered in the model estimation. All the variables, except food 
price shock, are stationary at first differences (Appendix Table 2). 

Tables 2 and 3 given below present the estimate of ERPT based on the benchmark model 
(represented by Equations 3 and 4). The results show that foreign costs, global demand conditions 
and food price shock are statistically significant determinants explaining the changes in domestic 
consumer prices in India. The results also indicate that the ERPT accumulated over the duration 
of four months is 0.09 (same across all model specifications), i.e. about 10% of the changes in the 
exchange rate are cumulatively passed through to the changes in CPI-C, while over a duration of 
12 months the cumulative pass-through is around 20%. 
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Table 2
Average ERPT Estimates – Specification 1

Dependent Variable D(log(CPI-C))
Johansen23  ARDL24 Food shock25 Breusch26 Breusch Pagan27

Variables
Benchmark

(1)
Engle-Granger

(2)
Johansen23

(3)
ARDL24

(4)

Constant
0.003***

(4.12)
0.003***

(3.91)
0.003***

(4.08)
0.0001
(0.13)

-0.09**
(-2.42)

-0.09***
(-2.62)

-0.09**
(-2.44)

-0.09**
(-2.41)

0.67**
(2.37)

0.67**
(2.32)

0.69**
(2.44)

0.72***
(2.66)

0.10
(1.39)

0.25***
(2.75)

0.18**
(2.55)

0.16**
(2.15)

Food shock25
0.0005***

(4.31)
0.0005***

(4.55)
0.0005***

(4.75)
0.0005***

(4.63)

ECM(-5)
-

-0.07***
(-4.23)

-0.06***
(-4.33)

-0.06***
(-4.39)

Adj. R2 0.21 0.28 0.30 0.31

DW Statistic 1.68 1.84 1.91 1.96

F Statistic
12.49***
[0.000]

14.23***
[0.000]

15.04***
[0.000]

16.23***
[0.000]

Breusch Godfrey 
LM Test26

Prob 
[chi2(4)]=0.02

Prob 
[chi2(5)]=0.01

Prob 
[chi2(5)]=0.00

Prob 
[chi2(5)]=0.00

Breusch Pagan 
Godfrey Test27

Prob 
[chi2(4)]=0.02

Prob 
[chi2(5)]=0.06

Prob 
[chi2(5)]=0.00

Prob 
[chi2(5)]=0.00

No. of observations 169 169 168 169

Note: ***, **, and * indicate 1%, 5% and 10% levels of significance, respectively. Figures in ( ) indicate t-statistics 
and figures in [ ] indicate P-values. 

23. Johansen Approach is preferable when all the variables are integrated of order 1, i.e. I(1).
24. ARDL approach gives better results when variables are of different orders like I(0) and I(1). ARDL approach 

indicates that CPI is determined by the other three variables in the long run.
25. Food shock was not included while checking for the long-run relationship.
26. Null Hypothesis: Absence of serial correlation.
27. Null Hypothesis: Absence of heteroscedasticity.
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Table 3
Average ERPT Estimates – Specification 2

Dependent Variable D(log(CPI-C))

Variables
Benchmark

(1)
Engle-Granger

(2)
Johansen

(3)
ARDL

(4)

Constant
0.003***

(3.72)
0.004***

(3.74)
0.003***

(4.21)
0.0003
(0.25)

-0.20***
(-3.80)

-0.21***
(-4.09)

-0.18***
(-3.62)

-0.20***
(-3.73)

0.77***
(2.79)

0.72**
(2.47)

0.69**
(2.55)

0.77***
(2.96)

0.13*
(1.69)

0.12*
(1.67)

0.08
(1.17)

0.07
(-0.95)

Food shock
0.0005***

(4.33)
0.0005***

(4.78)
0.0005***

(5.18)
0.0005***

(5.09)

ECM(-13)
-

-0.06***
(-3.51)

-0.05***
(-3.26)

-0.05***
(-3.96)

Adj. R2 0.25 0.32 0.31 0.33

DW Statistic 1.71 1.88 1.94 1.92

F Statistic
14.58***
[0.000]

15.89***
[0.000]

14.97***
[0.000]

16.59***
[0.000]

Breusch Godfrey 
LM Test

Prob 
[chi2(5)]=0.02

Prob 
[chi2(5)]=0.00

Prob 
[chi2(5)]=0.00

Prob 
[chi2(5)]=0.00

Breusch Pagan 
Godfrey Test

Prob 
[chi2(5)]=0.00

Prob 
[chi2(5)]=0.00

Prob 
[chi2(5)]=0.00

Prob 
[chi2(7)]=0.01

No. of observations 161 161 160 161

Note: ***, **, and * indicate 1%, 5% and 10% levels of significance, respectively. Figures in ( ) indicate t-statistics 
and figures in [ ] indicate P-values. 
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Co-integration tests using the three approaches, viz. Engle-Granger, Johansen and ARDL 
model were conducted in order to find out whether there exists any long-run relationship between 
the variables. Indeed, it was found that co-integrating relationships are present between CPI, global 
demand conditions and foreign costs (Appendix Table 3). Therefore, in order to avoid model 
misspecification errors, the benchmark model is augmented with the ECM terms obtained from the 
three alternative methods of co-integration. The results presented in Tables 2 and 3 show that the 
coefficients of the ECM term are statistically significant in all the specifications with the desired 
negative sign. Also, we do not find any evidence of a major improvement in the model specification 
as per the model robustness indicators, although there is a marginal improvement in the model fit (as 
indicated by the Adjusted R-Square values). Nonetheless, foreign costs, global demand conditions 
and food price shock continue to appear statistically significant determinants of changes in CPI and 
the ERPT coefficient witnesses a rise in the 12-month horizon. 

A major drawback of the single equation linear ERPT estimates is that the model specification 
does not take into account the dynamic adjustment of prices and the exogeneity of the exchange 
rate fluctuations. Therefore, following Patra, et al. (2018), this study uses a simplified framework 
of a three-variable structural vector auto regression (SVAR) model to validate the linear estimates 
of ERPT. While in the linear regression models, domestic demand condition was not found to 
be statistically significant, which is not on the expected lines, in this framework, we consider 
it as the exogenous variable with the assumption that domestic output growth does not respond 
immediately to changes in exchange rate and consumer prices. In addition, it is also assumed 
that output growth and exchange rate movements impact prices contemporaneously. Therefore, 
based on these assumptions, the ordering of the variables in the SVAR model is: {  
and the assumptions are applied to the structural identification of the model. The model was also 
augmented with a monetary policy variable, proxied by the weighted average call money rate 
(WACMR) with the assumption that domestic output growth and movements in exchange rate and 
consumer prices impact WACMR via the monetary policy decision, thereby representing the SVAR 
variables ordering as follows: { . However, the results obtained from the 2 
model specifications did not differ. Therefore, here we present the results from the second SVAR 
model. 

The results of the model are presented in Chart 8. The graphs indicate that the structural 
impulse response function of a ± 2 standard error shock in exchange rate is statistically significant 
during the first 3 months. The accumulated responses turn out to be around 16% during the first 
two months and then reduce to around 13% at the end of the 12 months horizon. The estimates are 
more or less in line with the linear ERPT estimates. In order to check the SVAR model robustness, 
the Lagrange Multiplier (LM) test for serial correlation was conducted and it turned out to be 
satisfactory (Appendix Table 4). Further, the inverse roots of the AR characteristic polynomial 
remained within the unit circle, thus, confirming the stability condition of the model (Appendix 
Chart 1). 
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Chart 8
Results of the SVAR Model – Impulse Response Functions of CPI-C from a ± 2 Standard 
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5.2 Non-Linear and Asymmetric ERPT  

In order to estimate the non-linearity in ERPT, quadratic and cubic exchange rate terms are 
introduced in the model as per the specification given in Equation 5. The results are presented 
in Tables 4 and 5 below.  Only the coefficients associated with the quadratic terms are found to 
be statistically significant in all the models. Also, across models the coefficients of the quadratic 
term have a positive sign. Again, we do not find any major improvement in the robustness of the 
models. Since the coefficient of the quadratic term is positive, it implies that it would amplify the 
linear term and make depreciations more inflationary, i.e. ERPT is higher in case of depreciation. 
While the coefficients of the cubic terms are positive and much higher in magnitude across the four 
alternative model specifications, they do not turn out to be statistically significant. The accumulated 
ERPT over a duration of four months is around 8% and that for 12 months is around 17%, which is 
in line with the earlier linear model specifications.
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Table 4
Non-Linear Estimates of Average ERPT – Specification 1

Dependent Variable D(log(CPI-C))

Variables
Benchmark

(1)
Engle-Granger

(2)
Johansen

(3)
ARDL

(4)

Constant
0.003***

(3.25)
0.003***

(3.24)
0.003***

(3.33)
0.000
(-0.09)

-0.07*
(-1.76)

-0.08**
(-2.04)

-0.08*
(-1.88)

-0.08*
(-1.87)

3.17**
(2.52)

2.31*
(1.76)

2.67**
(2.17)

2.43**
(2.06)

38.82
(1.19)

31.51
(0.95)

36.38
(1.14)

33.21
(1.09)

0.66**
(2.33)

0.67**
(2.30)

0.68**
(2.41)

0.71***
(2.62)

0.12
(1.57)

0.25***
(2.69)

0.20***
(2.66)

0.18**
(2.25)

Food shock
0.0005***

(4.27)
0.0004***

(4.53)
0.0005***

(4.75)
0.0005***

(4.62)

ECM(-5)
-

-0.06***
(-3.77)

-0.06***
(-4.05)

-0.05***
(-4.04)

Adj. R2 0.23 0.29 0.30 0.32

DW Statistic 1.72 1.85 1.93 1.94

F Statistic
9.40***
[0.000]

10.63***
[0.000]

11.45***
[0.000]

12.17***
[0.000]

Breusch Godfrey 
LM Test

Prob 
[chi2(6)]=0.00

Prob 
[chi2(7)]=0.00

Prob 
[chi2(7)]=0.00

Prob 
[chi2(7)]=0.00

Breusch Pagan 
Godfrey Test

Prob 
[chi2(6)]=0.00

Prob 
[chi2(7)]=0.02

Prob 
[chi2(7)]=0.00

Prob 
[chi2(7)]=0.00

No. of observations 169 169 168 169

Note: ***, **, and * indicate 1%, 5% and 10% levels of significance, respectively. Figures in ( ) indicate t-statistics 
and figures in [ ] indicate P-values. 
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Table 5
Non-Linear Estimates of Average ERPT – Specification 2

Dependent Variable D(log(CPI-C))

Variables
Benchmark

(1)
Engle-Granger

(2)
Johansen

(3)
ARDL

(4)

Constant
0.003***

(3.05)
0.003***

(3.10)
0.003***

(3.47)
0.00

(-0.07)

-0.17***
(-2.89)

-0.19***
(-3.24)

-0.16***
(-2.82)

-0.17***
(-3.00)

2.53**
(2.18)

2.54**
(2.16)

2.73**
(2.32)

2.43**
(2.15)

33.56
(1.17)

37.66
(1.31)

40.83
(1.39)

36.52
(1.31)

0.76***
(2.76)

0.71**
(2.45)

0.68**
(2.52)

0.76***
(2.95)

0.14*
(1.73)

0.13*
(1.75)

0.10
(1.28)

0.08
(1.06)

Food shock
0.0005***

(4.27)
0.0004***

(4.84)
0.0005***

(5.20)
0.0005***

(5.08)

ECM(-13)
-

-0.06***
(-3.48)

-0.05***
(-3.21)

-0.05***
(-3.87)

Adj. R2 0.26 0.32 0.31 0.33

DW Statistic 1.71 1.88 1.95 1.92

F Statistic
10.34***
[0.000]

11.95***
[0.000]

11.42***
[0.000]

12.40***
[0.000]

Breusch Godfrey 
LM Test

Prob 
[chi2(6)]=0.00

Prob 
[chi2(7)]=0.00

Prob 
[chi2(7)]=0.00

Prob 
[chi2(7)]=0.00

Breusch Pagan 
Godfrey Test

Prob 
[chi2(6)]=0.01

Prob 
[chi2(7)]=0.01

Prob 
[chi2(7)]=0.00

Prob 
[chi2(7)]=0.02

No. of observations 161 161 160 161

Note: ***, **, and * indicate 1%, 5% and 10% levels of significance, respectively. Figures in ( ) indicate t-statistics 
and figures in [ ] indicate P-values. 
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5.3 Time-varying Nature of ERPT  

Data on the movements in exchange rate and inflation during the past 18 years show that 
both of these macroeconomic indicators have traversed through diverse phases (Charts 9 and 10). 
In case of inflation, we can clearly demarcate phases when inflation remained moderate and phases 
when it surged significantly. Further, patterns in inflation volatility also differed considerably 
across years. The literature provides ample evidence of higher exchange rate volatility associated 
with high ERPT and higher inflation volatility (Cheikh and Rault 2015; Jasova, et al. 2016). 
Therefore, in this context it becomes interesting to find out what has been the situation in the case 
of India. 

Chart 9
Movements in Exchange Rate (INR/US$) and Exchange Rate Volatility

Note: Exchange rate volatility has been measured using standard deviation of exchange rate. Source: Database 
on Indian Economy, RBI, and author’s own calculations.
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Chart 10
Movements in Inflation and Inflation Volatility

Note: Inflation volatility has been measured using standard deviation of monthly inflation. Source: MoSPI; 
and author’s own calculations.

In order to see the time-varying nature of ERPT, we first employ the method of rolling 
regression using a recursive window of 36 months. We assume that this is a reasonably long 
duration to show up some diverse movements in inflation as well as the exchange rate, also because 
these variables are often affected by supply related shocks and geo-political events which are quite 
frequent in nature. The control variables remain the same as in the linear and non-linear ERPT 
presented earlier, while auto regressive terms of domestic prices with four lags are incorporated to 
take into account the intrinsic persistence of inflation (Patra, et al. 2013-14). The estimates of the 
ERPT from the rolling regression models are presented in Chart 11 below.28

28. Estimates of ERPT under this framework using different recursive windows and lags of CPI-C also produced 
similar trends. 
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Chart 11
Time-varying Nature of ERPT in a Rolling Regression Framework 

Dependent Variable D(log(CPI-C))

Note: The black dotted lines indicate 95% confidence intervals. Chart (a) is the result obtained from the linear 
model of ERPT, while Charts b1, b2, and b3 are the results obtained from the non-linear model of ERPT. 

The rolling coefficients of ERPT estimates indicate that over the years ERPT has declined 
from a maximum of around 13% (in case of the linear ERPT model), or 24% (in case of the non-
linear ERPT model) in 2010-11 to around 7% (based on the linear ERPT model), or 13% (based on 
the non-linear ERPT model) in the more recent years (Chart 11; Table 6). The estimates also show 
that, as compared to the years of taper tantrum, ERPT of late has moderated marginally (as per the 
coefficients based on the non-linear ERPT model). Nonetheless, the results definitely indicate that 
during 2008-09 to 2012-13 the extent of ERPT was much higher possibly due to the global financial 
crisis and its aftermath. As indicated earlier, ERPT estimates based on rolling regression techniques 
do not exactly specify the time period of the change in the pass-through estimate, or how it differs 
between high and low inflation years, or whether a phase of major exchange rate fluctuation is a 
cause of worry from the point of view of inflation.
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Table 6
Average ERPT Coefficients from the 

Rolling Regression Models

Year Linear Model Non-linear Model

2007-08   -0.09 -0.07

2008-09   -0.12 -0.23

2009-10   -0.12 -0.23

2010-11   -0.13 -0.24

2011-12   -0.10 -0.19

2012-13   -0.08 -0.16

2013-14   -0.07 -0.13

2014-15   -0.07 -0.14

2015-16   -0.07 -0.13

2016-17   -0.07 -0.13

2017-18   -0.07 -0.13

2018-19 
(April-September)

-0.07 -0.11

Note: These results are derived from Chart 11.

Therefore, in order to model regime changes in inflation and the corresponding ERPT 
estimates, we use a standard two-state fixed transition probability Markov-switching regression 
model. We assume that during the past 20 years or so, inflation has majorly trodden through two 
distinct phases – high and low. In this framework while modeling for the ERPT, we control for food 
price shock, while other explanatory variables (foreign costs and global demand indicator) have 
been dropped as their coefficients turned out to be statistically insignificant. We consider exchange 
rate as the regime-switching regressor and allow for mean inflation (measured as the seasonally 
adjusted annualised rate of inflation (CPI-SAAR)) to vary across the regimes; while changes in food 
price shock and one period lagged inflation are incorporated as the non-switching regressors in the 
model. The reason behind using CPI-SAAR as the dependent variable is because in this framework 
the aim is to model inflation as against monthly changes in CPI-C. In addition, we allow for regime 
dependent error variances; thereby relaxing the assumption of homoscedastic error variance. In order 
to have a larger sample period beginning 2001 (so that the inflation and exchange rate dynamics are 
carefully integrated into the model), we consider INR/US$ (units of INR per one US$) exchange 
rate in this framework (in the earlier models we had a restricted time period beginning from April 
2004 on account of the data limitations related to the various macroeconomic indicators). We first 
carry out the Brock, Dechert and Scheinkman (BDS) test for linear independence for inflation and 
the test results reject the null hypothesis of linear independence (Table 7).   
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Table 7
The BDS Test for Non-Linearity29

Dimension BDS Statistic Std. Error z-Statistic Normal Prob. Bootstrap Prob.
 2  0.032  0.006  5.45  0.0000  0.0000
 3  0.050  0.009  5.33  0.0000  0.0000
 4  0.052  0.011  4.64  0.0000  0.0000
 5  0.051  0.012  4.38  0.0000  0.0000
 6  0.048  0.011  4.29  0.0000  0.0008

 Therefore, we now proceed with the Markov-switching regression model. The results of the 
model indicate that Regime 1 is the low inflation regime with a mean inflation much lower than in 
Regime 2, which is the high inflation regime and the coefficients are statistically significant (Table 
8). Further, Regime 1 is characterised by low volatility with the ERPT coefficient at 11% which is 
much lower than the ERPT coefficient in Regime 2 (20%). Note that the pass-through coefficients 
are very much in line with the earlier estimates from the linear and non-linear model specifications; 
the difference being that in the previous case we were not able to separate out the impact during 
a high inflation regime vis-à-vis a low inflation regime. Additionally, if we look at the common 
parameters, then both changes in food inflation shock and the one period lagged inflation have 
turned out to be statistically significant. The coefficient associated with the lagged inflation is 
usually treated as the intrinsic persistence measure.  
   

Table 8
Results of the Markov-switching Regression Model 

Dependent Variable CPI-SAAR

Variable Coefficient Std. Error Z -Statistic Prob.  
Regime 1

D(INR-US$ exchange rate) 11.37 4.18 2.72 0.0065
C 0.99 0.13 7.51 0.0000
SIGMA 0.71 0.10 -3.37 0.0008

Regime 2
D(INR-US$ exchange rate) 19.79 8.26 2.40 0.0166
C 1.47 0.26 5.58 0.0000
SIGMA 1.73 0.13 4.26 0.0000

Common
D(Foodshock) 0.21 0.03 7.11 0.0000
CPI_SAAR(-1) 0.19 0.09 2.15 0.0316

Transition Matrix Parameters
P11-C 2.74 0.67 4.10 0.0000
P21-C -1.94 0.69 -2.82 0.0048

DW Statistic: 2.10; Log likelihood: -312.96; No. of observations: 211

29. Null Hypothesis: series is linearly independent.
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What is important to look at in such a modeling framework is the transition probabilities 
between regimes and their expected durations (Table 9).30 The results indicate that the low inflation 
regime (Regime 1) has a longer expected duration of around 17 months and is therefore, more 
stable as compared with the high inflation regime (Regime 2). Also, the transition probability of 
a regime switch from 2 to 1 is much higher as compared to the transition probability of a regime 
switch from 1 to 2, which definitely is indicative of lesser risk in terms of inflation. The same is 
also indicated by the negative coefficient of the transition matrix parameter P21-C in Table 8. The 
negative sign implies that exchange rate changes have an important role to play in determining 
inflation dynamics and also the switch from the low inflation regime to the high inflation regime. 
Further, in order to check the robustness of the model the Wald test was carried out with the null 
hypothesis that the coefficients of ERPT in both the regimes are equal to zero. The results of the 
test indicate the rejection of the null hypothesis (Appendix Table 5). Further, a test for redundant 
variables in the model was carried out and the results indicated that changes in food price shock, 
which is used as a common non-switching regressor in the model, is not a redundant variable 
(Appendix Table 6).
   

Table 9
Constant Transition Probabilities Matrix

 1  2

 1 0.94 0.06

 2 0.13 0.87

Constant Expected Durations

 Regime 1 Regime 2

Months 16.5 8.0

Since Regime 2 is the high inflation state, we look at the Markov-switching filtered regime 
probabilities in case of Regime 2 (Chart 12) and we find that the model has been fairly able to 
identify the turning points in inflation during the past 17 years and their durations accompanied 
by exchange rate depreciations. The years shaded in light blue indicate the major turning points 
with transition probabilities very close to 1 or equal to 1. Therefore, in comparison to the past the 
recent sharp depreciation in exchange rate during 2018 (shaded in pink in Chart 12) has not been 
identified as a major turning point in inflation dynamics. 

30. Transition probabilities are denoted by P(S(t)), where P represents probability; S represents state/regime; and t 
represents the particular regime (Regime 1/Regime 2). 
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Chart 12
Markov Switching Filtered Regime Probabilities
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Chart 12: Markov Switching Filtered Regime Probabilities

Also, the concentration of the regime probabilities around 1 or 0 (Charts 12 and 13) allows for 
the plausible identification of the high and low inflation regimes and therefore, confirm the usefulness 
of the model. Moreover, the smoothed regime probabilities plotted in Chart 13 for Regime 2 also 
indicate that the recent phase of currency depreciation has not been a major turning point, as seen 
in the past, like during the global financial crisis and the subsequent years (roughly around 2007-
2011) and during the years of taper tantrum (2013-14). However, the filtered probability associated 
with Regime 2 for the current phase of depreciation is much higher as compared to the smoothed 
regime probability.31 The smoothed probabilities indicate that inflation in the past 17 years has 
been mostly characterised by low/moderate inflation regime (Regime 1) and of course, for the very 
recent period, specifically since 2014, the model indicates a near absence of high inflation as was 
witnessed in the past. Chart 14 presents a picture of actual inflation outcomes juxtaposed on the 
smoothed probabilities of high inflation regime.

31. As stated in Calvet and Fisher (2008), filtered probabilities are useful in forecasting exercise, while smoothed 
probabilities generally provide an ex-post analysis of the data (Goutte and Zou, 2012). 
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Chart 13
Smoothed Regime Probabilities

Markov Switching Smoothed Regime Probabilities
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Chart 14
Smoothed Probabilities for High Inflation Regime vis-a-vis Actual Inflation
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6. Conclusion  

The paper presents the extent of ERPT to domestic prices in the context of India using the all 
India CPI-C series as the measure of domestic consumer prices. To the best of our knowledge, this 
would be the second paper after Patra, et al. (2018) studying the ERPT using CPI-C (CPI-C being 
the new all India consumer price index). The importance of ERPT to domestic prices arises from 
the fact that its degree matters for the efficient and smooth conduct of monetary policy. Importantly, 
in an inflation targeting monetary policy framework as the extent of ERPT is expected to decline, 
any sudden fluctuation in exchange rate can be a major cause of worry towards containing inflation 
within the target band. 

The recent phase of currency depreciation in the EMEs, particularly from the beginning of 
2018, has caused renewed concerns on the extent of ERPT to domestic prices. In this context, this 
paper re-visits the question that often bothers monetary policymakers and researchers whether 
changes in exchange rate and inflation dynamics has impacted the extent of ERPT. The paper finds 
that the ERPT accumulated over the duration of four months is around 10%, which implies that 
around 10% of the changes in the exchange rate are cumulatively passed through to the changes 
in CPI-C, while over a duration of 12 months the cumulative pass-through is 17-20%. Moreover, 
against the backdrop of the previous two decades characterised by major global events like the 
global financial crisis during 2007-08 (which had a significant impact on global growth conditions), 
followed by QE and subsequent taper tantrum; upturn and downturn of the global commodity price 
cycles, a major decline in domestic food inflation and institutional changes in the monetary policy 
framework in the domestic arena with the adoption of FIT, the paper shows that factors like global 
demand conditions, foreign costs and domestic food price shocks have played an important role in 
explaining the inflation dynamics. 

Further, the paper also investigates the time-varying nature of ERPT. Using a Markov-
switching regression framework, the paper answers the question whether ERPT has been different 
during high and low inflation phases. In this regard, the paper finds that the lower inflation regime 
in India is also characterised by low volatility with the ERPT coefficient at 11% which is much 
lower than the ERPT coefficient in the high inflation regime (20%). Additionally, the study finds 
that the one period lagged inflation and changes in food inflation shock are crucial determinants of 
inflation dynamics. Using transition probabilities, major turning points in inflation scenario were 
identified during the period of analysis (January 2001-September 2018). Further, using rolling 
regression methods the study shows that the average extent of ERPT had been significantly higher 
during 2008-09 to 2012-13, thereafter witnessing considerable moderation. However, the study has 
not explicitly associated/shown this moderation in ERPT to the implementation of FIT in India, 
which was formally adopted in 2016, which could be another interesting area of research.
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    Appendix

Appendix Table 1
All India Consumer Price Index Combined and Annual Average Inflation

Major Components Weights 2012-13 2013-14 2014-15 2015-16 2016-17 2017-18
2018-19 
(April-

September)

Food and beverages 45.86 11.2 11.9 6.5 5.1 4.4 2.2 1.8

Pan, tobacco and 
intoxicants 2.38 11.0 9.1 8.1 9.3 6.8 6.9 6.8

Clothing and footwear 6.53 12.2 9.3 7.3 5.8 5.0 4.7 4.9

Housing 10.07 9.5 7.0 5.9 4.9 5.2 6.5 7.8

Fuel and light 6.84 9.7 7.7 4.2 5.3 3.3 6.2 7.4

Miscellaneous 28.32 8.1 6.5 4.6 3.7 4.5 3.8 5.7

All Groups 100.00 10.0 9.4 5.8 4.9 4.5 3.6 4.2
Source: CSO, GoI; and author’s own calculations. 

Appendix Table 2
Results of the Unit Root Tests 

Variables

Augmented Dickey Fuller Test 
Statistic

Phillips-Perron 
Test Statistic

Log X 𝝙 Log X Log X 𝝙 Log X

CPI-Combined -0.09 -11.26*** -0.0003 -11.24***

CPI-Miscellaneous

CPI-Transport fuels

NEER -0.78 -10.15*** -0.72 -10.06***

Foreign costs -2.59 -6.81*** -2.10 -10.90***

IIPOECD -1.88 -5.25*** -1.31 -9.69***

Food shock -4.29*** _ -5.07*** _

INR-US$ exchange rate -0.05 -9.75*** 0.22 -9.87***

CPI-SAAR -11.23*** _ -11.21*** _

Domestic input costs (based 
on WPI) -1.24 -10.15*** -1.29 -10.21***

Trade to GDP ratio -1.26 -19.01*** -1.34 -19.01***

Global crude oil price -1.81 -11.32*** -1.85 -11.40***

Note: ***, **, and * indicate 1%, 5% and 10% levels of significance, respectively. All series used in the 
analysis were seasonally adjusted using US Census Bureau X-13 method. 
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Appendix Table 3
Estimated Long-run Relationships

Variables Engle-Granger ARDL Johansen

Constant -1.89***
(-6.16)

-0.78
(-1.07)

1.24
(n.a.)

NEER -0.43***
(-12.25)

-0.37***
(-4.51)

-0.39***
(6.65)

Foreign costs 1.68***
(50.82)

1.80***
(23.38)

1.74***
(-32.84)

IIPOECD 0.25***
(5.50)

-0.16
(-1.20)

0.005
(0.08)

Note: ***, **, and * indicate 1%, 5% and 10% levels of significance, respectively. All the series 
used in the analysis were in their logarithmic forms and seasonally adjusted using US Census 
Bureau X-13 method. Both Augmented Dickey-Fuller and Phillips-Perron tests showed the 
residual of the long-run estimate under Engle-Granger test to be stationary. The F-statistic for 
ARDL Bounds Test turned out to be 12.75, statistically significant at 1% level of significance, thus 
indicating the presence of long-run relationship between the variables. Using Johansen’s method, 
both the trace and eigen value tests showed the presence of two co-integrating relationships.

Appendix Table 4
VAR Residual Serial Correlation LM Test

Null Hypothesis: No Serial 
Correlation at Lag h

Null Hypothesis: No Serial 
Correlation at Lags 1 to h

Lag LRE* stat Prob. LRE* stat Prob.

1  11.93  0.22  11.93  0.22

2  10.05  0.35  17.85  0.47

3  9.84  0.36  25.89  0.52

4  12.21  0.20  32.64  0.63

5  6.03  0.74  44.99  0.47

6  14.65  0.10  56.26  0.39

7  7.31  0.60  69.64  0.26

8  7.66  0.57  80.41  0.23

9  5.52  0.79  87.39  0.29

10  7.69  0.57  92.52  0.41

11  19.07  0.02  107.62  0.26

12  14.44  0.11  120.19  0.20

Note: * indicates Edgeworth expansion corrected likelihood ratio statistic.
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Appendix Chart 1
SVAR Stability Condition

Inverse Roots of AR Characteristic Polynomial
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Appendix Table 5
Results of the Wald Test

(Null Hypothesis: Coefficient of INR-US$ exchange rate in Regime 1 
= Coefficient of INR-US$ exchange rate in Regime 2 = 0)

Test Statistic Value Prob.

F-statistic (2, 201) 6.08 0.00

Chi-Square (2) 12.17 0.00

Appendix Table 6
Results of the Redundant Variables Test

(Null Hypothesis: Food shock is a Redundant Variable)

Test Statistic Value Prob.

Likelihood Ratio (1) 47.36 0.00




