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STUDY ON THE IMPACT OF E-COMMERCE
DEVELOPMENT ON INFLATION IN THE EURO AREA

M.V. Kulakov, A.A. Vinogradov
Lomonosov Moscow State University, Moscow, Russian Federation

This article explores the impact of e-commerce development on inflation in the euro area. Low
inflation in the euro area has been a concern for policymakers since the global economic crisis.
Economic growth and inflation have recovered in many countries, but in the euro area, growth has
remained sluggish and inflation low. As a result, to reach its inflation target the European Central Bank
cut its policy rate to zero and implemented several non-standard monetary measures. The possible
cause of the disinflation could be digitalization and e-commerce development. With the development
of digital technology and the internet, company competition may increase, and costs will decrease.
The main hypothesis of the study is that the developing e-commerce sector may channel into lower
consumer inflation. The e-commerce development was measured by two indicators, namely a share
of online purchases by individuals and a share of purchases by enterprises via a computer network. To
evaluate the impact of e-commerce, a panel database on 19 euro area countries was compiled. Initially,
a cross country analysis shows no negative relationship between e-commerce development measures
and inflation. However, a basic linear panel model with fixed effects and a panel vector autoregression
showed negative impact of e-commerce development and digitalization on inflation. As a result of a
panel analysis, the hypothesis of the disinflationary impact of e-commerce was generally confirmed.
However, given a weak relationship between e-commerce development and inflation in a basic cross-
country analysis, the negative relationship was likely attributable to the ongoing upward e-commerce
development trend. The trend has a natural cap of 100%, meaning that this disinflationary factor will
eventually fade away. For many countries, in 2019, the share of online purchases by the population
was below 50%. Should the trend stop, inflation in the euro area may accelerate. Among other factors
hindering the e-commerce development and digitalization are tighter information technology regulation
and worsening international trade relations.
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UCCNEOOBAHME B/IUAHUA PA3SBUTUA DJIEKTPOHHOM
TOPIrosJ/iu HA UHONAUUIO B 30HE EBPO

Kynakoe M.B., BuHorpagor A.A.

MOCKOBCKWIA FOCYapCTBEHHBIN YHUBEPCUTET UM. M.B. JlToMOHOCOBa,
MockBa, Poccuiickas Genepauus

B cratbe paccMaTpuBaeTcsl BIUSHUE Pa3BUTHUS 3JEKTPOHHON KOMMEPIMM Ha WHOISILINAIO B
30He eBpo. Huskasg mHmsAIMSA B 30He eBpo ObLIa IpoOJeMOi IS MUPOBOM 3KOHOMUKU IIOCIIE
100aJIbHOTO KOHOMUYECKOIro KpM3uca. DKOHOMUYECKUI POCT U MHOIISLMS BOCCTaHABIMBAINUCH
BO MHOTHX CTpaHax, HO B 30HE €BPO POCT OCTaJiCs BSIIbIM, a MHQISLUS HU3KOM. B pesynbrare
EBponeiickuii 1leHTpadbHbI OaHK JUISI TOCTMXKEHMS 1LIEJIEBOTO MoKasaTessi o MHOISIIUU CHU3WII
CTaBKY 10 HYJISI U TIPUHSUI PSIi HECTAHAAPTHBIX MEpP JIeHEXKHO-KPEAUTHOM MOJUTUKU. Bo3zmoxHOI
MPUYUHON Ne3NHOIIIIMNA MOXET OBbITh MG POBU3ALINS U pa3BUTHE MHTEPHET-TOPTOBIU. C pa3BUTHEM
IMOPOBBIX TEXHOJOTUI M WMHTEPHETa KOHKYPEHIIMSI KOMITAHUI MOXET MOBBICUTCS, a M3AEPKKHU
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cHUxatTcsl. OCHOBHAsI TUIIOTE3a MCCAEA0BAHUS 3aKII0UYaeTCsl B TOM, YTO Pa3BUBAIOIIUICS CEKTOP
3JIEKTPOHHOI KOMMEPIIMM MOXET MPUBECTU K CHUXKEHUIO MOTpeduTebcKoil nHbasuuu. Pazsutue
3JIEKTPOHHON KOMMEPIIMU M3MEPsUIOCh IBYMs TOKa3aTeJsIMU: MOJiel TMOKYMOK 4epe3 WHTEepHEeT
(buzmyeckuMuU TULIAMY U T0JIeH TTOKYITOK MPEANPUATHIA TI0 ceTH. [T OIIeHKU BIMSHUS JIeKTPOHHOM
TOProBu OblIa cobpaHa 6aza maHHBIX MO 19 cTpaHam eBpo30HbI. [lepBOHAYAIBHO MEXCTPAHOBOM
aHaJIM3 HE BBISIBUJ OTPMLATEbHON CBSI3W MEXIy MoKa3aTeJsIMU Pa3BUTHUSI MHTEPHET-TOPTOBIIM
u uHbasuueit. OgHako 0a3oBasi JIMHEHHAsT MOJEIb TaHEJIbHBIX JaHHBIX C (PUKCUPOBAHHBIMU
addekTaMu U BEKTOpHasi aBTOpeTrpeccHsl MoKas3aiyd HeraTUBHOE BIMSHUE Pa3BUTHUS 3JIEKTPOHHOM
KOMMepIMM W LubpoBu3annu Ha uHOIsIUM0. B pesyiabrate MmaHeJbHOTO aHaiu3a TUMOTE3a O
NEe3NH@ISALIMOHHOM BJIUSHUU 3JEKTPOHHONH KOMMeEpUMUU ObLIa B 1IeJOM MoATBepxkaeHa. OnHako,
YUNTBIBasl C1a0yI0 B3aMMOCBSI3b MEXIY Pa3BUTHEM MHTEPHET-TOProBIM W MHOISALIMEN B 6a30BOM
MEXCTPaHOBOM aHajiM3e, OTpUllaTesibHasl CBSI3b, BEPOSITHO, OblIa 00YCIOBJIEHA MPOMOIKAIOIIMMCS
TPEHAOM pa3BUTUS WHTEPHET-TOProBiM. TpeHI mMMeeT ecTecTBeHHBIN Tipemeda B 100%, T.e. aTOT
Ne3nH@ISIIMOHHbIN (hakTop co BpeMeHeM ucyesdHeT. [loka emie y MHorux crpaH B 2019 romy nmosst
MTOKYTIOK HaceJieHUs B WHTepHeTe Obuta Huke 50%. B ciydae octaHOBKM TpeHIAa WHOIALINS B
30HE €BPO MOXeT yCKOpUThCs. Cpenu npyrux (hakTopoB, CASPKUBAIOIINMX Pa3BUTHE IJIEKTPOHHOM
KOMMeEpLMU U LUOPOBU3ALIMIO, MOTYT ObITh Oojiee XKeCTKOoe peryanpoBaHue MHMOPMAIIMOHHBIX
TEXHOJIOTUI U YXYIIIEHNE MEXAYHAPOIHBIX TOPTOBBIX OTHOIIICHUIA.

KnroueBble cjI0Ba: MHTEPHET-TOProBist, LUdpoBU3aLusa, WHAOISALKWI, 30Ha €BPO, MaHEIbHAast
perpeccusi, maHejbHasl BeKTopHas aBToperpeccust, AKII
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Introduction

Consumer inflation is becoming a more and more important indicator around the globe. Stable price
growth may reduce uncertainty for economic agents and support general economic activity. The monetary
policy in many countries now involves inflation targeting aimed at achieving a sustainable target level of
inflation.

Despite loose monetary policy in the euro area, inflation remains low amid the expansion of e-commerce
and digitalization. The mechanism behind the disinflation caused by digitalization and e-commerce
expansion may lie in increasing competition and cost reduction. These channels were statistically
confirmed in [1]. Internet access made it easy for consumers to find and purchase any goods or assets from
a vast variety of suppliers. On the other hand, this availability could reduce the barriers for the suppliers
and sellers, spreading information about the goods and distributors. This view was cited in [2]. Moreover,
the internet allows substituting traditional distribution channels for enterprises reducing their costs. This
aspect of digitalization and e-commerce impact on inflation was studied in [3]. The authors measured the
impact of digitalization at about -0.04 to -0.13 percentage point on inflation from a 1% increase in the
percentage of internet users to the total population.

Papers [2], [4], and [5] show the similarity between offline and online price dynamics. However, online
prices change more frequently. These studies were conducted on the shopping platform database and a
price-comparison website. This also means that price indices could reliably represent the actual price
dynamics even if they were based on offline prices.

Digitalization may also lead to higher productivity. Papers [2, 6, 7] advocate that increased productivity
arising from digitalization of various sectors may eventually lead to slower inflation. Firstly, increased
productivity may result in lower costs. Secondly, automatization and new skill requirements for new
technologies may result in job displacement. Therefore, labor income and aggregate demand would
be suppressed. The related framework was described in [2] and [6]. In article [7] authors highlight the
importance of large multinational corporations for lower inflation. New technologies and the development
of e-commerce allow large technology companies to increase their market share. Higher market
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concentration may lead to higher income inequality and lower demand. Paper [8] studied heterogeneity
of companies due to technology diffusion. The authors revealed a productivity gap among companies and
singled out a group of the most productive large multinational corporations.

The object of this study is inflation dynamics in the euro area.

The goal of this study is to estimate the impact of e-commerce development on inflation, given the
country-specific parameters and the European Central Bank’s monetary policy.

The objectives of this article are:

1) To reveal a statistical relationship between e-commerce development and inflation;

2) To estimate the impact of e-commerce development based on a panel model;

3) To estimate the impact of e-commerce development based on a PVAR model and compare it with
the panel model estimate in 2);

4) To compare the impact of monetary policy with and without accounting for the e-commerce
development.

The main hypothesis of this article is that the e-commerce development and digitalization may have a
disinflationary impact. Since the low global inflation now mostly concerns developed economies, the study
considered the euro area. Besides, the euro area is an interesting case due to an unconventional monetary
policy conducted by the European Central Bank (ECB) and heterogeneity of the country-members.

The standard instruments of monetary policy of the ECB include short-term interest rates regulation
via open market operations, required reserves rate, and standing facilities [9]. Apart from the standard
measures, many central banks have implemented unconventional measures of monetary policy, which
include negative interest, forward guidance, and asset purchases programs. The ECB also introduced
these unconventional measures following the world economic crisis to improve its monetary policy
efficiency. The ECB sets the level of short-term interest rates in the economy via standard policy
measures, while the quantitative easing policy expands the ECB’s balance sheet and allows to manage
the long-term interest rates.

The specifics of the euro area are the heterogeneity of the economies reflected by the economic dynamics
and the debt level across countries. The banking sector also plays an important role in the monetary policy
transmission in the euro area. The ultra-low interest rate environment suppresses margins for the banking
sector, though it could be offset by other sources of income.

Research methodology

To test the impact of monetary policy on inflation, we can use statistical and econometric analysis.
After a preliminary statistical analysis, two econometric models were estimated. The variable of interest in
both models was consumer inflation measured by the harmonized index of consumer prices at the national
level. This indicator was built on similar consumer baskets across countries. This makes it comparable in
the cross-country analysis. We employed a linear panel model for inflation with fixed effects as a basic
model. This model was estimated via the within estimator. For inference, the clustered standard errors
were used. The basic model has the following specification:

yi,t=a+ﬁ)(z+0i+€i,t’ (1)

where Vi is the HICP growth, o is a constant, £ is a coefficient vector, x is the matrix of explanatory
variables, 6 is an individual effect, e, is a random error.

Several global and local (at the euro area and the country level, respectively) explanatory variables were
used in the model. We collected annual data from several sources, namely the ECB’s database, Eurostat,
the World Bank database, and the Federal Reserve database. The unbalanced panel spanned from 2010 to
2018 and included all the euro area economies (19 countries).

Global variables in the model are:
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» Short-term interest rates (lagged Euro Overnight Index Average rate, EONIA), which reflect standard
monetary policy;

« The ECB balance sheet (assets, YoY), which reflects non-standard monetary policy;

« Nominal effective euro, YoY (lagged by two periods);

« Crude oil price (Brent, YoY);

Local variables are:

« Retail trade turnover (except motor vehicles and motorcycles, YoY);

« Unemployment rate;

« General government budget surplus/deficit (% of GDP);

« General government debt (% of GDP);

« Trade openness measured by the sum of exports and imports as a percentage of GDP;

« Enterprises purchasing via computer networks (% of all enterprises);

«» Individuals’ online purchases (at least one purchase over the last twelve months, % of all individuals).

The e-commerce indicators restricted the overall sample from 2010, while the other indicators were
available from earlier years. The e-commerce indicators were treated as exogenous, given they associated
with e-commerce penetration and consumer preferences.

One of the potentially endogenous variables in the baseline specification above is standard monetary
policy instruments reflected by EONIA (the ECB reacts to the inflation dynamics, setting the level of short-
term interest rates). EONIA directly depends on the monetary policy stance, more accurately reflecting the
situation in the banking sector than the main refinancing operation rate. Another potentially endogenous
indicator could be the ECB’s assets, which reflect the non-standard monetary policy implemented by the
ECB to improve the monetary policy transmission mechanism.

As an extension of the basic specification, a panel vector autoregression (PVAR) model was used, which
was described in recent papers [10]. This model incorporates interaction among endogenous variables
and may give an economic interpretation regarding efficiency of a monetary policy. However, the model
requires more observations for the estimation and accurate inference.

The PVAR model in this paper has the following specification:

k
yit= a + ZBm-yi,t—m + C‘let + 5[ + 8[,[’ (2)

where Y, are local and global endogenous variables, X, , are exogeneous variables, « is a global constant,
51, reflects fixed effects, Bm and C are coefficient matrices, while €, are random shocks.

We conducted the estimation via the generalized method of moments. Nominal effective exchange rate
dynamics and population e-commerce indicators were treated as exogenous variables in the model, while
the HICP growth and EONIA were set endogenous.

The response to monetary policy shocks is the point of interest, while the effect of e-commerce could
be inferred from the coefficient estimates. The orthogonalized impulse responses were used to calculate
the response from monetary shocks.

Results

In contrast with our hypothesis, an initial cross-country analysis showed a weak positive relationship
between e-commerce and inflation over the last five years (Fig. 1). This could be attributable to other
country-specific factors, affecting inflation.

The largest share of online purchases among individuals was in the Netherlands, Luxemburg, and
Germany. The share of online-buyers in the euro area was below 60% on average.
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Figure 1. Inflation and online purchasing indicators as a percentage of all in the euro area (2015-2019)

Source: ECB, Eurostat, authors’ estimates

However, the chart below (Fig. 2) illustrates a rather negative relationship between inflation and
indicators of online purchases for individuals and enterprises over time. The inflation dynamics were
sluggish in 2015-2019 (about 1% on average) amid an increasing percentage of online purchases. This may
indicate that the upward trend of e-commerce development suppressed inflation dynamics.
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M Online purchases by individuals in the last 12 months

# HICP, YoY, excluding energy and seasonal food (rhs)

Figure 2. Inflation and online purchasing indicators as a percentage of all enterprises and individuals in the euro area

Note: the last available data on enterprises was for 2017.

Source: ECB, Eurostat

The panel model allows for exploring the cross-country impact of e-commerce in more detail. Table
1 illustrates the results of the baseline linear panel model estimation with fixed effects. Fixed effects were
used based on the Hausman test results.

Several specifications were used to obtain robust estimates. In all the specifications EONIA, Brent,
e-commerce for individuals, and the ECB assets (YoY) were significant. Given the three specifications,
the coefficients are generally in line with economic intuition. Among inflationary factors are Brent price
growth, the ECB’s asset growth, and retail sales growth. Other factors showed a disinflationary effect.
The EONIA rate demonstrated a disinflationary impact as a standard monetary policy instrument. Most
importantly, both e-commerce variables showed a disinflationary effect, which was in line with the main
hypothesis of this paper.
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Table 1. The estimation results of the baseline linear panel model
(three specifications with different sets of variables)

1) (2 3
HICP growth HICP growth HICP growth
ECB assets, YoY 0.016 ok 0.016 ok 0.016 ok
(0.003) (0.003) (0.003)
EONIA (lagged) -1.760 ok -2.012 ok -2.047 ok
(0.759) (0.759) (0.759)
Brent, YoY 0.029 ok 0.029 ok 0.029 ok
(0.003) (0.003) (0.003)
E-commerce, individual -0.123 ok -0.125 ok -0.125 ok
(0.030) (0.030) (0.030)
NEER, YoY (lagged) -0.027 -0.030 -0.031
(0.025) (0.025) (0.025)
Retail sales, YoY 0.014 0.008 0.009
(0.025) (0.025) (0.025)
E-commerce, companies -0.019 -0.021 * -0.021 *
(0.013) (0.013) (0.013)
Unemployment -0.159 * -0.152 * -0.155 *
(0.080) (0.080) (0.080)
Openness -0.011 -0.010
(0.016) (0.016)
Debt -0.003 -0.003
(0.020) (0.020)
Surplus/deficit -0.007
(0.184)
R-Squared 0.653 0.658 0.658
Observations 153 153 153

Note: positive gauge of NEER reflects appreciation.
* means 10% significance

** means 5% significance

*** means 1% significance

Clustered standard errors are in the parentheses.

Source: authors’ estimates

To extend the baseline model, the PVAR model was estimated (Table 2). Since the data were scarce, the
model was restricted by only one lag and a smaller set of variables. The EONIA and HICP growth were set
endogenous, while the ECB asset growth, the e-commerce indicator for individuals, and NEER were treated
as exogenous. Before the PVAR estimation, the local variables were tested for the unit root, applying the test
proposed in [11]. HICP growth was stationary, while the population e-commerce indicator was not. This
could be attributable to the e-commerce development trend as more and more technological innovations
are introduced over time. However, the e-commerce development trend may eventually plateau or even
reverse, for example, due to tighter regulation. IT regulation in the world could potentially become tighter
and detrimental to e-commerce. The regulation policy of the IT sector was discussed in [15].

Moreover, trade relations could worsen. For example, potential trade conflicts between large economies,
such as the USA or China, may lead to commerce deteriorating. Such a threat became feasible in 2018-2019
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when the US and China considered and imposed tariffs on trade flows between each other. Therefore, the
nature of the e-commerce development trend is probably not truly time-dependent.

Finally, the e-commerce development trend has a natural cap of 100%. At the moment, several countries
exhibited the share of online purchases below 50%. After reaching the levels closer to 100%, the potential for
further e-commerce development will likely be exhausted. Therefore, disinflationary pressure from it can stop.

The impact of the e-commerce indicator on inflation was negative. This generally supports the main
hypothesis of this paper.

Table 2. PVAR estimation results

EONIA HICP, YoY

Lagged EONIA 0.547 * -0.2458
(0.255) (0.312)

Lagged HICP, YoY -0.099 0.3907 o
(0.122) (0.122)

ECB assets, YoY -0.0009 0.0337 ok
(0.007) (0.010)
E-commerce, individuals -0.0441 * -0.0492
(0.017) (0.026)

Lagged NEER, YoY -0.0025 -0.091 o
(0.084) (0.035)

Note: positive gauge of NEER reflects appreciation.
* means 10% significance

** means 5% significance

*** means 1% significance

Standard errors are in the parentheses.

Source: authors’ estimates

The impulse response from the standard monetary shock (Fig. 3) was negative, in line with the economic
sense. The model was compared with the same model without the e-commerce variable. Factoring the
digitalization of commerce reduced the overall impact of unexpected monetary policy shock. Meanwhile,
the shock itself was not significant.

-0.05

-0.10

Response of HICP to the standard monetary shock
-0.15

-0.20

Period

Figure 3. Orthogonalized impulse response from the standard monetary policy shock to HICP

with the e-commerce variable (line) and without the e-commerce variable (dotted line)
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Source: authors’ estimates

Based on the PVAR model with endogenous ECB asset growth the shock of non-standard monetary
policy was positive as expected. This means that non-standard measures boost inflation. However, similar
to the standard policy, the shock was not significant.

To extend the analysis we can factor out the trend from the e-commerce indicator by taking the first
difference of the respective indicator. This operation suppressed the significance of the coefficients in the
baseline model.

In closing, there are several main results:

1) A preliminary statistical analysis showed an upward trend of e-commerce proxy (a share of online
purchases among individuals and a share of purchases by enterprises via a computer network) in 2014-2018.
This is a new result, revealing the current e-commerce development trend.

2) A panel analysis showed a statistically significant negative impact of a share of e-commerce on
inflation (an increase of the share of online purchases by 1% leads to about -0.12% to -0.13% impact on
inflation, while an increase of a share of purchases by enterprises via a computer network by 1% produced
only -0.02% impact on inflation). This result confirms previous studies, such as [3], but also provides an
important insight into the impact of e-commerce usage among companies. The latter was not extensively
covered in related literature.

3) A PVAR model demonstrated insignificant results for an e-commerce development proxy;

4) An impulse response demonstrated a smaller magnitude of the standard monetary policy impact
after considering an e-commerce variable. This implies a lower efficiency of monetary policy in the euro
area. This issue is new and important and it reveals policy insight for decision-makers.

Further studies may relate to the underlying mechanism of disinflation. The analysis could be based
on macro indicators, such as labor costs or unemployment, or on micro indicators of several particular
companies.

The next step could be an analysis of spillovers from digitalization and e-commerce development, which
may spread to other countries and regions. Considering the global value chain [16], the global disinflation
trend may persist. The heterogeneity of the euro area can play an important role in its inflation dynamics,
especially with regard to its unconventional monetary policy. The related issues were studied in [17-21].
Finally, the impact evaluation of IT regulation on digitalization will also extend this article.

Conclusion

The impact of e-commerce on inflation estimated to be generally disinflationary based on a sample
of the euro area countries in 2010-2018 for both individuals and companies. This is new and important
results for economic policy. However, this was likely attributable to the positive trend of e-commerce
development rather than purely cross-country e-commerce development characteristics. This trend
may eventually plateau as a result of stricter regulation of the IT sector or external trade deterioration.
Currently, many countries exhibited the development of e-commerce far below the potential 100%.
However, should this cap be reached, the disinflationary pressure from the e-commerce development
will fade. Should the e-commerce development trend stop, we would observe the possible acceleration
of inflation in the euro area. On the other hand, e-commerce development in other countries may
produce disinflationary spillovers, contributing to global disinflation. From the theoretical point of
view, the panel analysis based on the linear model with fixed effects and panel VAR model supports
the hypothesis of the disinflationary impact of e-commerce development. This result may be useful for
decision-makers and economic policy evaluation.

The analysis of monetary shocks revealed the efficiency of the standard monetary policy instruments,
factoring the e-commerce development effect. Meanwhile, the results for the non-standard monetary
policy shocks were positive. However, the estimates were insignificant.
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