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Abstract. This research analyzes the asymmetric effects of global energy and food prices and monetary
variables, including the exchange rate and money supply, on the consumer price index (CPI). The model is
intended to differentiate the influence of increases and decreases in global energy and food prices, exchange
rates, and money supply which cause inflation/deflation from changes in the CPI. The analysis uses the Non-
linear Autoregressive Distributed Lag (NARDL) and Quantile Regression models on data from January 2001
to February 2023. The study results show that the decline in global energy prices significantly reduces the CPI
in the long run. Energy subsidies allow increases in international energy prices not to increase the CPI signif-
icantly. Meanwhile, the increase in global food prices causes inflation in the short run. The exchange rate has
the most significant effect on the CPI. Depreciation of the rupiah significantly increases the CPI, which means
it causes inflation, while appreciation of the rupiah does not have a significant effect. Finally, increases and
decreases in the money supply have a considerable positive effect on the CPI, which confirms the logic of the
monetarist view that inflation is a monetary phenomenon. Efforts to reduce dependence on imports of food and
energy commodities are the key to reducing risks when importing energy and food due to rupiah depreciation.
Efforts to consistently stabilize the exchange rate can support controlling and stabilizing import prices. Energy
and food subsidy policies are vital in controlling inflation due to increased world energy and food prices.
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1. Introduction

The dynamics of the global economy are increasingly inseparable from the global economic
crisis in the last decade. These global economic dynamics are increasingly impacting a
country’s economy. A country’s openness to facing an increasingly dynamic global en-
vironment will make it vulnerable to changes in external factors. Changes that make an
economy vulnerable increasingly receive attention from researchers and policymakers.

One of the critical problems that has received world attention is the issue of inflation
and rising energy and food prices, which have a greater impact, especially on developing
countries. One of the global issues related to soaring global energy and food prices is infla-
tion. World price fluctuations can spill over into a country’s domestic inflation (Béurle et al.,
2021). Recently, inflation has become a primary global concern. The IMF, World Bank, and
economists believe that rising inflation due to rising energy and food prices will encourage
an increase in interest rates to control high inflation, which can hamper aggregate demand.
Crises that may arise due to soaring world energy and food prices are more likely to occur
in countries that depend on energy and food imports, especially developing countries.

The dynamics of world energy prices in more than two decades are characterized
by the frequency of energy price spikes being more frequent than declines, as shown in
Figure 1. As a representation of global energy prices, the price index shown is a compos-
ite of crude oil, natural gas, and coal prices, with the largest weighting being crude oil.
Meanwhile, the dynamics of global food prices are characterized by fluctuations in food
prices with an increasing trend in the long term, as shown in Figure 2. Global food prices
are a composite price index consisting of oils and meals, cereals, and other foods. More
frequent increases in energy prices and fluctuations in food prices, which tend to rise in
the long term, are severe challenges for countries that depend on energy and food imports
in general, which can then threaten domestic food security.
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Source: World Bank Commodity Price Data (updated on April 2023)
Figure 1. Dynamics of World Energy Prices January 2001 - February 2023 (in Price Index, 2010=100)
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Source: World Bank Commodity Price Data (updated on April 2023)
Figure 2. Dynamics of World Food Prices January 2001 - February 2023 (in Price Index, 2010=100)

The energy and food crises are characterized by soaring world energy and food prices
due to limited supply, which can then increase the burden on household income (Guan
et al., 2023). In countries focusing on inflation, monetary policymakers are always alert
to external factors that can impact domestic inflation (Rachman, 2015). Even though
countries are increasingly integrated with the global economy, the influence of monetary
policymakers still plays an essential role in domestic inflation dynamics (Bems et al.,
2022). In countries that implement inflation targeting in their monetary policy, inflation
stabilization becomes the main focus of their targets.

Indonesia, a nation that implements inflation targeting, is a case in point. With its high
openness, characterized by extensive export and import activities, Indonesia is inextri-
cably linked to the issue of domestic inflation due to the surge in global energy and food
prices. Particularly for energy and food imports, which remain substantial, Indonesia is
at risk when there is a hike in energy and food prices and a depreciation of the rupiah,
highlighting the complex challenges it faces.

Main external factors, such as global energy and food prices, which could cause inflation
in Indonesia, need to be researched as potential sources of domestic supply shocks. The
increase in global energy and food prices, which triggers global inflation, can also cause
domestic inflation through changes in import prices, which are passed on to changes in
consumer prices. Literature documentation from previous empirical studies states that
global commodity prices and changes in domestic currency exchange rates are proven
to be factors that have a significant contribution to inflation in a country among existing
external factors (including Naghdi & Kaghazian, 2015; Rizvi & Sahminan, 2020; Kayamo,
2021; Yan & Bian, 2022). Changes in energy and food prices impact changes in import
prices of final products and inputs, which in turn affect the CP1. Meanwhile, changes in
exchange rates based on the exchange rate pass-through model affect import prices. The
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degree of ERPT will impact the level of inflation transmission to domestic inflation through
international trade. Therefore, in this relationship, the exchange rate influences inflation.
Apart from being related to global commodity prices, preliminary studies on the influ-
ence of exchange rates on various aspects of the economy have been carried out in various
countries. Among the main macroeconomic variables, the exchange rate has a significant
contribution to influencing the domestic economy. In the literature, the exchange rate
influences economic growth (including Morina et al., 2020; Karahan, 2020; and Utomo
and Saadah, 2022) and also influences inflation (including Fetai et al., 2016; Monfared
& Akin, 2017; Sharma & Dahiya, 2023) and is a significant issue especially in countries
that focus on inflation (Lopez-Villavicencio & Pourroy, 2019; Valogo et al., 2023).
From various previous studies and research on the influence of global commodity
prices and exchange rates by joint modeling of monetary variables, most of the analysis
assumes that the effects are symmetrical and apply equally to increases and decreases.
However, changes between increases and decreases in the independent variable are not
always responded to by changes in the dependent variable symmetrically or equally. It
may be asymmetric, which means that the effect of an increase differs from that of a
decrease, which is related to the nature of price rigidity. Price rigidity can prevent price
fluctuations. Price rigidity can occur because firms can maintain fixed prices due to market
power (Anders et al., 2023). However, price rigidity can partly occur, called asymmetric
price rigidity, where prices are more rigid upward than downward (Levy et al., 2020), and
price declines were common occurrence outside the services sector (Visockyte, 2018).
Asymmetric price rigidity can support asymmetric price behavior, which encourages
asymmetric effects from price changes in price pass-through from world commaodity prices
to import prices and CPI. Even though there has been research with asymmetric influence
analysis, the analysis is carried out partially and only analyzes certain variables, which are
the model’s primary focus. Likewise, the effects of asymmetry or differences in estimated
parameters are only analyzed between increases and decreases. Meanwhile, the CPI is
not affected in the same magnitude or constant at various CPI levels based on changes
in energy and food prices, exchange rates, and money supply, where monetary policy
will generally boil down to adjusting the money supply to stabilize inflation and output.
This research develops a model to analyze changes in global energy and food prices, ex-
change rates, and money supply on CPL. This research proposes a dynamic model that aims to
develop the Autoregressive Distributed Lag (ARDL) model into a Nonlinear Autoregressive
Distributed Lag model to differentiate the effect of increasing and decreasing independent
variables on the response variable. The NARDL model analyzes the asymmetric influence
between global energy and food prices by involving exchange rates and money supply as
monetary variables. Meanwhile, quantile regression models were estimated to analyze the
differences in influence between various CPI levels, i.e., low, moderate, and high CPIs.
Furthermore, after Section 1, which provides an introduction, this paper is structured
according to its objectives: Section 2 outlines a brief of theoretical basis and literature
review relating global energy and food prices to inflation and the relationship between
the exchange rate and money supply to CPI. Section 3 explains the data and methodolo-
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gy. Section 4 presents the empirical findings and discussion. Finally, section 5 provides
conclusions and policy implications.

2. Theoretical basis and literature review

2.1. Theoretical basis

This study analyzes the effect of world energy and food prices and exchange rates based
on the microeconomic theory foundation for producer behavior with flexible prices. As
in Adolfson (2001, 2007), the open economy’s aggregate supply and demand model ad-
justed for incomplete exchange rate pass-through is based on the optimization behavior
of domestic producers in the open economy. The prices of imported goods charged to the
domestic market are flexible with no nominal rigidities.

In this model, domestic producers in the production of goods (Y) are assumed to use
composite inputs consisting of domestic intermediate goods (Z9) and imported goods (Z™).
The production function following the Cobb-Douglas production function is as follows.

1-¢ 1-6
o=@ =[(28) P@me| T, oss<t (1)
The price of composite intermediate input in domestic currency is expressed as follows.
1-¢@ )
z _ (08 oF 2
P = oo 2)

where p¢ denotes price of domestic intermediate goods, p™ denotes price of imported
goods, ¢ denotes imported inputs share in the domestic production. The firm maximizes
profits assuming an imperfectly competitive market with flexible prices, which is ex-
pressed by
max pf Cf+pge,C8" — PEZ,
PrDe Zt 3)
~d\ —O A\ —O
sit Vo= )=+ =(1-9) <pA_t> G + <pAL*> Ct (4)
Pt Pt
Aggregate domestic and foreign consumption is assumed to follow the constant
elasticity of substitution (CES) function. Producers meet demand for domestic products
equivalent to Y = C4 + C4*, which means domestic demand plus foreign demand. Mean-
while, e, represents the exchange rate, expressed as the domestic currency per unit of
foreign currency. C, is the domestic aggregate consumption index, a combination of the
consumption bundle of domestic and foreign goods, and pt is the corresponding price
index. The asterisk represents the foreign counterpart. This model also assumes that there
is no strategic interaction because the goods are well differentiated allowing producers
to ignore their influence on aggregate prices and take competitors’ prices, in this case the
prices of imported goods (D¢"), as fixed.
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Based on the first-order conditions, flexible prices are imposed on the domestic and
foreign markets, so each price can be stated as follows.

pi = (=) me(z,, P?) )

pdr = (L 7y 1 6
Pt _(1_a)mC(Zt'Pt)et (6)
o is a constant price elasticity which is positive. Marginal cost (mc) is as follows
pf pf

mc = =
-5 -6 -5 ;
(1 )Zt (1-6) t_l_a ( )

Therefore, the price charged on the domestic market as in equation (5) can be ex-
pressed as

pi = (=) me(,, P) (8)

Thus, the domestic equilibrium price of a good with flexible prices consists of a con-
stant and identical markup over marginal cost. With a constant markup as implied in the
CES function, as stated by Adolfson (2001), the influence of the exchange rate on prices
charged on the domestic market is only through its influence on the marginal costs of
domestic producers, which is through its influence on imported intermediate inputs used
in the production of domestic goods.

For imported goods, the behavior of foreign producers in the optimization problem is
equivalent to domestic producers in producing domestic goods using imported intermediate
goods. Foreign producers face the following optimization problem.

T, T CI+DIe G = A+ G, PE)eq o)
t Bt

~m~N —0 Amx\ —0
st e =w() ar(B) o (10)

Where Pt is the price of foreign goods charged in the domestic market and denoted
in domestic currency, P¢*" is the price of foreign goods charged in the foreign market
and denoted in foreign currency, 4,, denotes total cost function of foreign producer, P#*
is the input prices for foreign producers denoted in foreign currency, @ denotes the share
of imported foreign goods of domestic consumption, and ¢ denotes the constant price
elasticity of demand. The first order condition of profit maximization of foreign producers
results in the prices charged on the domestic market.

pr = (ﬁ) mc*(C" + C™, PE™ e, (11)

and since total demand for foreign goods, Y = C[™ + C[™*, then equation (11) can be
expressed as
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P = (=) me* (%, PE)e (12)

This means that the world market price for domestic imported goods is equal to the
aggregate foreign price level, pi’** = p;.

Based on equations (8) and (12), the domestic aggregate price level is a composite
of the price of domestic goods using imported intermediate inputs and the price of final
imported goods charged in the domestic market. From the composite between p¢ and
pt", with the incomplete exchange rate pass-through model, the aggregate price level
(P¢) can be determined by the price of domestic goods using imported inputs (PZ) and the
exchange rate (e,), which influences the prices of imported input and final goods (#7").
World commodity prices such as oil and food, as modeled in a study by Carri’ere-Swallow
et al. (2021), are the commodity prices determined on the world market and expressed in
US dollar denominations. In this study, aggregate price modeling involves world energy
prices as an extension of oil commodities, and world food prices and exchange rates.
Therefore, with the incomplete exchange rate pass-through model, domestic aggregate
price is a function of world energy prices, world food prices, and the exchange rate.

p=f(®"p’.e) (13)

The increase in energy prices through world oil, gas, and coal prices will increase
domestic fuel, gas, and coal prices and production costs for industries that generally re-
quire energy as a supporting material. The increase in energy prices for households will
directly impact the rise in CPI, which is contributed by household fuel expenditure and
indirectly transportation expenditure and expenditure on commodities whose production
processes use energy. Meanwhile, the increase in world food prices will have a direct
impact on the rise in the price of directly imported food and the increase in the price of
domestic food made from imported food raw materials, and this will contribute to the rise
in the CPI through household spending on food and beverage. The effect of a decrease in
global energy and food prices can have the opposite impact, with the magnitude of the
effect not being similar.

Domestic currency depreciation will increase import prices, which in turn will increase
the CPI from rising prices of imported goods in domestic currency. The effect of domestic
currency appreciation can reduce import prices and CPI, but with a non-identical effect
size, allowing asymmetric exchange rate pass-through.

In a monetary policy environment that focuses on stabilizing inflation, domestic ag-
gregate price modeling is completed by involving the monetary aggregate, i.e., the money
supply, as a monetary variable that also influences inflation. Inflation, as a monetary
phenomenon in Friedman’s view, is caused by the money supply, which drives aggregate
demand. The encouragement of aggregate demand that continues in the long run will
only cause inflation.

As Nguyen et al. (2022) point out, an excess of aggregate demand compared to aggre-
gate supply due to excess money in circulation will cause inflation. There is a one-way
relationship between money supply and inflation, not vice versa. Ryczkowski (2021) states
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that empirically there is a causality between money growth and inflation, and supports a
return to a monetary framework that controls the money supply to control inflation. An
increase in money supply will cause an imbalance between money supply and money
demand, a situation that can have significant economic implications. To return to balance,
some of the excess money will be used to purchase goods and services. An increase in
demand for goods that cannot be met by the supply side will cause excess demand which
then drives inflation.

Irving Fisher’s exchange equation, MV =PY where M is the volume of currency traded,
V is currency velocity, P is the price of goods, and Y is the level of real income (output),
meaning that there is a direct link between money and inflation (Sultana et al., 2018).
Because V is relatively stable over time, as the monetarist view, money growth that is
faster than output will only result in inflation. The monetarist view implies that tightening
monetary policy to control inflation is the key to monetary action through controlling the
money supply. As a further development of equation (13), the following function expresses
domestic aggregate price modeling as an empirical strategy with incomplete exchange
rate pass-through in a monetary policy environment that focuses on inflation stabilization.

p = f(",pl,e,m) (14)

where p°* denotes world energy price which is a composite of oil, natural gas and coal, P
denotes world food price which is a composite of oils and meals, cereals and other foods, e
denotes the domestic exchange rate against the US dollar. The monetary aggregate variable
(m) chosen in this model is M1 which represents more transactional money. Assuming
asymmetric effects, the influence of global energy and food prices, exchange rates and
money supply on domestic prices is differentiated between increases and decreases. To
represent inflation, prices are expressed in natural logarithms, the change in which means
inflation/deflation.

2.2. Global energy and food prices on inflation

Implementation of monetary policy in countries that focus on inflation will always be
oriented towards stabilizing inflation. Stabilization of domestic inflation is often faced
with the challenges of a dynamic global economy. Rapid changes in global commodity
prices increasingly characterize the dynamism of the global economy. The increase in
inflation today is increasingly evident due to the rise in global commodity prices, espe-
cially global energy prices. Several studies have documented the positive impact of rising
global energy prices on domestic inflation in advanced developing countries (emerging
markets), including a study by Rizvi and Sahminan (2020). The increase in oil and energy
prices increases inflation significantly; this can be caused by inflation originating from
sectors that utilize energy, especially oil, gas, and coal., which can be caused by inflation
originating from sectors that utilize energy, mainly oil, gas, and coal. Oil prices have an
asymmetric influence, as Sek (2022) and Arintoko et al. (2023) provide their empirical
findings. Oil prices have an asymmetric impact on domestic inflation, which occurs
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through increases in consumer prices, producer prices, and industrial prices. The rise in
oil prices significantly impacts inflation by increasing the transportation consumer price
index (CPI). Ayisi (2019) and Bawa et al. (2020) also provide evidence of the asymmetric
effect of changes in oil prices on inflation.

Sek (2019) discusses the concept of price rigidities, which can occur due to effective
monetary policy. This policy can lead to asymmetric effects from changes in oil prices.
Energy prices, represented by crude oil, natural gas, and coal, can influence inflation. Binder
(2018) and Zhang et al. (2017) provide empirical evidence that an increase in natural gas
prices leads to inflation. Guo et al. (2016) empirically demonstrate that coal prices have
a positive and asymmetric impact on inflation, as measured by the CPI.

Besides energy prices, global commodity prices and food prices can also impact
domestic inflation, especially in countries that import food commodities. Furceri et al.
(2016) prove that the increase in global food inflation impacts domestic inflation from
cross-country studies in developed and developing countries. The increase in global food
inflation has a more significant impact on developing countries than developed ones. Ris-
ing inflation has significantly impacted global food prices in developing countries such
as Indonesia and India (Rizvi & Shaminan, 2020). Specifically, changes in international
food prices have driven considerably domestic food inflation, as a study by Samal et al.
(2022) provides empirical evidence.

2.3. Exchange rates, money supply and inflation

Apart from global commodity prices, exchange rates can influence inflation. Sek (2022)
proves that the exchange rate predominantly influences domestic inflation, so the exchange
rate is the main factor that significantly influences domestic inflation. The exchange rate
influences inflation through changes in import prices in sectors that use imported inputs.
Inflation and exchange rates have also been proven to have a relationship in the short
run, as proven by Sharma and Dahiya (2023). Monfarid and Akin (2017), Omolade et
al. (2019), and Ugwu et al. (2021) also prove that empirical changes in exchange rates
encourage inflation.

Kassi et al. (2019) and Fandamu et al. (2023) provide empirical evidence that the influ-
ence of the exchange rate on consumer prices occurs through incomplete and asymmetric
exchange rate pass-through. Depreciation of the domestic currency has a more significant
impact on changes in consumer prices than appreciation. The study by Hong et al. (2022)
shows that the existence of asymmetry in exchange rate pass-through implies that local
currency depreciation is a challenge in price stabilization.

Regarding monetary variables, inflation modeling by Chen et al. (2020) involves the
money supply as a monetary variable, which is hypothesized to affect inflation positively.
Empirical results show that the money supply positively affects CPI inflation apart from
oil prices. The same results were stated by Samal et al. (2022), who noted that the money
supply as a monetary policy variable influences inflation positively. Roshan (2014), Kugler
and Reynard (2022), and Madurapperuma (2023) also provide evidence that an increase
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in the money supply causes inflation. According to the Monetarist view, an increase in
the money supply encourages household aggregate demand to increase, which causes
prices to rise.

With a focus on inflation, monetary policy generally aims to stabilize inflation. In
implementing monetary tightening to control inflation, monetary policy is not recom-
mended to be aimed solely at controlling the influence of rising energy prices, which
impact inflation, because it can cause monetary policy to become counterproductive
(Atig-ur-Rehman, 2013).

3. Data and methodology
3.1. Variable and data

According to the developed model, consumer price index in the natural logarithm is
involved as the dependent variable in this research. Meanwhile, the independent varia-
bles include energy prices, food prices, exchange rates, and money supply as monetary
policy variables. Prices are expressed in terms of the natural logarithm of the CPI, whose
changes express inflation. CPI is based on the base year 2012 (2012=100). Energy prices
are expressed in a monthly index, a combination of the prices of crude oil, natural gas,
and coal with a weight of 84.6, 10.8, and 4.6 percent each, based on 2010 US dollar nom-
inal = 100. The energy price index is analyzed using the natural logarithm (In) which is
abbreviated to PEN. Food prices are expressed in a monthly index, a combination of oils
and meals, cereals, and other foods weighing 40.75 each, 28.25, and 31 percent, based on
2010 US dollar nominal = 100. The food price index is analyzed using natural logarithm
(In) which is abbreviated to PF. The exchange rate is measured in IDR/USD. The analyz-
ed data is expressed in natural logarithms (In) and shortened to ER. Finally, the money
supply is calculated by M1 (narrow money), which is more liquid and transactional. M1
is measured in billions of rupiah, expressed in natural logarithms (In), and abbreviated
to MS depicted in the model.

The period analyzed in this research is January 2001 to February 2023. Analysis of
changes in global energy and food prices in influencing CPI is modeled with monetary
variables, including exchange rates and money supply. Data was accessed from online
sources, such as Bank Indonesia for CPI, exchange rate, and money supply, and the World
Bank for data on energy and food prices.

3.2. Model

This research estimates the CPI equation, a Nonlinear Autoregressive Distributed Lag
(NARDL), and a Quantile Regression (QR) model. Explanatory variables include global
energy and food prices, exchange rates, and money supply, which are differentiated between
increases (x") and decreases (x) through positive and negative partial decomposition.
This model is the application of the NARDL model developed by Shin et al. (2014), and
several variations of the model have been applied in several previous studies, including
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Arintoko (2021a) and Arintoko (2021b). Equation (15) is a developed model to analyze
the influence of increases and decreases in global energy and food prices, exchange rates,
and money supply on CPI. CPI changes in the natural logarithm reflect inflation.

ALCPI; = ag + a4 LCPl,_; + a5 LPEN;; + &5 LPEN;_; + o LPF; +
a3 LPF_ + &f LER}_| + o4 LER_; + & LMS} | + o LMS;_, +
I8 B ALCPI,_; + Xi25(B5,ALPEN ; + B, ALPEN; ;) +

Yo (B, ALPFY + B ALPF ) + X150 (B, ALER! ; + B, LER ;) +

N0 (BeALMSE ; + B, ALMS; ;) + &1 (15)
Note:

LPEN{ = ¥‘_, ALPEN;' = ¥'‘_, max(ALPEN;, 0) (16a)
LPEN; = ¥_, ALPEN; = 3¢_, min(ALPEN;, 0) (16b)

The decomposition of positive and negative partial sum decompositions for other var-
iables, namely LPF, LER, and LMS, is calculated similarly to equations (16a) and (16b).

The expected long-run parameters and asymmetric effects of equation (15) are as
follows:

+
_ % _% _% %

@ >0, o >0, ali o (17a)
_a_§'> 0 _a_§> 0 _a_3¢_a_§

a1 ’ a1 ’ a1 a1 (17b)

+ - + ~
G0 8y g %, %

>0, -2t > 0, -t (17¢)
_a_;’r> 0 _zx_§> 0 _ﬁ;t_a_g

a ’ a ’ a a (17d)

For short-run parameter estimation of the NARDL model and the accompanying error
correction term (ECT), the NARDL model is also expressed in equations (18) and (19)
for the following.

ALCPI, = ag + X2} B, ALCPI,_; + YiZ3(BS ALPEN ; + B ALPEN,” ;) +
Yo (By,ALPFY  + B, ALPF ) + X155 (Br ALER} ; + B, LER.;) +

Y (BLALMSY  + B, ALMS;_;) + ECT,_y + Wy, (18)

with:
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ECT,_y = LCPI,_; — (A{LPEN; ; + A{LPEN, + AJLPF} +
A7 LPF7, + A;LER}, + A3LER[_, + Ay LMS;" | + A7 LMS;_;) (19)

The expected value for ECT is between -1 and 0.

The relationship between the ARDL model and quantile regression estimation has
also been developed by Cho et al. (2023). The purpose of applying quantile regression
is to analyze differences in the influence of independent variables on response variables
between quantiles with a model that can overcome the problems of heteroscedasticity
and non-normality because it is not sensitive to outliers (Huang et al., 2017). The ap-
plication of quantile regression is suitable because there are possible differences in the
influence of changes in energy prices, food prices, exchange rates, and money supply
on CPI at different CPI levels between low CPI (low quantiles), moderate CPI (middle
quantiles) and high CPI (upper quantiles). The quantile regression model is generally
stated as follows.

QUIX =x;9) = f(Bix:) (20)
With probability (v (53 x;)) = ¢ and

X; = ?=1xi++z?=1xi_ (21)

x’s are independent variables and y is a response variable.

4. Results and discussion

4.1. Results

A statistical description of the variables analyzed in this study is presented briefly in
Table 1. The CPI has a similar statistical figure with a higher mean than the median with
global energy and food prices. However, the CPI has the smallest range during the study
period. This characteristic indicates a tendency for higher prices to increase in the second
half of the study period for CPI, global energy, and food prices.

Table 1. Summary of statistics

Variable Minimum Maximum Mean Median Std. Dev.
CPI 41.6400 152.8200 98.4459 97.9150 33.3655
PEN 26.2500 173.4800 86.963 81.4500 36.2373
PF 46.7900 159.0400 91.748 90.5250 26.0480
ER 8,279.00 16,367.00 11,276.37 10,259.00 2,329.571
MS 145,345.0 2,608,797 855,993.6 705,248.0 624,908.0
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As a trigger for CPI increases, global energy prices have a relatively high standard
deviation, which indicates high price variations or fluctuations. However, energy prices
appear more variable than global food prices, with a higher standard deviation. The range
of minimum and maximum energy prices is higher than that of food prices. This condition
indicates that energy price movements are more volatile than food prices. However, with
the same base year, 2010=100, the mean of global food prices is higher than energy prices,
so the impact on domestic food prices is also significant. The increase in food prices was
contributed mainly by oils and meals, and cereals, while energy prices were mostly con-
tributed by crude oil.

Based on summary statistics, the exchange rate measured in rupiah per US dollar
shows high variations with a range of lowest and highest values, where the highest value
is almost twice the lowest value. An increase in the exchange rate means a depreciation
of the rupiah, and vice versa. During the research period, the exchange rate tended to
increase, meaning the rupiah tended to depreciate against the US dollar.

The money supply, measured in billions of rupiah of M1, shows higher variations in
the exchange rate with a range of minimum and maximum values, where the maximum
value is 17.95 times the minimum value. The median value is far from the average value,
so the standard deviation is also very high, close to the median value. This statistical
picture indicates that the variation in the money supply is very high. During the research
period, there was a tendency to increase the money supply by M1.

Furthermore, in applying the NARDL model, such as in the ARDL model, the charac-
teristics of data stationarity of the variables analyzed in the model need to be tested through
the unit root test. Unit root tests apply the Augmented Dickey-Fuller (ADF) test, and DF
GLS, which is a modification of the ADF test. The application of the ARDL model can
be justified if all variables are stationary at the first level or difference or a combination
thereof without any variables being stationary at the second difference. The results of the
unit root test on the variables in this research model are presented in Table 2.

The unit root test results test via the ADF and DF GLS tests for all variables are sta-
tionary at the first difference or can be expressed as I(1). All variables in the model are
I(1) without 1(2) so that the NARDL model application can be carried out.

The NARDL model specification in this study positions CPI as an endogenous varia-
ble or response variable based on theoretical grounds and empirical studies; meanwhile
global energy and food prices, exchange rates and money supply as exogenous variables.
By separating the increase and decrease in global energy and food prices, exchange rates
and money supply, a model is formulated to capture asymmetry effects into the NARDL
model. With a model specification where CPI is the endogenous variable, the selection of
the optimum lag is based on the minimum AIC value. The model with the optimum lag
which has the minimum AIC value is the selected econometric model because it has the
minimum error with the model specifications by theory. The selected model is ARDL(3,
0,1,1,0,2,2, 1, 1).
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Table 2. Unit root test results

Variable ADF Test DF GLS test
LCPI -1.3896 0.0566
LPEN" -1.3611 -1.2782
LPEN- -2.9518 -29111%*
LPF* -1.4201 -1.2661
In level LPF- -2.6218 -2.2636
LER* -3.5338%*%* -2.0086
LER- -3.6743%* -0.5116
LMS* -1.9799 -1.9818
LMS- -3.0726 -1.9393
ALCPI -13.0540%%** -13.0965%**
ALPENT -13.2000%*%* -12.1875%%**
ALPEN- -10.0332%*%* -8.4359%**
ALPF* -10.9556%*** -10.2144%%**
In first difference ALPF- -10.2303*** -10.2189%**
ALER* -12.5601%*** -4 38651 ***
ALER- -14.2403%*%* -13.0727%%**
ALMS* -4.0294%** -6.4099%**
ALMS- -6.7164%** -9.3188***

**%* significant at a = 1 percent; ** significant at a = 5 percent

An essential element in the ARDL and NARDL models is a long-run relationship
between the response variable and the independent variables, reflecting the theoretical or
expected relationship between variables. A bound test is applied to test whether there is a
long-run relationship. The test result via bound tests for the model is presented in Table 3.

Table 3. Bounds test results

F-statistic Sig. Lower Bound Upper Bound Conclusion
10% 1.85 2.85 There is a
6.3865 5% 2.11 3.15 ere is a long-run
relationship
1% 2.62 3.77

H,: No long-run relationships

From the tests carried out through the bounds test, as summarized in Table 3, the
F-statistic is significant at = 1 percent to reject the null hypothesis. It can be concluded
that the model has a long-run relationship. A long-run relationship exists in the model
between CPI and the independent variables, including energy prices, food prices, exchange
rates, and the money supply, each increasing and decreasing. The model has a significant
long-run relationship at = 1 percent. This conclusion is based on the F-statistic value
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exceeding the upper bound, which means bound test results reject the null hypothesis,
which states no long-run relationship.

The expected model stability of the selected model based on the CUSUM test is ful-
filled. The CUSUM test results depicted graphically do not exceed the significance limit
of 5 percent (see Figure 3). This result means that the model chosen as the best model
was tested for stability for the specified research period. A model analysis using a quantile
regression model approach will complement the discussion of the ARDL model estimation
results regarding stability and non-normality issues.
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Figure 3. Result of Model Stability Test

Based on the estimates of the best NARDL models, the results of estimating the long-
run effects of the model are presented in Table 4. Energy prices affect the CPI positively,
but only when energy prices fall significantly reduce prices in the long run. A decrease in
energy prices (LPEN-) reduces CPI significantly with a larger coefficient than an increase
in energy prices (LPEN™) at a = 1 percent. A decrease in energy prices reduces the CPI,
which has a relatively large and significant impact compared to an increase in energy prices
which increases the CPI. This result means that a decrease in energy prices impacts defla-
tion, while an increase in energy prices does not significantly cause inflation. Therefore,
energy prices have an asymmetric effect on inflation. Meanwhile, global food prices do
not significantly influence CPI in the long run, for increases (LPF") and decreases (LPF-).

Exchange rate has a positive effect on CPI. An asymmetric effect is found in this model
where a reduction in the exchange rate (LER") or appreciation does not significantly reduce
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CPL. On the contrary, an increase in the exchange rate (LER™) or depreciation of the rupiah
significantly increases CPI, which means it causes inflation. With a.= 1 percent, an increase
in the exchange rate or depreciation of the rupiah significantly causes inflation with a more
significant coefficient. This result means that rupiah depreciation significantly affects rising
CPI more than rupiah appreciation in decreasing CPI. In other words, the depreciation of
the rupiah is more significant in causing inflation than the appreciation of the rupiah in
causing deflation.

The money supply, as measured by M1, which shows the level of economic liquidity,
has a significant impact on increasing the CP1. Monetary expansion, characterized by an
increase in the money supply (LMS®), increases the CPI significantly, which means it
causes inflation. Likewise, a monetary contraction indicated by a decrease in the money
supply (LMS") also significantly reduces the CPI, which means it causes deflation. The
difference in coefficients for increases and decreases in money supply indicates a positive
asymmetric effect on increases and decreases in CPI.

Table 4. Long-run coefficients

Variable | Coefficient Conclusion
LPEN” 0.0641 Not significant
LPEN- 0.1775*** | Significant at a = 1 percent and in line with expected positive value
LPF* 0.0647 Not significant
LPF- 0.0007 Not significant
LER" 0.8252*** | Significant at a = 1 percent and in line with expected positive value
LER- 0.4690 Not significant
LMS* 0.5402*** | Significant at o = 1 percent and in line with expected positive value
LMS- 1.0948*** | Significant at a = 1 percent and in line with expected positive value

The regression results with the quantile regression model are added to complete the
discussion of the long-run NARDL model regression results. The aim is to enrich the
discussion by demonstrating that asymmetric effects are possible not only between the
effects of increases and decreases in global energy and food prices, exchange rates, and
money supply but also differences in effects between CPI levels, which are differentiated
between quantiles. Applying quantile regression can also overcome heteroscedasticity and
non-normality problems in the model. The regression results with the quantile regression
model are presented in Table 5.

The quantile regression with the middle quantile (median) shows that only a decrease
in global energy prices significantly affects decreasing CPI and not an increase in energy
prices, which increases CPI. These results confirm the estimation results of the NARDL
model and show the existence of an asymmetric effect of changes in global energy prices
on changes in CPI. Figure 4 shows that in almost all quantiles, increases in energy prices
(LPENY) do not significantly influence the increase in CPI and have low coefficients that
are close to zero. Meanwhile, decreases in energy prices (PEN-) significantly reduce CPI
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and have a relatively high coefficient compared to the coefficient for increases in global
energy prices. These results confirm the results of the NARDL model that changes in
international energy prices have an asymmetric positive influence on CPI in the long run.

Table 5. Regression results of the quantile regression model (Median)

Variable | Coefficient Conclusion
C 3.6460

LPEN* 0.0044 | Not significant

LPEN- 0.1314*** | Significant at a. = 1 percent and in line with expected positive value
LPF* -0.0362 | Not significant

LPF- -0.0117 | Not significant

LER* 0.4378*** | Significant at a. = 1 percent and in line with expected positive value
LER- -0.2910*** | Significant at o = 1 percent but not in line with expected positive value
LMS* 0.3011*** | Significant at a = 1 percent and in line with expected positive value
LMS- 0.4845*** | Significant at a = 1 percent and in line with expected positive value

The increase in global food prices (LPF*) did not significantly affect the rise in CPI
in all quantiles, with most coefficients below zero. Meanwhile, the decline in global
food prices (LPF-) significantly impacted the decline in CPI only in the upper quantiles,
especially the 7th and 8th quantiles. In general, these results also confirm the results of
the NARDL model estimation for the insignificant effect of global food prices on CPI for
both increases and decreases in the long run.

An increasing exchange rate (LER™) or depreciation of the rupiah in almost all quan-
tiles, except the first quantile, significantly increases the CPI, which means it causes
inflation. The positive coefficients confirm the impact of rupiah depreciation, which can
cause inflation as estimated by NARDL, and provide additional information that signif-
icant rupiah depreciation causes inflation to occur at almost all CPI levels. Meanwhile,
due to the negative coefficients, the appreciation of the rupiah exchange rate (LER") did
not reduce the CPI significantly as expected. In conclusion, the rupiah exchange rate has
an asymmetric effect on the CPI, and an asymmetric exchange rate pass-through occurs.
Exchange rate pass-through is only significant when the rupiah depreciates against an
increase in CPI.

From the monetary side, a significant increase in money supply (LMS™) increases the
CPI, which means it causes inflation. Likewise, a substantial decrease in money supply
(LMS") reduces the CPI, which means it causes deflation. With positive coefficients but
with a different size, the money supply has an asymmetric effect on CPI, confirming the
NARDL model’s estimation results. Reducing monetary aggregates through M1 signifi-
cantly reduces CPI in the long run with a more significant impact than increasing monetary
aggregates, which increases CPI.
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Quantile Process Estimates
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Figure 4. Quantile regression estimation

The short-run effects captured by the NARDL model estimates are presented in Table 6.
As expected, the decline in global energy prices (LPEN-) did not significantly reduce the
CPI in the short run. Meanwhile, the increase in world food prices (LPF*) significantly
caused inflation in the short run. In the short run, the effect of rupiah depreciation (LER")
was distributed for two months with a total negative effect on CPI changes and not meet-
ing expectations. On the other hand, the appreciation of the rupiah (LER") had effects
distributed over two months, but the total effect was positive on changes in CPI. So, the
rupiah appreciation significantly reduces CPI or can cause deflation. From the monetary
side, only an increase in money supply (LMS¥) significantly influences changes in CPI,
while a decrease in money supply (LMS-) has no significant effect. There is a symmetric
effect in the short run where an increase in money supply (M1) significantly increases CPI
or causes inflation, while a decrease in M1 does not significantly reduce CPI.

The ECT coefficient in the model is significant, with negative values less than zero and
higher than -1. This result means that CPI level will move towards long-run equilibrium
when CPI deviations in the short run are corrected.
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Table 6. Short-run coefficients

Variable | Coefficient Conclusion

ADLCPIL, | 0.1517** |Significant at o = 5 percent and in line with expected positive value

ADLCPI, | -0.1138** | Significant at a. = 5 percent but not in line with expected positive value

ALPEN-, | -0.0138* |Significant at a = 10 percent but not in line with expected positive value

ALPF*, 0.0422** | Significant at a = 5 percent and in line with expected positive value
ALER", -0.0177 | Not significant

ALER* , |-0.0582*** | Significant at o = 1 percent but not in line with expected positive value
ALER-, 0.0038 | Not significant

ALER, | 0.0656*** |Significant at a = 1 percent and in line with expected positive value

ALMS* | 0.0547*** | Significant at o = 1 percent and in line with expected positive value
ALMS-, -0.0181 | Not significant

ECT,_, |-0.0398*** | Significant at o= 1 percent and in line with expected value

4.2. Discussion

Global energy prices have asymmetric effects on CPI. The increase in global energy prices,
mainly caused by rising oil prices, does not significantly increase the CPI in the long run.
The role of energy subsidies, especially fuel and gas subsidies for households, makes it
possible to inhibit the significant increase in CPI due to rising global energy prices. The
policy simulation in the study conducted by Akhmad et al. (2023) shows that an increase
in fuel prices without being supported by an increase in subsidies will impact increasing
inflation in Indonesia. Results of the study conducted by Murjani (2022) confirm that energy
subsidies significantly reduce CPI in Indonesia in the short and long run. The increase
in world oil prices is the most critical contributor to the increase in domestic fuel prices.

On the other hand, a significant decrease in energy prices reduces the CPI in the long run
with a coefficient greater than the coefficient for an increase in energy prices. The decline
in world energy prices creates favorable conditions for controlling domestic inflation. The
empirical finding that a significant effect is only proven for a decrease in global energy
prices on a decrease in CPI rather than an increase in energy prices on an increase in CPI,
in the long run, is possible because of the nature of asymmetric price rigidity as stated by
Levy et al. (2020). The impact of energy subsidies allows prices to be more rigid upward
rather than downward. The findings of the asymmetric effect complement the results of
research conducted by Bala and Chin (2018), which shows that in the short and long run,
the asymmetric effect of changes in energy prices influences domestic inflation.

The estimation results of the ARDL and Quantile Regression models show that overall
increases and decreases in world food prices do not significantly increase or decrease CPI
in the long run. The role of food subsidies, such as rice subsidies and market operations by
BULOG, a state-owned public company engaged in food logistics, helps stabilize food prices
so that stable prices can be maintained from increases and decreases in global food prices
in the long run. Food subsidies effectively control consumer prices, as supported by a study
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by Ginn and Pourroy (2022), which found that food subsidies can reduce inflation volatility.
Food subsidies can also create food price rigidity. Meanwhile, food price fluctuations that
affect the CPI are also largely caused by domestic factors related to food production and
availability disruptions. Therefore, increases and decreases in global food prices do not
significantly increase and decrease CPI in Indonesia in the long run. The increase in global
food prices significantly increases the CPI in the short run. The primary commodities that
Indonesia still imports include wheat, rice, sugar, soybeans, milk, beef, and garlic. Domestic
consumption needs cannot be immediately met by production but by imports, allowing the
effects of rising global food prices to be passed through to consumer prices in the short run.
The finding of this asymmetric effect complements the results of research conducted by
Furceri et al. (2016), Samal et al. (2022), and Arintoko et al. (2023) that in addition to the
long run, global food prices have a positive impact on domestic inflation in the short run.

Apart from rising global energy and food prices, exchange rate depreciation can also
cause import prices to increase, which can further increase the CPI, which means inflation.
Oil and food import activities when the rupiah depreciates will significantly impact the
increase in domestic food prices contributing the increase in CPI. The exchange rate is
the most dominant and considerable factor causing inflation in this research and confirms
previous studies, including those by Fetai et al. (2016) and Sek (2022). In the long run,
rupiah appreciation does not significantly reduce CPI, while depreciation significantly
increases CPI. Therefore, there is an asymmetric exchange rate pass-through in the long
run. Depreciation of the rupiah rather than appreciation, which is passed on to the CPI
through import prices, which is usually called asymmetric exchange rate pass-through,
has been widely proven in several previous studies, including research by Kassi et al.
(2019), Musti (2020), and Fandamu et al. (2023).

Our study uncovers asymmetric exchange rate effects in the short run. Unlike the long
run, a significant appreciation of the rupiah leads to a reduction in CPI, while depreciation
does not show a substantial increase in CPI. Rupiah appreciation has a more pronounced
impact on decreasing CPI than depreciation’s impact on increasing CPI. Therefore, we
can empirically demonstrate the asymmetric effect of exchange rates on CPI in both the
short and long run, albeit under different circumstances.

Money supply by M1 has a significant effect on CPI both when M1 increases and
decreases. A significantly growing M1 increases the CPI in the long run, while a di-
minishing M1 decreases the CPI. This indication shows that inflation as a monetary
phenomenon is supported in this study. In the long run, an increase in the money supply
increases the CPI, which means it causes inflation. Conversely, a decrease in the money
supply reduces the CPI. Increases and decreases in money supply due to adjustments
through monetary policy significantly affect CPI. Therefore, inflation is directly related
to monetary aggregates, which increase in the long run. These results confirm previous
empirical findings, including studies conducted by Roshan (2014), Kugler and Reynard
(2022), and Madurapperuma (2023). Meanwhile, in the short run, only an increase in M1
causes a significant rise in CPI, while a decrease in M1 does not. The implication is that
when the money supply increases, the monetary authority will focus on monetary control
to stabilize prices in the short run.
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5. Conclusions

This research aims to analyze the asymmetric influence of changes in global energy and
food prices and monetary variables, including the exchange rate and money supply, on the
CPI. Overall, the research results summarize that global energy prices have an asymmetric
positive impact on CPI in the long run. The increase in energy prices does not have a
significant effect on increasing the CPI. On the other hand, the decline in global energy
prices significantly reduces the CPI. Energy subsidies to households have a direct impact
by inhibiting increases in consumer prices amidst rising global energy prices, which have
the potential to be passed through to consumer prices.

The asymmetric influence of food prices on CPI only occurs in the short run. Food
subsidies allow domestic consumer prices to experience rigidity so that they have no sig-
nificant impact on CPI, either increasing or decreasing in the long run. In the short run,
global food prices significantly increase the CPI.

The exchange rate has a positive influence on CPIL. The asymmetric effect of the ex-
change rate is characterized by a more significant impact of rupiah depreciation on changes
in CPI in the long run. Depreciation of the rupiah increases import prices, which is then
transmitted to an increase in the CPI, which causes inflation. Meanwhile, in the short
run, the appreciation of the rupiah significantly impacted the decline in CPI. The impact
of the exchange rate on CPI has a significant positive effect. The effect of the exchange
rate also has a significant influence with differences in coefficients between various CPI
levels identified through quantile regression.

Money supply as a monetary aggregate through M1 is proven to have a significant
positive influence on CPI in the short and long run, according to theoretical expectations.
The increase in CPI means that inflation is still a monetary phenomenon, despite other
causal factors.

The monetary authority is the monetary policy maker that implements its policies to
control inflation and does not only focus on the targeted monetary aggregate. However,
in implementing monetary policy, the central bank must also pay attention to the causes
of inflation from the supply side. Inflation originating from the supply side is strongly
influenced by changes in global energy, food prices, and exchange rates. The synergy of
policies and inflation control efforts carried out by the central bank is essential. This plays
a vital role by increasingly coordinating and communicating with the central and regional
governments to stabilize inflation. Efforts that can be increased could be more focused
on the availability and adequacy of energy and food supplies. Apart from that, efforts are
also needed to reduce dependence on food and energy imports to minimize risks when
there is an increase in global energy and food prices. Subsidies are essential to prevent
rising inflation, but they must also be accompanied by efforts to provide renewable energy
as an alternative for future energy consumption. Finally, it is essential for exchange rate
stabilization efforts to remain focused on controlling and stabilizing import prices.
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