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ABSTRACT

This paper analyses the impact of oil price and exchange rate variations on the economic order quantity (EOQ) of the zinc importing industry in 
Colombia. As a methodology, a vector autoregressive model (VAR) is applied, which allows quantifying how the variation of one variable impacts 
another in a dynamic system of equations. The results show a negative impact on EOQ by exchange rate revaluation due to increased import costs. 
On the other hand, oil price increments generate growth in the EOQ because the peso appreciates, purchasing imported raw materials inexpensive.
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1. INTRODUCTION

Given the global competition that requires increasing business 
competitiveness, companies must have an adequate inventory 
control system. A good inventory policy with rigorous controls 
brings with it advantages such as reduced costs and production 
times, increased customer satisfaction, improvements in 
production efficiency, benefits of economies of scale, minimization 
of expenses in inventory investment, among others, (Ballod, 2014).

Nonetheless, in a globalized world where markets are 
interdependent, companies can see their operations affected by 
fluctuations in the international prices of different raw materials. 
According to the above, the supply chain of a given industry 
can be impacted by the increase in fuel prices (Andriolo et al., 
2014), which is linked to the prices of energy raw materials such 
as petroleum. In addition, if an organization needs to import raw 

materials for its operation, the volatility of the exchange rate will 
affect the transaction costs (Bergstrand, 1985 y Reinhart, 1995). 
Due to this, it can be identified that the supply chain of the different 
companies related to imports or exports are susceptible to the 
volatility of economic and financial variables such as exchange 
rates and oil prices (Hammoudeh and Yuan, 2008).

In oil-exporting countries like Colombia, the exchange rate 
is strongly linked to the price of oil (De Truchis y Keddad, 
2016, Golub, 1983), since, if its prices increase, there is an 
introduction of international currencies to the economy, which 
generates a devaluation of currencies such as the dollar leads 
to its great use for international transactions (Sinnott et al., 
2010). Therefore, the increase in oil prices affects the volatility 
of the exchange rate, but in turn, it can increase the cost of 
fuel, making it relevant to identify how it impacts the supply 
chain and inventory management. The latter, with the purpose 
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that decision makers in the business sector can optimize their 
operation.

Considering that inventories represent an asset due to the fact that 
there is a significant investment of money, it would be convenient 
to take into consideration the models of economic order quantity 
(EOQ), elements involved in risk and return. Furthermore, it is 
necessary to take into account factors, such as the price of oil and 
the exchange rate that allows determining the effects that these 
variables cause on the EOQ. This can be achieved by using vector 
autoregressive models (VAR). Thus, establishing the relationship 
that exists between the exchange rate, oil prices and the EOQ to 
determine what measures should be addressed regarding decision 
making in this field (Rodríguez, 2002).

Hereby, this in investigation seeks to answer the questions:

What is the impact of the variation in the price of oil and the 
exchange rate on the EOQ of a zinc importing industry in 
Colombia? To solve this question, we intend to use econometric 
models such as autoregressive vectors (VAR) that, through a 
system of equations, allow us to identify how the fluctuations of 
one variable impact on another. Finally, this article is divided into 
five sections: introduction, theoretical framework, methodology, 
results, and conclusions

2. LITERATURE REVIEW

2.1. Supply Chain
According to Zuluaga et al. (2014), a supply chain is a network 
of facilities and distribution that involves transportation in the 
movement of raw materials, finished and semi-finished products 
from one entity to another. This includes all the operations 
carried out by a company, from the acquisition of resources that 
it needs to function, to the production and delivery of the goods 
it produces (Oca et al., 2018). In the supply chain, quantitative 
criteria, such as money must be taken into account (Klibi et al., 
2010) and qualitative criteria, such as government policies, human, 
financial, and information resources, among others, that generate 
risk in decision making for each of the links in the chain (Jiménez 
et al., 2021).

Consequently, within the chain the distribution network is 
influenced by transport costs since they are increased by distance. 
The greater the distance travelled, the greater the cost, and this 
cost affects the chain, due to the increase in fuel prices. Authors, 
such as Andriolo et al. (2014) determine that transportation costs 
are increasing, becoming an increasingly important factor in lot 
size and inventory decisions, since fuel prices are directly related 
to prices of raw materials such as petroleum, which causes an 
increase in oil prices to generate an increase in fuel prices (Gurtu 
et al., 2015), which in turn directly impacts the transportation in 
the supply chain, affecting EOQ and lot size.

2.2. Petroleum-Dollar and Raw Materials
The relationship between the price of the dollar and the prices 
of raw materials traded in this currency is based on the law of a 
single price for tradable goods. Bearing in mind this law, it can be 

argued that a decrease in the price of the dollar should be amortized 
through an increase in the prices of raw materials in dollars, in 
order to guarantee the maintenance of the level of the amount 
measured in dollars. Likewise, given that in most international 
markets raw materials are traded in dollars, a decrease in the price 
of this currency increases the purchasing power and the purchase 
of raw materials by external consumers (Gilbert, 2010).

On the other hand, the price of oil in countries that are dedicated 
to its export affects the exchange rate and could present a 
phenomenon that brings an adverse effect on the industry of a 
country known as the Dutch disease. As a result of this, it generates 
deindustrialization and productive dependence on tradable sectors 
such as mining, exposing the local currency to revaluation, 
(Corden, 1984). Poncela et al. (2017) in a study carried out for 
Colombia, find indications of the existence of cointegration 
between the exchange rate and the price of a barrel of crude oil. 
This study identifies that a rise in oil prices in Colombia generates 
an appreciation of the currency.

Similarly, in countries that export oil, such as Colombia, oil 
prices have large effects on the exchange rate, which can have 
repercussions on business operations. Likewise, according to 
data from the National Department of Statistics of Colombia 
(DANE- for its acronym in Spanish) it can be verified that oil 
and its derived products have an important weight in the total 
of all exports carried out by Colombia. Since the barrel of oil is 
traded based on the prices stipulated in the international market, 
a large percentage of the country’s exports are subject to a price 
which has influences that are beyond its control. This leads to 
the consequence where a large amount of the dollars that enter 
the country due to exports are also subject to the price of a barrel 
of oil, therefore, at a lower price, fewer dollars enter and the 
representative market rate (TRM-for its acronym in Spanish) 
increases (Candelo, 2018).

2.3. Inventories, Petroleum, and Exchange Rate
Ramírez and Manotas-Duque (2014), identify that within 
organizations it is important to carry out inventory management 
as an investment. Since decisions are made that are continuously 
affected by a wide range of possibilities, forcing companies to 
consider the possible adverse effects that it brings to the inventory 
management policy. For Rodríguez (2002), when considering 
inventories as an investment project, it should be considered that 
we are facing uncertain variables, such as the exchange rate that 
affects the price of imported raw materials, hence, it is necessary 
to examine the different possible actions to take.

Perilla (2011) explains how the variation in crude oil prices 
alters the cost of production, this due to the use of fuels and other 
derivatives. Besides this, it is also affecting investment decision-
making, such as inventories. Since there is an appreciation of the 
local currency, importing raw materials can be carried out locally at 
lower cost. On the other hand, Frenkel and Ros (2006) have carried 
out studies on how the variation in oil prices has effects on the 
exchange rate. Lanteri (2012), proposes a VAR model considering 
variables such as stock ratios, monetary policies, exchange rates, 
among other variables, to determine the role that inventories play 
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in the price of agricultural raw materials, leading to the results that 
these prices are affected by the depreciation of the dollar.

In accordance with Lenard and Roy, cited by Santos and Rodrigues in 
the control of inventory levels studied by Harris in 1913, the aim is to 
include the formulation of an economic order quantity (EOQ), which 
is very important to enhance the level of inventory in a company, so 
inventory represents a large part of logistics costs. These take into 
account the opportunity cost of maintaining inventories. Overall, 
Ray and Chaudhuri (1997), formulate a model derived from the 
EOQ, which considers items such as macroeconomic factors such 
as the value of money over time and inflation rates.

Teksan and Geunes (2016) propose an EOQ model considering 
the influence of the price of supplies, products in the economy and 
the profitability of production. Furthermore, in the process they are 
able to identify remarkable relationships between model parameters 
and the characteristics of optimal pricing and production planning 
decisions, as well as optimal profit per time unit and production 
profit margins. Cepeda and Jiménez (2016) state a dynamic inventory 
model taking into account economic variables such as market needs, 
price variations and the influence this has on inventories.

León-Orozco (2020), make use of the EOQ model, and based on 
autoregressive vectors (VAR- from its acronym in Spanish) to 
carry out the purchase of raw materials in order to establish the 
importance between inventories and how these have an impact 
on the cash flow. Bulinskaya (2003), insists on the exploration 
of new points of view on how to address the management of 
inventory problems, delving into a broader scope of financial risk 
management. Mohr (2017) takes into consideration the making 
of optimal supply decisions considering the variation in prices, 
treating inventory problems hand in hand with making financial 
decisions. Hammoudeh and Yuan, (2008) express that the prices 
of materials have a unified behaviour because they are usually 
affected by macroeconomic factors, such as exchange rates, 
inflation, and the production of the industries.

For this reason, oil exporting countries like Colombia see their 
exchange rate affected, by the fluctuation of the prices of that 
raw material (Candelo--Viafara y Oviedo-Gómez, 2021), in this 
sense, when the exchange rates fluctuate, the prices of imported 
raw materials for different companies vary, which means that a 
variation in the exchange rate can increase order costs, affect the 
inventory level and, therefore the EOQ.

Figure 1, shows the relationship between the variables mentioned in 
this theoretical framework. It can be seen that oil prices can affect 
the EOQ in two ways; the first one occurs when oil prices fluctuate, 
affecting the exchange rate and therefore the costs of ordering 
imported products, which ends up impacting the quantity of the final 
order. The second one occurs when oil prices fluctuate, fuel prices are 
affected, impacting transportation costs and the distribution network.

3. MATERIALS AND METHODS

This research aim is to identify the impact of the increase in oil 
prices and the exchange rate on the economic order quantity 

(EOQ). EOQ proposed by Wilson (1934) is initially calculated, 
and then a Vector Autoregressive model (VAR) proposed by 
Sims (1980) is used, given that it is one of the most widely used 
econometric models that allows identifying how the fluctuations 
of financial or macroeconomic variables impact a specific variable. 
This methodology has been used by different authors to analyze 
its impact on different elements of the supply and inventory 
chain, such as Alshami and Muley (2020), Almaraj and Trafalis 
(2020), Lanteri (2012), León-Orozco (2020). Additionally, the 
autoregressive vector methodology has been used by Candelo-
Viafara and Oviedo-Gómez (2020) to measure the impact of the 
prices of some commodities on the Colombian industrial operation.

According to the above, the EOQ is given by the following 
equation [1]

Q AD
vr

=
2  (1)

Where 𝑄 is the quantities to order, 𝑄 is the cost of ordering, 𝑄 is the 
monthly demand for the item, 𝑄 is the unit value of the item and 𝑄 
is the percentage cost of inventory maintenance. After calculating 
the EOQ, an Autoregressive Vector model (VAR) proposed by 
Sims (1980) will be estimated, which allows measuring the impact 
of one variable on another in a dynamic system of equations, 
eliminating endogeneity problems. The structural VAR model can 
be expressed for two variables as follows:

y b b x b y b x et t t t yt= + + + +− −11 12 13 1 14 1  (2)

x b b y b y b x et t t t xt= + + + +− −21 22 13 1 14 1  (3)

Where xt and yt are the stationary endogenous variables, eyt and 
ext are white noise errors with zero mean and constant variance. 
It can be written in matrix form as follows:

Bz z et o t zt= + +−1 1  (4)

Where 𝑄 is the matrix that contains the estimation parameters of 
the variables in the same time period, zt is the vector of endogenous 
variables, δ0 contains the constants of the model, δ1 is the matrix 
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Figure 1: Relationship between oil prices and the exchange rate with 
the EOQ
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of lag estimators, zt-1 is the vector of lagged variables, ezt are the 
errors of the model. The vectors and matrices of the model can 
be seen below:
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Finally, the following equation shows the VAR model in a 
simplified version, which can be represented as follows:

Z z et o t zt= + +−1 1 �
(5)

3.1. Data
To determine the relationship between the EOQ, oil prices and 
the exchange rate, data provided by DANE on the quantities of 
raw materials imported at the national level and in this particular 
case, from the zinc importing industry in Colombia due to data 
availability, similarly, a history of the TRM values reported 
by the Banco de la republica from Colombia, and the Brent oil 
prices reported in FRED data were used.

In particular, to calculate how many tons of a certain material was 
imported at the national level, the results presented by DANE 
were used. The amounts are shown in billions of dollars in this 
information, making it necessary to use the historical prices that 
are used in the international markets, in order to be able to calculate 
how many tons of the chemical substance were imported. Table 1 
describes the variables used, units and their source.

In like manner, the EOQ was calculated for the entire zinc 
importing sector in Colombia as a case study, making an estimate 
of 61 months in the period from May 2016 to May 2021. The 
unit order cost necessary to estimate the EOQ is calculated by 
multiplying the value of tons of zinc in the market by 0.5%. 
The demand for Zinc is obtained from the number of tons in the 
national market reported by DANE, likewise, the price of each 
ton was obtained from FRED data. Finally, the cost of inventory 
maintenance is established at 2% according to Vidal, (2010).

In accordance with the above, the vector of variables that will 
allow us to identify the impact of the exchange rate and oil prices 
on the EOQ is presented below,

y Brent RMR pzinc EOQt = [ , , , ]
'

Which is organized from the most endogenous variable to the 
most exogenous.

Where Brent is the international price of a barrel of oil, RMR is the 
representative market rate (peso-dollar) in Colombia, pzinc is the 
price per ton of Zinc and finally the EOQ which is the economic 
order quantity. It should be noted that the price per ton of Zinc is 
introduced in the model, due to the negative relationship of this 
variable with the quantities, since according to the economic and 
inventory control theory proposed by authors such as Mills (1959), 
Petruzzi and Dada (1999) and Chen et al. (2006) the higher the 
prices, the lower the demand for a product.

Figure 2, shows the behaviour of the price of Zinc and the price of 
Brent oil, where it is noticed that they have a similar behaviour as 
of the year 2019. Further, it is concluded that there is an inverse 
relationship between the price of a barrel of Brent oil and the RMR 
because when the price of a barrel of oil decreases, the price of 
the dollar increases and vice versa.

Figure 1 depicts that until the end of 2018, the EOQ shows a highly 
fluctuating behaviour with respect to the variables of the price of 
a barrel of oil and the exchange rate, highlighting that when the 
RMR decreases the EOQ increases, this it is due to the fact that 
there is a negative correlation between these two variables. On 
the contrary, when crude oil prices increase, the EOQ rises due 
to the positive correlation between these variables. Finally, as of 
2019, it is seen how the EOQ begins to behave similarly to the 
price of crude oil and inverse to the RMR. Regarding the above, 
Table 2 shows the descriptive statistics of the variables, in addition 
to highlighting that all prices are in US dollars.

Table 3 shows the correlation of the variables, considering that 
if one variable has a positive value with respect to another, it 
means that they have a directly proportional behaviour, but if 
the result is negative, it means that the variables have an inverse 
proportional behaviour. To this extent, it can be deduced that the 
EOQ only presents a positive correlation concerning to oil prices 
and presents a negative correlation with the variables of the TRM 
and the price of a ton of Zinc. The correlations that appear between 
the EOQ and the TRM are a negative value of –0.323660 toward 
to the correlation with oil prices, which shows a positive value of 
0.126617. On the other hand, the prices of a ton of Zinc present 
a negative correlation, which is very low because its value is 
very close to zero –0.05056. It should also be noted that there 

Table 1: Description of variables used
Variable Description Unit Source Name
Zinc imports in Colombia Colombian imports of Zinc Millions of US dollars DANE Impor Zinc
Price per ton of Zinc International average monthly 

price of tons of Zinc
dollars per-ton Fred Data Pzinc

Representative market rate
RMR

Monthly average Colombian 
pesos per dollar

Colombian pesos Bank of the Republic 
of Colombia

RMR

Brent oil prices Dollars per barrel American dollars Fred Data Brent
Own production
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is a negative correlation of –0.0.455710 between the TRM and 
Brent oil.

4. RESULTS AND DISCUSSION

Figure 3, shows the generalized impulse response functions of the1 
VAR model at two standard deviations; this shows that an increase 
in the price of tons significantly decreases the EOQ in the first two 
periods. Also, an increase in the exchange rate has a negative and 
significant impact on the EOQ in month 3–4 after the impulse and 
an increase in oil prices positively impacts the EOQ in the 3rd month.

1  To estimate the model, the variables must be stationary so that the mean and variance are 
constant according to Sims (1980) and since the variables do not meet this requirement, 
logarithm is applied to them to bring them to similar scales and they are differentiated. 
The model fulfills stability conditions at four lags

Table 4, shows the variance decomposition that allows us to observe 
the percentage that the variation in the price of a ton of zinc, the 
exchange rate and oil prices affect the volatility of the EOQ. The 
table shows that the price of zinc can affect the variation of the EOQ 
by an average of 7.20%, the exchange rate can affect the variation 
of the EOQ by 5.90% and oil prices can affect it by 3.43% variation 
of the EOQ. All this data is collected in a period of 7 months.

4.1. Stability Tests
To demonstrate that the model is stable, and the results are 
reliable, four tests must be met; the estimators must have a 
convergence where the sum of the estimators must be less than 
one, no autocorrelation, normality, and no heteroscedasticity of 
the residuals. As mentioned in the previous footnote, these 4 
conditions are met when four lags are applied to the model. On 
paper, Figure 4 shows the test of the root of the characteristic 
polynomial, where it is identified that the sum of the roots is less 
than one, since the radius of the circle shown is one unit.

Table 5 shows the test of no autocorrelation for each lag, where 
the null hypothesis is no autocorrelation and it is seen that the 
assumption is met, since the probability of each lag of accepting 
the null hypothesis is greater than 0.05.

Table 6 shows the normality test, where the null hypothesis 
establishes that the multivariate residuals are normal and, likewise, 
it is identified that the model meets this test since the probability 
of each lag accepting the null hypothesis is >0.05.

The last test to look at the stability of the model is non-
heteroscedasticity, where the null hypothesis test is non-
heteroscedasticity, in Table 7. It can be identified that the model 
meets this property since the probability of accepting the null 
hypothesis is >0.05.

Figure 2: History of the EOQ, P zinc, TRM and Brent between May 2016 and May 2021

Table 2: Descriptive statistics of the variables
EOQ PZinc Brent TRM

Mean 1371,682 2619,639 56.92971 3221,686
Medium 1364,856 2614,917 57.50773 3115.150
Maximum 2184,076 3532,900 81.03217 3986,560
Minimum 533.4549 1869,025 18.37850 2765,960
SD 356.1688 387.8775 12.61044 331.1762
Skewness 0.383881 0.153196 -0.487858 0.674193
Kurtosis 2.828554 2.652345 3.226517 2.183997
Observations 61 61 61 61
Own production

Table 3: Correlation of the variables
Variables EOQ PZinc RMR Brent
EOQ 1
PZinc –0.050566 1
TRM –0.323660 –0.476780 1
Brent 0.126617 0.575303 –0.455710 1
Own production
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Previous estimates have shown that an increase in the exchange 
rate decreases the EOQ and that, conversely, an increase in oil 
prices positively affects the EOQ. These results occur given 
that Colombia is an oil exporting country since there is an 
inverse relationship between the exchange rate and oil prices 
(Candelo, 2018), which in turn can affect the supply chain in 
different ways. In this case, when oil prices increase, there is 
an increase in dollars circulating in the economy, therefore, the 
dollar devalues and makes buying imported products cheaper, 
increasing the EOQ. On the other hand, a rising dollar makes it 
more expensive to buy raw materials abroad, which lowers the 
EOQ and purchasing power.

These findings are highly relevant, but the economic characteristics 
of the country must be taken into consideration, since in countries 
that do not export raw energy materials, the effect may be 

different, given that authors such as mention that an increase in 
oil prices increases the value of fuels, which in turn makes the 
supply chain more expensive, reducing inventories. In this case, 
for Colombia and the zinc importing sector, the increase in oil 
prices is compensated by the decrease in the dollar. In addition 
to the fact that the impact of expensive fuel is much less at high 
exchange rates.

Figure 3: EOQ response to Zinc prices, oil prices and exchange rate

Figure 4: Roots of the characteristic polynomial Table 4: Variance decomposition
Variable Percentage variation of EOQ
Price of Zinc 7.20%
RMR 5.90%
Brent 3.34
Own production

Table 5: Non-autocorrelation test
Null hypothesis: There is no serial autocorrelation

Lag Probability
1 0.1176
2 0.1554
3 0.2184
4 0.1108
5 0.3532
Own production

Table 6: Non-autocorrelation test
Null hypothesis: Multivariate residuals are normal

Lag Probability
1 0.6338
2 0.7751
3 0.1153
4 0.5139
All residuals together 0.6338
Own production
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The prior shows that macroeconomic and financial factors must 
be taken into account in inventory management, as proposed by 
Ray and Chaudhuri (1997), Teksan and Geunes (2016), Bulinskaya 
(2003), Hammoudeh and Yuan (2008), Ramírez and Manotas-
Duque (2014); given that in the case of the EOQ for zinc importing 
companies in Colombia when the TRM drops, the EOQ increases 
due to the reverse causality between these two variables and that 
when crude oil prices increase, the EOQ is higher due to the 
relationship existing between these, according to what Cepeda-
Jiménez (2016) and León-Orozco (2020) propose in their studies.

5. CONCLUSIONS

The objective of this study was to identify the effects of oil prices 
and the exchange rate on the EOQ for zinc importing companies 
in Colombia. For this purpose, autoregressive vectors (VAR) were 
used for the period between May from 2016 and May 2021. These 
results show that there is an inverse relationship between the EOQ 
and the TRM; this is due to the fact that a high exchange rate 
generates higher import costs and, in turn, reduces the purchasing 
capacity of companies. On the other hand, there is evidence of 
a positive relationship between the EOQ and oil prices. This is 
because of the fact that in Colombia there is an inverse relationship 
between oil prices and the exchange rate on many occasions, 
which allows an entry of currency thus devaluing the dollar and 
making imports cheaper.

The above shows how macroeconomic and financial factors can 
affect the supply chain as well as inventory management. Taking 
these results into account, investment risk analysis methodologies 
could be incorporated into inventory management, to carry out a 
prediction of the behaviour of macroeconomic and financial factors 
such as the TRM and the price of oil to identify the future cost of 
the inventory and thus carry out better management. Furthermore, 
future contracts can be made to mitigate the volatility of these 
variables.

Future research may be aimed at predicting the EOQ with 
different variables such as oil prices and the exchange rate 
with the use of tools such as autoregressive vectors, machine 
learning, and even differential equation models. This way future 
research can also contribute to the measurement of the impact 
of financial and macroeconomic variables in the different links 
of the supply chain, which would help to build more accurate 
inventory policies.
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