
Journal of Applied Mathematics and Physics, 2024, 12, 1237-1246 
https://www.scirp.org/journal/jamp 

ISSN Online: 2327-4379 
ISSN Print: 2327-4352 

 

DOI: 10.4236/jamp.2024.124076  Apr. 28, 2024 1237 Journal of Applied Mathematics and Physics 
 

 
 
 

Building the ARIMA Model for Forecasting the 
Production of Vietnam’s Coffee Export 

Duy Quang Phung1*, Quoc Thang Trinh2, Quang Truong Do2, Ngan Giang Nguyen2,  
Van Ha Nguyen2, Gia Khiem Ngo2, Thi Minh Ngoc Tran2 

1Faculty of Technology and Data Science, Foreign Trade University, Hanoi, Vietnam 
2School of Economics and International Business, Foreign Trade University, Hanoi, Vietnam 

 
 
 

Abstract 
Coffee is a significant industry, accounting for 3% of Vietnam’s GDP, with 
annual export turnover consistently exceeding USD 3 billion. Despite global 
economic challenges affecting purchasing power at various times, Vietnam’s 
coffee exports in December 2023 continued to surge, reaching the highest 
level in the past 9 months at 190,000 tons, a 59.3% increase compared to No-
vember 2023, but still a slight 3.5% decrease from the same period last year. 
The export turnover reached USD 538 million, a 51% increase from Novem-
ber 2023 and a 26.4% increase from the same period last year. Therefore, fore-
casting the coffee export volume holds significant importance for coffee pro-
ducers nationwide. This research employs the Box-Jenkins method to construct 
an ARIMA model for forecasting Vietnam’s coffee export volume based on an-
nual data published by the General Statistics Office. Results indicate that among 
the models considered, the ARIMA(1, 1, 2) model is the most suitable. The 
study also provides short-term forecasts for Vietnam’s coffee export volume. 
However, the current model is limited to forecasting and is not yet optimized, 
as the assumed linearity in the model is a simplification. 
 

Keywords 
ARIMA, Forecasting, Coffee Export Volume, Data Science 

 

1. Introduction 

Over the past three decades (counting since the reform in 1986), coffee has been 
one of the most important contributors to the revenue of Vietnam’s Agriculture 
in particular and to the entire national GDP in general. The Coffee Industry has 
created thousands of direct and indirect jobs, and is the main livelihood of many 
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households in agricultural production areas. The value of coffee exports usually 
accounts for about 15% of total agricultural exports and the proportion of coffee 
has always exceeded 10% of agricultural GDP in recent years. 

In recent years, Vietnamese coffee has developed strongly with export orienta-
tion and has now become the second largest producer and exporter in the world. 
Vietnam coffee has exported to more than 80 countries and territories, accounting 
for 14.2% of the global coffee export market share (after Brazil) and 9.1% of the 
market share (ranked 5th; after Brazil, Indonesia, Malaysia, and India), creating 
many opportunities and prospects for Vietnam’s coffee industry to penetrate dee-
per into international markets, through signed free trade agreements. The EU is 
Vietnam’s largest coffee market—accounting for 40% of the total quantity and 38% 
of the total export turnover of the country, followed by Southeast Asia—accounting 
for 13% of the total volume and total turnover. However, Vietnamese coffee is 
facing many challenges from the climate to competing with other crops and pro-
duction costs are rising higher while world coffee prices are at very low levels. In 
order to effectively exploit the strengths of coffee exports to limit the risks in the 
coffee bean business, the ARIMA model is built with the purpose of forecasting 
Vietnam’s coffee export output in the coming time, helping producers monitor to 
come up with export plans in accordance with the output situation obtained dur-
ing the production process of the year. 

2. Literature Review and Research Gap 

In fact, in recent years, research using the ARIMA model often focuses on eco-
nomic issues such as disbursement, stock price forecasts, unemployment rate 
forecasts, and crop output forecasts, planting, forecasting export value, etc. The 
work of Ahmad Farooqi [1] builds an ARIMA model following the approach of 
Box and Jenkins for the total annual imports and exports of Pakistan from 1947 
to 2013. Research by Bui Thi Minh Nguyet et al. [2] uses the ARIMA model to 
forecast Vietnam’s export value in the last 6 months of 2018 using Eviews soft-
ware. Experimental research results show that the most suitable model to forecast 
Vietnam’s export value with data from January 2010 to June 2018 is ARIMA(1, 1, 
16). The model results have predictive value with a fairly small error level com-
pared to reality. The work of Joseph Lwaho and Bahati Ilembo [3] sets out to 
develop a model for forecasting maize yields in Tanzania using the ARIMA mod-
el. Research by Nguyen Thi Hien et al. [4] uses the ARIMA model combined with 
data collected in the period from July 2009 to January 2023 to forecast inflation in 
Vietnam in the first half of 2023. The study of Omkar Poudel et al. [5] aims to de-
termine the model. ARIMA model and National Consumer Price Index (NCPI) 
forecast for Nepal, using annual data from fiscal years 1972-1973 to 2022-2023. 
Ramakrishna and Vijaya [6] used ARIMA model for forecasting of rice produc-
tion in India. Author Vo Van Tai [7] used different mathematical models of re-
gression and ARIMA time series to forecast Vietnam’s rice output. Depending 
on the list of data statistics, forecasting methods have advantages and disadvan-
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tages. The above scientific works all develop methods of time series theory in-
troduced in the book of Box and Jenkins [8] and the book of Brockwell and Da-
vis [9]. 

Each study involves the application of statistical techniques, particularly time 
series analysis, to analyze historical data and make forecasts or predictions for 
future trends in the respective economic indicators. However, very few studies 
related to the agricultural sector in general and the coffee import-export sector 
in particular. Not to mention that this is such an important field contributing to 
the development of the Vietnamese economy. If there are research articles on cof-
fee export, it was a long time ago and the forecast time is limited. Aware of a cru-
cial need, we decide to develop the topic: “Building ARIMA model for forecast-
ing Vietnam’s coffee export output”. 

3. Methodology 
3.1. Data Collection Methodology 

To gather data on Vietnam’s coffee export volume from 2000 to 2023, we con-
ducted a meticulous search process on the Internet. This involved a modeling 
procedure executed through the utilization of various online data sources. Specifi-
cally, we extracted data from reputable sources such as the Journal of Industry 
and Trade and the website of the Tuoi Tre Weekend newspaper. The process 
commenced with establishing a set of search criteria and proceeded with a tho-
rough analysis of the results obtained from these sources. 

During the search process, a range of relevant articles and documents were 
examined to ensure comprehensive and reliable data collection. Data sources 
were chosen based on their credibility and quality content, and all collected in-
formation underwent rigorous verification to ensure the highest level of accura-
cy and reliability. 

The data used in the article is Vietnamese coffee export data for the period 
2000-2023 compiled from the reports “Coffee exports” and “number 1 in the 
world” and “Coffee export challenges in Vietnam currently” website of the Minis-
try of Industry and Trade (VietNam). 

3.2. Data Processing 

Following data collection, the gathered data on coffee export volume underwent 
a meticulous processing procedure. This included verification, cleansing, and 
standardization of the data to eliminate any inaccuracies, deficiencies, or unreli-
able data points. Once the data was cleaned, we proceeded to organize and clas-
sify it by year, generating a structured dataset that is easily accessible for subse-
quent analysis and comparison. 

3.3. Model Specification 

ARIMA is a renowned family of time-series models that originated for its usage 
in economics. This family of models, capable of predicting future points in a time 
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series dataset, is appreciated for their statistical traits, their capacity to implement 
a range of exponential smoothing models, and the integration of the Box-Jenkins 
method during the model training phase. 

An autoregressive model is a model where the dependent variable is regressed 
on at least one lagged period of itself. If an autoregressive model includes one 
lagged period of itself, it follows a first-order autoregressive stochastic process, 
denoted AR(1). Furthermore, if the model includes p number of lagged periods 
of the dependent variable, it follows a pth-order autoregressive process, denoted 
AR(p). 

An autoregressive process may be used to forecast a time series. As mentioned 
earlier, a first-order autoregressive model is denoted AR(1) and is Yt regressed 
on Yt−1. An autoregressive model of the pth-order is denoted AR(p) and takes 
the form of: 

1 1 2 2t t t p t p tY Y Y Yϕ ϕ ϕ δ ε− − −= + + + + +                (1) 

where the constant is denoted by δ and εt is white noise [9]. 
In a moving average process, the dependent variable is regressed on current and 

lagged error terms and is therefore estimated through a constant and a moving 
average of the error terms. If the dependent variable is regressed on the current 
and one lagged error term, it follows a first-order moving average process, de-
noted MA(1). Moreover, a model that includes q number of error terms follows 
a qth-order moving average process, denoted MA(q). A MA(q) process is de-
fined as: 

1 1 2 2t t t t q t qY µ ε θ ε θ ε θ ε− − −= + − − − −                (2) 

where the error terms ε are assumed to be white noise and μ is the constant [9]. 
The ARIMA model is denoted ARIMA(p, d, q), which means that the AR is of 

the pth-order, the time series is integrated d number of times, and the moving 
average is of the qth-order. It is important to note that an ARIMA model is not 
derived from any economic theory, that is, it is a theoretic model. The Box-Jenkins 
methodology can be followed to determine p, d, and q and estimate an ARIMA 
model [9], and this model is defined as: 

1 1 1 1 2 2t t t t t q t qY Yϕ δ ε θ ε θ ε θ ε− − − −= + + − − − −             (3) 

The Box-Jenkins methodology consists of four consecutive steps that should 
be followed when building an ARIMA model. 

The first step is called identification, and the purpose of this step is to deter-
mine appropriate values for p, d, and q. The ACF and the Partial Autocorrela-
tion Function (PACF) with their respective correlograms are used for pattern 
detection of p, d, and q in the first step. The PACF measures the autocorrelation 
between observations in a time series that are separated by k number of lags and 
the intermediate autocorrelation between the lags are held constant. The choice 
of the AR(p) model depends on the PACF graph if it has a high value at lags 1, 
2, ..., p and decreases suddenly afterwards, and the PACF functional form gradu-
ally disappears. Similarly, choosing the MA(q) model is based on the ACF graph if 
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it has high values at lags 1, 2, ..., q and decreases sharply after q, and the PACF 
functional form gradually disappears. 

Estimation of the parameters in the model is the second step. The parameters 
of the ARIMA model will be evaluated according to the least squares method. 

Step three is diagnostic checking, which tests the chosen ARIMA model’s good-
ness of fit, usually done by testing if the residuals are white noise. In the case of 
residuals that are not white noise, step one, two, and three should be repeated 
using new values for p, d, and q. However, if the residuals are white noise, the 
model should be accepted and it is possible to proceed to step four. 

Forecasting is the fourth step where the model may be used to predict desired 
periods for the time series [9]. 

4. Results and Discussions 
4.1. Abbreviations and Acronyms 

In mathematics, stationarity is used as a tool in time series analysis. To develop a 
statistically meaningful model, it is necessary to check the stationarity of the time 
series data beforehand. A process is said to be stationary if it is a random process, 
characterized by a constant mean and variance of errors over time. In reality, 
most economic time series (raw series) are non-stationary. This implies that these 
time series have changing means and variances over time. However, when diffe-
rencing is applied, time series often become stationary. 

The time series used in the ARMA model are assumed to be stationary. There-
fore, to forecast the number of international visitors to Vietnam using the ARMA 
model, we need to consider whether these series are stationary. To affirm this, 
we can first rely on direct observation of the graph of the time series data and 
then proceed to test it. 

Figure 1 illustrates the fluctuations in the quantity of coffee exportation from 
Vietnam over the years (from 2000 to 2023), showing instability and an upward 
trend. Specifically, its mean tends to increase over each period. Therefore, it can be 
inferred that the coffee exportation quantity series is non-stationary. However, 
upon taking the first difference of this series, we obtain a new series, the variation in 
the coffee production across months (abbreviated as COFFEE-EXPORTATION), 
which does not exhibit a clear trend and revolves around a certain mean value 
(Figure 2). This is indicative of a stationary series. 

To confirm these hypotheses, the ADF and PP tests are employed to examine 
the consistency of the results. We use two different tests for unit roots: the 
Dickey-Fuller (DF) (1979, 1981) test and the Phillips-Perron (PP) (1988) test. 
The Augmented Dickey-Fuller (ADF) test is based on the following regression 
equation: 

1
0 1 11 ,p

t i t tix x x eα γ−
− −=

= +∅ ∆ +∆ +∑                  (4) 

where xt is the variable tested for unit root; ∆ is the first difference operator; α is 
the constant; and p is the number of lags included to avoid the problem of auto-
correlation in the residuals. The lag length in the ADF regression is selected  
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Source: From data and calculations on Eviews software by the authors. 

Figure 1. Evolution of Vietnam’s coffee export from 2000 to 2023. 
 

 
Source: From data and calculations on Eviews software by the authors. 

Figure 2. Fluctuations in Vietnam’s coffee export volume from 2000 to 2023. 
 

based on the minimum SBC. The null hypothesis in the ADF tests is that the se-
ries (which should be in level form) is nonstationary, i.e. it contains unit roots. 
To reject the null, the calculated test value has to be greater than the critical val-
ue. [9] is an alternative to the ADF test. It controls for serial correlation when 
testing for unit root and is based on the non-augmented DF-test equation. The 
key focus of this method is on modifying the t-ratio so that serial correlation does 
not affect the asymptotic distribution of the test statistic. 

For the original series, both the ADF and PP tests show test statistics exceed-
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ing critical values at the 1%, 5%, and 10% significance levels. Therefore, the null 
hypothesis Ho (the original series is non-stationary) cannot be rejected, indicat-
ing that the COFFEE_EXPORTATION series is non-stationary. This is unders-
tandable as original time series data often exhibit instability. 

However, for the first differenced series, the null hypothesis Ho is rejected as both 
the ADF and PP tests yield test statistics smaller than critical values at the 1%, 5%, 
and 10% significance levels. Thus, both testing methods are consistent, and it can be 
concluded that the first differenced series or DCOFFEE_EXPORTATION is sta-
tionary. 

4.2. Building ARIMA Model for the Chain of Fluctuations in  
Vietnam’s Coffee Export Volume 

To build the ARIMA model, we used a series of 20 observations from 2000 to 
2023. The past data is named COFFEE_EXPORTATION and then takes the 
most classified error of COFFEE_EXPORTATION, characterized as DCOFFEE_ 
EXPORTATION. 

Step 1: Identification (Determining the Trials p, d, q) 
The COFFEE_EXPORTATION data chain tested above shows that this chain 

stops at the wrong scale 1, we have d = 1. 
To determine p, [8] introduced the following method of identification: a se-

quence of stops of self-correlation of the p-level if: 1) the self-correlation coef-
ficient decreases slowly in the form of a hood or a synchronous shape, 2) the indi-
vidual part-coefficients decrease abruptly by zero meaningful immediately after 
the delay of p. 

From autocorrelation diagram and the separated correlation of the  
DCOFFEE_EXPORTATION sequence showing the existence of another coeffi-
cient 0, meaning at delay 1, in which after delay, a separated cofficient suddenly 
decreases in value equal to a meaningful zero. As a circle, p has a value of 1. Sim-
ilar to defining p, observing the autocorrelation chart and the separate correla-
tion of the DCOFFEE_EXPORTATION series, we find that q can carry one of 
the values: 1, 2. So, we have the ARIMA model (p, 1, q) with the combination of 
p and q found: 

1p =  and { }1,2q∈  

Step 2: Estimate Model Quantity 
To estimate the coefficients of the ARIMA(p, 1, q) models as identified above, 

the Eviews software was used. 
Step 3: Check 
To test the suitability of the models we are based on the AIC standard as small 

as possible and the significant variables. After testing the ARIMA models, the 
statistical results are summarized in Table 1. 

Tested, compared several models and found the ARIMA(1, 1, 1) model to be 
the most suitable. The model estimate results are presented in Table 2. 

Set Zt = DCOFFEE_EXPORTATION. 
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We have: 

1 10.042621 0.641698 0.482246t t t tZ Z U U− −= − − +           (5) 

Step 4: Forecast 
The short-term forecasts of Vietnam’s coffee export production based on the 

ARIMA model (1, 1, 1) are presented in Table 3. 
Table 3 shows that the forecast of Vietnam’s coffee export production in 2020 

is close to reality. This suggests that this ARIMA model (1, 1, 1) explains the vo-
latility of Vietnam’s coffee export production. However, the forecast for the next 
points is greater in error, which is why it is necessary to update the data regular-
ly in order to give more realistic forecasts. 

5. Conclusions 

The fluctuation in coffee export volume in Vietnam follows a time series that 
adheres to an integrated Autoregressive Moving Average (ARIMA) process with a  

 
Table 1. Statistical results of a number of standardized ARIMA test models. 

ARIMA model  
(p, d, q) 

AIC 
Adjustable correlation 

factor (R2) 
Significant variables 

(1, 1, 1) −0.649434 0.633517 3 

(1, 1, 2) −0.576212 0.603664 2 

Source: From data and calculations on Eviews software by the authors. 
 

Table 2. ARIMA model estimate result (1, 1, 1) for the COFFEE_EXPORTATION series. 

Variable Coefficient Std. error t-Statistic Prob. 

C 0.042621 0.011252 3.787949 0.0012 

AR(1) −0.641698 0.207181 −3.097276 0.0057 

MA(1) −0.482246 0.242750 −1.986593 0.0608 

Source: From data and calculations on Eviews software by the authors. 
 

Table 3. Vietnam’s coffee export production forecast results. 

Time Forecast Reality Standard error 

2020 1.57 1.57 0.61 

2021 2.01 1.68 0.61 

2022 1.78 1.78 0.61 

2023 1.70 1.62 0.61 

2024 1.81 
 

0.61 

2025 1.91 
 

0.61 

2026 1.75 
 

0.61 

Source: From data and calculations on Eviews software by the authors. 
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lag of 1, specifically characterized as ARIMA(1, 1, 1). Through the research, we 
observe that the fluctuation in coffee export volume annually is unstable and tends 
to increase. And through model validation, we can conclude that the first-order 
differenced series of COFFEE_EXPORTATION is a stationary series. The fore-
casted data for Vietnam’s coffee export volume in 2020 closely aligns with reali-
ty. This indicates that the ARIMA(1, 1, 1) model has effectively captured the va-
riability of Vietnam’s coffee export volume. Utilizing this model allows us to pro-
vide short-term forecasts for Vietnam’s coffee export volume to global markets in 
the coming years. Forecast results for the years 2024-2026 reveal a margin of er-
ror ranging from 0.61 units, which is not surprising given the economic volatility 
during that period. However, it is essential to note that while the ARIMA model 
serves as a forecasting tool, it is not yet optimized due to the assumed linearity in 
model dependency. 

Therefore, the forecast results from the ARIMA(1, 1, 1) model for coffee export 
volume from 2024 to 2026 can serve as supplementary reference material for man-
agement units, policy planners, and businesses seeking guidance on directions, 
strategies, and proposed solutions for the development of coffee-producing regions 
nationwide. This includes a particular emphasis on the application of advanced 
technology in production to enhance productivity and contribute to sustainable 
development in the future. 

In the upcoming years, there is a need to intensify exports to key markets such 
as Germany, the United States, Italy, Spain, and Japan. Leading up to 2030, di-
versifying coffee export products (Robusta, Arabica, Excelsa...) and prioritizing 
high-value processed coffee products will be crucial. Building Vietnam’s coffee 
export brand and reducing intermediary exports are also important goals. Addi-
tionally, efforts should focus on increasing exports to potential markets such 
as Russia, Belgium, Algeria, the United Kingdom, Malaysia, Thailand, France, 
South Korea, India, and markets with existing Free Trade Agreements. Explor-
ing new markets aligns with the target of achieving a USD 6 billion coffee export 
goal by 2030. 
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