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ABSTRACT 

The price and consumption of rubber experienced a decline due to the global economic 

crisis, the US-China trade war, and coronavirus. This situation is unprofitable for 

Indonesia, and it must develop new target markets. Central Europe is one of the 

potential markets for Indonesian rubber. This study aims to ascertain the performance 

of the Indonesian rubber exports to Central European countries and forecast its future. 

The research used Indonesian rubber export data to Hungary, Poland, and Romania 

from January 1999 to March 2021. Descriptive statistics and autoregressive integrated 

moving averages were used to analyze the data. In the last three decades, Indonesian 

rubber exports to Central Europe have risen. The short-term forecasting indicates that 

Indonesian rubber exports to Poland will increase; on the other hand, exports to 

Romania will experience a decline. Meanwhile, exports to Hungary were relatively 

stable. This result was obtained using ARIMA estimation with different models for 

each country, respectively ARIMA(1,0,5) in Poland, ARIMA(2,0,1) in Romania, and 

ARIMA(2,0,1) in Hungary.  
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INTRODUCTION 

Southeast Asian countries are the world's leading producers and exporters of natural 

rubber. Compared to other countries globally, Thailand and Indonesia have the most 

competitive rubber crops [1]. Both countries were able to export 82% and 74% of their natural 

rubber production in 2018. But, in 2019, the production of Thailand and Indonesia decreased, 

causing world natural rubber production also decreased by 1.3% from the previous year [2]. 

Currently, the world rubber trade competition is getting tighter with the emergence of 

Malaysia and Vietnam as suppliers to other countries. Malaysian natural rubber exports have 

risen in volume over the last two decades. In the same period, Malaysian processed rubber 

exports rose by up to 400% [3]. Meanwhile, in the last two decades, Vietnam increased its 

rubber production and exports due to its strategy to build new rubber plantations on 

unproductive agricultural areas and degraded natural forest lands [4].  

Nowadays, the four countries have agreed to establish an oligopoly and dominate 75% 

of the world rubber trade [5,6]. However, they were unable to control the price of rubber around 

the world completely. It tends to decline in the last five years [7]. On the other hand, world 
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rubber consumption in 2019 was also estimated to decline by 0.7% due to the trade war between 

the US and China [2]. China's rubber imports from Southeast Asia declined as a result of this. 

Even though, China is one of the world's largest rubber consumers [8]. The Covid-19 also 

exacerbates this condition, so the world rubber consumption is expected to fall by 8.9% (12.544 

million tons in 2020) relative to the previous year  

Indonesia is the most affected country by China's and the world's rubber trade 

uncertainty [8]. According to Antoni‒Tokuda [9], this will harm the national economy of small 

farmers. They are the primary managers of the rubber industry in Indonesia. They have almost 

85% of the rubber land, while private and government plantations manage the remainder. 

Meanwhile, the rubber price shocks in Indonesia will also impact other producer countries [10]. 

This situation is certainly unfavorable for Thailand, Malaysia, and Vietnam as rubber 

producers.  

As a result, Indonesia needs to implement a new strategy, diversify the market, or find 

new target markets. Indonesia must take advantage of its business environment, especially its 

ability to produce rubber and expand its market share [11]. One of the potential rubber sales 

markets is Central European countries. Until now, countries in this region have relied on rubber 

imports. Their need increases due to the development of the industry [12-14]. 

In this way, a study of the performance and forecast of Indonesian rubber exports to 

Central European countries is essential. This study will improve Indonesian rubber exports, 

strengthen its competitiveness, and progress in the international trade competition. Meanwhile, 

this study is vital for Central European countries to ensure the supply of raw materials for their 

industries, or it is called supply chain management. The Covid-19 pandemic has thrown Central 

Europe's economy into disruption. As usual, an economic disruption will require a long 

recovery time and cause households or credit institutions to behave more carefully in spending 

money than before the crisis [15]. Nowadays, the rubber processing industry will be one of 

Central Europe's top picks for economic recovery after this pandemic [16]. This study also 

shows that a country does not only rely on comparative and competitive advantage theory but 

also on accuracy in choosing its target market. Moreover, studies on Indonesian rubber exports 

to Central Europe have never been conducted by other researchers. 

 

LITERATURE REVIEW 

International Trade 

Many countries around the world desire globalization. There is a lot of ease in the flow 

of goods and services across borders, the movement of peoples and firms, the dissemination of 

cultures and ideas between countries, and the tight integration of financial markets across the 

world [17]. One of the exciting things is the trade of goods and services because many 

international institutions and agreements were initiated to create free trade. Many theories 

discuss trade, but the most popular in today's world is comparative advantage. 

According to David Ricardo's law of comparative advantages that a country should 

specialize in the production and export of the commodity in which its absolute disadvantage is 

smaller (has a comparative advantage) and import of the commodity in which its absolute 

disadvantage is greater (has a comparative disadvantage) [18]. In order to compete in the trade 

competition, a country must achieve the highest comparative advantages of its products and 

services. It will be determining the pre-trade relative prices in each country, efficiency 

production method, terms of trade, and the gains to be had for its trading partners [19,20]. 

Ricardo said that labor is the essential aspect of the comparative advantage, although 

some economic participants (capitalists, laborers, and landlords) and political economy are also 

involved in trade [21]. In fact, the country’s comparative disadvantage can turn into a 

comparative advantage if they can manage labor costs lower than other countries [18]. The 
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comparative advantage will affect the cost and price of a product or service. The producer with 

lower production and distribution costs will achieve a robust comparative advantage [19]. 

In particular, labor is not the only factor of production. There is also capital or another 

factor of production that allows substitution between these factors. Furthermore, labor ability 

and productivity also vary greatly, so it cannot be considered homogeneous, such as the 

assumption of comparative advantage [18]. The various controversies over low wages caused 

foreign trade unfairly, hurt other countries, and trade worse off [19]. Since this was such a 

severe shortcoming of the Ricardian model, it appears the Heckscher-Ohlin (H-O) model 

theoretically improves on and extends it. 

The H-O model explains that comparative advantage is influenced by the interaction 

between countries’ resources (the relative abundance of factors of production) and their 

production technologies (which influences the relative intensity with the different factors of 

production are used in the production of different goods). This model is also called the factor-

production theory because it emphasizes the interplay between the proportions in different 

production factors in different countries and how they are used in producing different products 

[19]. The HO model also identifies who benefits and who losses from opening trades. The 

intensively used factors in export products will have real gains if the relative price increases 

with trade openness but causes actual losses for other factors [17]. 

 

Indonesia in The World Rubber Trades 

After Thailand, Indonesia is the world's second-largest rubber producer and exporter. 

According to the Ministry of Agriculture, rubber plantations are concentrated in Sumatra, 

specifically in South Sumatra, North Sumatra, Riau, and Jambi [9]. Around 80% of Indonesian 

rubber production goes to the export market. Indonesian rubber is mainly exported to the United 

States, Japan, and China. 

Other exporter countries are Thailand, Malaysia, and Vietnam. Although competing for 

the same market, it turns out Malaysia and Thailand also import rubber from Indonesia. This 

shows that Indonesian rubber has the same quantity and quality compared to both countries. In 

addition, this condition is an indicator of integrated rubber trade between Southeast Asian 

countries [22]. However, Singapore has the highest rubber trade connectivity with Indonesia, 

mainly centers in the Sumatra economic corridor, due to lower import costs than other ASEAN 

countries. Indonesian rubber trade integration with other ASEAN countries will be more robust 

if there is an increase in economic growth, farmers’ welfare, and per capita income [23]. 

Several essential factors influence Indonesian rubber exports. For example, exchange 

rate volatility harms Indonesian rubber exports to India, Japan, South Korea, and the United 

States. Rubber exports to India will decrease due to high exchange rate volatility, both in the 

short and long term. Traders may be risk-averse due to high uncertainty. Exchange rate 

volatility will cause Indonesian rubber exports to South Korea to turn from positive to negative 

in the short term. A 1% rise in volatility is expected to result in a 0.5% reduction in exports in 

the long term. This change relates to the traders’ ability to adjust the export volumes in the long 

run [24].  

The price change will have a significant effect on Indonesian natural rubber exports. If 

the price of natural rubber drops by 1 US$, the total exports could decrease by up to 30 tons. 

Meanwhile, one of Indonesia’s ways to increase rubber exports is increasing production [25]. 

However, Indonesia can still return to equilibrium in the long run if there is a change in world 

rubber prices. Indonesia also has higher efficiency in adjusting its rubber prices than Malaysia 

and Vietnam [26]. 
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RESEARCH METHODS 

Data 

The data used in this study was Indonesian monthly rubber exports to Central European 

countries from January 1999 to March 2021. The source of the data was obtained from Eurostat. 

The type of rubber used in this study was natural rubber, balata, gutta-percha, guayule, chicle 

and similar natural gums, in primary forms or plates, sheets or strips or HS 4001. The samples 

in this study are Hungary, Poland, and Romania because they are the leading importers of 

rubber from Indonesia [27]. We use STATA software to analyze the data 

 

Data Analysis 

In this study, we want to ascertain Indonesian rubber exports' performance and forecast 

the future to Central European countries. We use descriptive analysis to discuss about 

Indonesian rubber exports' performance. Meanwhile, an alternate analysis of AR 

(Autoregressive) or MA (Moving Average) or ARMA (Autoregressive Moving Average) or 

ARIMA (Autoregressive Integrated Moving Average) is utilized to forecast future Indonesian 

rubber exports. The use σof these analytical alternatives depends on the stationarity test. In this 

study, we used the Augmented Dicky-Fuller test to determine the data stationarity. The 

hypotheses used in the Augmented Dicky-Fuller test are: 

 

H0: Zstat > Zcalc, there is unit roots or variable is not stationary 

H1: Zstat < Zcalc, there is not unit roots or variable is stationary 

 

Analysis of time series data is usually faced with non-stationary data problems. The data 

must be made stationary by using differencing. This can eliminate (or reduce) trends and 

seasonality by removing changes in the level of a time series [28]. We can use the analysis 

model in a variety of ways if a time series is stationary. 

In this study, we intend to create forecasts for Indonesian rubber exports, which are 

indicated by Y at time t (Yt). If we model Yt as: 

 

Yt = α1(Yt−1) + μt                                                    (1) 

notes: 

𝛿 = the mean of Y  

μt = uncorrelated random error term with zero mean and constant variance 𝜎2 (white noise) 

 

Model (1) in econometrics is known as a first-order autoregressive. or AR(1). In this 

model, the value of Y at time t is determined by its value in the previous period and a random 

term; the Y values are expressed as deviations from their mean value. But if we consider this 

model 

 

Yt = α1(Yt−1) + α2(Yt−2) + μt                                        (2) 

 

then we say that Yt follows a second-order autoregressive, or AR(2), process. That is, 

the value of Y at time t is determined by its value in the previous two time periods, the Y values 

are represented around their mean value 𝛿. 

When (1) and (2) are combined, we can have 

 

Yt =  α1(Yt−1) + α2(Yt−2) + ….. + α𝑝(Yt−p) + μt                             (3) 

Yt = ∑ 𝛼𝑖
𝑝
𝑖=1 (Yt−i) + μt                                                          (4) 
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in which case Yt is a pth-order autoregressive, or AR(p), process. 

 

The AR process that we just discussed isn't the only one that may have resulted in Y. 

Assume we model Y in the following way: 

 

Yt = μt + 𝛽0μt + 𝛽1μt−1                                        (5) 

  

In this model, the value of Y at time t is equal to a constant plus a moving average of 

the current and past error terms. Thus, in the present case, we say that Y follows a first-order 

moving average, or an MA(1), process. But if Y follows the expression 

 

Yt = μt + 𝛽0μt + 𝛽1μt−1+ 𝛽2μt−2                                       (6) 

 

then it is an MA(2) process. When (5) and (6) are combined, we can have 

 

Yt = μt + 𝛽0μt + 𝛽1μt−1 + 𝛽2μt−2 + ….. + 𝛽𝐼μt−I                           (7) 

    Yt = μt + 𝛽0μt + ∑ 𝛽𝑖𝜇𝑡−𝑖
𝑞
𝑖=1                    (8) 

 

is an MA(q) process. In short, a moving average process is simply a linear combination 

of white noise error terms. 

It is quite likely that Y has characteristics of both AR and MA and is therefore ARMA. 

It can be written as 

 

Yt = ∑ 𝛼𝑖
𝑝
𝑖=1 (Yt−i) + μt + μt + 𝛽0μt + ∑ 𝛽𝑖𝜇𝑡−𝑖

𝑞
𝑖=1                 (9) 

 

where μt is expected as 0. 

 

Yt = 𝛽0μt + ∑ 𝛼𝑖
𝑝
𝑖=1 (Yt−i) +  ∑ 𝛽𝑖𝜇𝑡−𝑖

𝑞
𝑖=1                           (10) 

 

or commonly written as 

   

   Yt =  𝜃 +  α1Yt−1 + 𝛽0μt  + 𝛽1μt−1                          (11) 

 

𝜃 represent a constant term. In general, in an ARMA(p,q) process, p was autoregressive 

and q was moving average terms. 

Equation (10) can also be written 

 

Yt −  ∑ 𝛼𝑖
𝑝
𝑖=1 (Yt−i) = 𝛽0μt +  ∑ 𝛽𝑖𝜇𝑡−𝑖

𝑞
𝑖=1                           (12) 

 

or equivalent by 

 

(1 − ∑ 𝛼𝑖𝐿
𝑖𝑝

𝑖=1 )𝑌𝑡 = (1 + ∑ 𝛽𝑖𝐿
𝑖𝑞

𝑖=1  )𝛽0μt              (13) 

 

Furthermore, there is another ARMA(p,q) development model called ARIMA(p,d,q), 

where p is the order (number of time lags) of the autoregressive (AR) model, d is the degree of 

difference needed to makes the data stationary, and q is the order of the moving average (MA) 

model [29].This model is used to solve many economic time series problems that are 

nonstationary, that is, they are integrated. 
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George Box and Gwilym Jenkins formulated the Box Jenkins methodology to develop 

the ARIMA model, which gives the best fit to underlie time-series observations and meets the 

principle of parsimony. The critical thing to remember is that to use the Box–Jenkins 

methodology, we must have either a stationary time series or a time series that is stationary 

after one or more differencing. 

The steps for implementing ARIMA are creating stationarity of the model; identifying 

autocorrelation function (ACF) and partial autocorrelation function (PACF) of the sample data 

to determine the order of the model (the residual lag value or q and the dependent lag value or 

p); selecting the best ARIMA model based on the smallest number of parameters; checking the 

feasibility of the model specifications; and forecasting [30]. 

For example, (1 − 𝐿)𝑑 is a unit root of (1 − ∑ 𝛼𝑖𝐿
𝑖𝑝

𝑖=1 ), so: 

 

(1 − ∑ 𝛼𝑖𝐿𝑖𝑝
𝑖=1 ) = (1 − ∑ 𝜑𝑖𝐿

𝑖𝑝
𝑖=1 )(1 − 𝐿)𝑑               (14) 

Then (13) can be rewritten as: 

 

   (1 − ∑ 𝜑𝑖𝐿𝑖𝑝
𝑖=1 ) (1 – L)d Yt = (1 + ∑ 𝜃𝑖𝐿𝑖𝑞

𝑖=1 )𝜀𝑡                          (15) 

         

(1 − ∑ 𝜑𝑖𝐿
𝑖𝑝

𝑖=1 ) (1 – L)d Yt = 𝛿 + (1 + ∑ 𝜃𝑖𝐿𝑖𝑞
𝑖=1 )𝜀𝑡              (16) 

An ARIMA (p, d, q) process = 
𝛿

1− ∑ 𝜑𝑖
 

 

FINDINGS AND DISCUSSION 

Figure 1 shows total rubber exports from Southeast Asian countries to Central European 

countries: Bulgaria, Czech Republic, Hungary, Poland, Romania, and Slovenia. Indonesia 

began to export rubber to Central European countries in 1990, with the leading destination in 

Czech Republic, Hungary, Poland, and Romania. Furthermore, Indonesia began exporting 

rubber to Bulgaria and Slovenia in the mid-1990s. Indonesia has been the primary exporter to 

these countries until this day. Even the share of rubber exports to Bulgaria, Poland, Romania, 

and Slovenia continued to increase. In contrast, the share of exports to the Czech Republic 

began to decline due to being taken over by Vietnam. 

 

Figure 1. Southeast Asian rubber exports quantity to Central Europe during January 1999 – March 2021 (in 

quintals) 

Source: Eurostat (2021) 
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Rubber has been grown in Vietnam for over 120 years or since the French colonial era. 

Rubber remains pioneering in economic, political, cultural, and social development in Vietnam 

today [31]. But, not all rubber plantations in Vietnam have attained high levels of technical 

efficiency. Only 21% of Vietnam's state rubber farms achieve it [32]. 

Thailand, another rubber exporter, began exporting rubber to Central Europe in 2000. 

Thailand's share of rubber exports continued to grow rapidly, especially in Poland and Romania, 

indicating that the expansion was a huge success. Thailand has several rubber development 

policies, like conducting research on drought-resistant plant breeding, developing production 

technology, increasing the rubber and tire products industry's competitiveness, and integrating 

into downstream industries. As a result, Thai rubber production is favorable [33,34].  

Malaysia was Indonesia's biggest rival in 1990, but its market share is declining due to 

being taken over by other countries. Malaysia faces several problems, including poor 

management, limited capital access, and slow farmer regeneration. The government began to 

reduce subsidies, resulting in decreased productivity. Meanwhile, Malaysia's overall 

consumption of natural and synthetic rubbers continues to increase. As a result, they have 

decreased natural rubber exports to another country while increasing imports from Thailand 

and Côte d'Ivoire [35]. 

One reason for the massive rubber exports from Southeast Asia to Central Europe is the 

free trade agreement. The European Union signed free trade agreements with Vietnam in 2012, 

Indonesia in 2016 and is now negotiating with Thailand and Malaysia. The focus of the trade 

liberalization agreement is to increase the intensity of trade relations by reducing tariff and non-

tariff barriers, increasing trade liberalization and investment in services and improving 

technological advances and skills in the goods, services and investment sectors. Now, the 

average of the EU's standard external tariff (CET) imposed on natural rubber imports into 

Central Europe is just 0 - 0.32% [36]. 

 

Performance of Indonesian Rubber Exports 

From figure 1, it can also be seen that Indonesia dominates on rubber exports to Central 

Europe. The main destinations for Indonesian rubber exports were Poland, Romania, and 

Hungary (Table 1). The number of Indonesian rubber exports to Slovenia is also high, but this 

country is the only transit place for Indonesian rubber exports. This is because only Slovenia 

has ports in the Central European area, while other countries are isolated in the European 

continent. The decision to export through the Slovenian Koper port was taken to save costs and 

time compared to the ports of Hamburg and Rotterdam. After arriving at the Slovenian Koper 

port, rubber from Indonesia will be distributed to other countries in the Central European region. 

 
Table 1. Descriptive statistics of Indonesian rubber exports to Central European countries during January 1999 – 

March 2021 
Variable Obs Mean Std. Dev. Min Max 

DECLARANTP ~ D 0     

Bulgaria 267 24.20 88.28 0 806 

Czechia 267 10035.43 5391.81 0 24658 

Hungary 267 10305.21 9709.92 0 45965 

Poland 267 22041.40 9480.31 403 48662 

Romania 267 14138.34 8887.61 788 38176 

Slovenia 267 7529.36 3672.01 0 21462 

Total 267 64073.94 20594.67 19260 120521 

Source: Eurostat, processed (2021) 

 

Bulgaria and the Czech Republic are potential destinations for Indonesian rubber 

exports. As stated earlier, exports to Bulgaria only started in 2009 and are rapidly increasing. 

Bulgaria re-exports rubber to other European Union countries. Meanwhile, Vietnam has taken 

over the Czech Republic's rubber export market. This happened not because the Indonesian 
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rubber price was higher than Vietnam, but because Vietnam had already signed a free-trade 

agreement with the European Union. 

 

 

Figure 2. Indonesian rubber exports quantity to Central European countries during January 1999 – March 2021 

(in quintals) 

Source: Eurosatat (2021) 

Poland is the leading importer of Indonesian rubber in Central Europe, followed by 

Romania and Hungary (Figure 2). According to Landesmann [37], the rubber industry is 

growing rapidly in the three countries. Since 1997, the profitability of the Polish rubber industry 

has risen by more than 5%, with the highest investment growth reaching 49.9%. In the same 

period, Hungary's rubber industry contributed 22.21% of the country's manufacturing gross 

outputs, worth 41,5 billion forints. A lot of foreign investment has also flowed into Romania to 

establish rubber processing companies, especially tire manufacturing. 

Rubber in all three countries is the most widely used commodity in tire plants. Rubber 

tire plants have been established in Poland since 1939, but their operations began in 1950. The 

factory was modernized and developed over the next period, 1954-1960. Then the tire 

manufacturing technology in Poland developed, so increased the rubber demand [38]. Like 

Poland, Romania's most significant rubber users are the tire plants [39]. 

The tire industry in Central Europe has attracted foreign investment. Bridgestone 

(Japan), Goodyear Dunlop (USA), and Michelin are only a few tire plants in Poland. 

Continental (Germany), Michelin (France), and Pirelli (Italy) all have factories in Romania. 

Large companies such as Continental, Goodyear, Michelin, Hankook (South Korea), and 

Bridgestone have formed joint ventures, acquired existing companies or built new firms in 

Hungary. Rubber imports in all three countries increased due to this growth [13,37,40]. 

Next, rubber is also used for public construction and private facilities in Poland, 

Romania, and Hungary. In the road-building process, rubber and oily sludge can be used as an 

asphalt binder mixture. Since this mixture can withstand low temperatures of −28 °C, so the 

asphalt surface layer does not crack [41]. Another advantage of this material is reducing energy 

consumption to obtain asphalt mix for road paving [42]. Meanwhile, rubber can be injected into 

the hollow concrete blocks. As a result, mechanical wave reduction in composites maintaining 

approximately the same compressive and bending strengths as solid concrete blocks. It also 

makes the production process more accessible and cheaper [43]. 
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The footwear industry also makes extensive use of rubber. This industry can 

accommodate a massive number of workers and is still growing today [44]. Rubber is also 

found in the medical sector, such as the rubber dams used by dentists [45]. 

Meanwhile, innovations in the use of rubber continue to develop in these three countries. 

Finally, rubber waste can be used as heat and electricity sources. This waste is processed by an 

anaerobic thermal decomposition (thermolysis/pyrolysis) used on an industrial scale and 

consists of the degradation of polymer bonds into low molecular weight [46]. 

Although rubber imports to Poland, Romania, and Hungary continue to increase, 

Indonesia must remain alert because Romanian and Hungarian rubber imports from EU 

countries have increased. As a result, the value of rubber imports from non-EU countries, such 

as Indonesia, has decreased [27,47]. 

 

Forecast of Indonesian Rubber Exports 

After knowing Indonesian rubber exports to Poland, Romania, and Hungary, a forecast 

is necessary to see the improvement of these exports in the future. Before performing the 

ARIMA analysis, we used the Dicky-Fuller test to determine whether the data stationary (Table 

2). 
Table 2. Dicky-Fuller test for Indonesian rubber exports to Poland, Romania, and Hungary 
  Interpolated Dicky-Fuller 

 Test-statistic 1% critical value 5% critical value 10% critical value 

Poland Z(t) -8.973 -3.459 -2.879 -2.570 

Romania Z(t) -9.123 -3.459 -2.879 -2.570 

Hungary Z(t) -5.912 -3.459 -2.879 -2.570 

MacKinnon approximate p-value for Z(t) = 0.0000 

 

The Dicky-Fuller test results in Table 2 show that all data in each country are stationary. 

This can be seen from Zstat < Zcalc, or it can be said that H0 is rejected. In this way, Indonesian 

rubber exports to Poland, Romania and Hungary can be analyzed using the ARIMA model. 

Then, we perform analysis to determine AR and MA model orders for each country, resulting 

in a different ARIMA model. The findings of this analysis will result in several alternative 

ARIMA models. In theory, to select the best model, we use the results of BIC (Bayessian 

Information Criterion), AIC (Akaike's Information Criterion), ACF (Autocorrelation Function) 

and PACF (Partial Autocorrelation Function). 

Following a model comparison, the best ARIMA for each country is as follows: Poland 

with ARIMA(1,0,5), Romania with ARIMA(2,0,1), while Hungary with ARIMA(2,0,1). There 

are several alternative models other than the model mentioned before; for example, Poland has 

two alternative models, ARIMA(1,0,2) and ARIMA(1,0,3), ARIMA(1,0,1) and ARIMA(1,0,3) 

are alternative models that exist in Hungary, whereas ARIMA(1,0,1) and ARIMA(1,0,3) are 

alternative models that exist in Romania (1,0,2). To determine the best model with robust 

forecasting, we use the BIC and AIC values in Table 3. The ARIMA model was selected from 

each country to be the best model in this study because it has the lowest AIC and BIC values 

compared to other alternative models. Furthermore, the residual pattern of ACF and PACF in 

the selected model has a relatively stable pattern within the 5% confidence level range. This 

can help provide robust forecasts (Figure 3 and Figure 4).  

 
Table 3. Results of AIC and BIC for Indonesian rubber exports to Poland, Romania, and Hungary 

Model N ll(null) ll(model) Df AIC BIC 

Poland 267  -2729.886 8 5475.772 5504.47 

Romania 267  -2616.819 5 5243.637 5261.573 

Hungary 267  -2679.379 6 5370.757 5329.281 

Source: secondary data analysis (2021) 
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(a) (b) 

 
(c) 

Figure 3. ACF residuals for Indonesian rubber exports to Poland (a), Romania (b), and Hungary (c) 
Source: secondary data analysis (2021) 

 

  
(a) (b) 
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(c) 

Figure 4. PACF residuals for Indonesian rubber exports to Poland (a), Romania (b), and Hungary (c) 
Source: secondary data analysis (2021) 

 

After determining the best ARIMA model, the last stage of this study is forecasting 

Indonesian rubber exports to Poland, Romania, and Hungary. The results of the forecasting 

analysis are presented in Table 4. 

 
Table 4. Forecast of Indonesian rubber exports to Poland, Romania, and Hungary from April 2021 – March 2022 

(kg) 
Time Poland Romania Hungary 

2021m4 22,995.71 31,356.36 12,966.37 

2021m5 28,042.55 30,205.68 13,692.37 

2021m6 26,267.82 29,885.60 13,867.76 

2021m7 25,162.64 29,746.95 13,573.72 

2021m8 25,725.89 29,648.28 13,422.71 

2021m9 25,375.70 29,558.76 13,372.73 

2021m10 25,056.96 29,471.67 13,290.87 

2021m11 24,766.83 29,385.55 13,191.45 

2021m12 24,502.76 29,300.08 13,103.00 

2022m1 24,262.39 29,215.18 13,021.16 

2022m2 24,043.62 29,130.83 12,939.74 

2022m3 23,844.48 29,047.03 12,859.87 

Source: secondary data analysis (2021) 

 

The results of forecasting analysis vary widely between countries. The most significant 

growth in Indonesian rubber exports was Poland, which initially increased to 21% but gradually 

declined. At the end of the forecasting period of this study, March 2022, Indonesian rubber 

exports to Poland were 3.6% higher than in April 2021. The opposite condition occurred with 

Indonesian rubber exports to Romania which experienced a significant drop. Over the 

forecasted one-year period, Indonesian rubber exports fell by 7.36%. Meanwhile, exports to 

Hungary grew by 6.95%. This condition only lasted for a short period until it fell back to the 

beginning position. In other words, Indonesian rubber exports to Hungary are actually in a 

stagnant position. 

Fluctuations in Indonesian rubber exports to the three countries arise due to several 

issues that must be resolved immediately. First, lousy quantity, quality, and post-harvest 

handling. Most of the rubber in Indonesia is old trees due to the limited number of natural rubber 

seedlings and farmers’ reluctance to replace them with high-yielding clonal varieties. Its 

productivity continues to decline, and the product coagulates very quickly (decline in quality). 
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Moreover, since the plantations are located far from the marketing place, the farmers decide to 

sell their products in the coagulated slabs. As a result, Indonesian rubber has lag productivity 

even though the country is still the largest producer globally [7,48,49]. 

Second, capital constraints, which make it difficult for farmers to obtain bank loans. 

This is due to farmers' inability to repay loans or good administration. Finally, farmers have to 

borrow money from intermediaries and must sell their produce to these traders [49]. 

Third, the low rubber prices at the farmer level. This could be due to asymmetric 

marketing information. Farmers are not well informed about the marketing channels and the 

quality and price of rubber. They sell rubber based on previous experiences, habits in their 

environment, or debt deals that bind them to traders. Finally, traders always give prices 

arbitrarily, without distinguishing between good and poor-quality rubber. If the situation 

remains like this, it will encourage the conversion of rubber agroforestry areas into land for oil 

palm, food crops, and other crops [48,49]. 

Last, understanding the interests of Central European customers. Currently, Central 

European countries will follow EU sanitary & phytosanitary regulations and environmental 

requirements. As a forest commodity, the rubber must meet the sanitation & phytosanitary and 

chemical content standards, has a plant health certificate provided by the exporting country's 

appropriate competent authority, and get out from phytosanitary inspections at EU entry points 

[27]. 

EU consumers also expect products to have an Eco-Label because this means that the 

commodity has the least possible adverse environmental effects. The sustainability concept has 

not been completely implemented in Indonesia. Until now, the government tries to push natural 

rubber plantations to be more environmentally friendly [7]. According to some studies, the 

expansion of plantation areas in Indonesia, including rubber plantations, resulted in the 

conversion of around 28% of the total protected areas in peatlands [50,51]. 

  

CONCLUSION 

Indonesia had to be creative in finding markets for its rubber exports due to competition 

with other countries, a trade war between the US and China, and the Covid-19 pandemic. One 

of the potential areas in Central Europe, which has many rubber processing industries. Over the 

last three decades, Indonesian rubber exports to Central Europe have increased, with Poland, 

Romania, and Hungary becoming the main destinations. Indonesian rubber exports to these 

countries are expected to increase. Over the last three decades, Indonesian rubber exports to 

Central Europe have increased, with Poland, Romania, and Hungary becoming significant 

destinations.  

The short-term forecasting for Indonesian rubber exports to the three countries shows 

different results. Rubber exports to Poland will increase; on the other hand, exports to Romania 

will experience a decline. Meanwhile, exports to Hungary were relatively stable. This result 

was obtained using ARIMA estimation with different models for each country, respectively 

ARIMA(1,0,5) in Poland, ARIMA(2,0,1) in Romania, and ARIMA(2,0,1) in Hungary.  

We believe that Indonesia still has a comparative and competitive advantage for rubber 

exports to Central Europe. But, the Indonesian government requires several policies to realize 

the results of this study. First, improving cultivation. This is related to encourage the use of 

high-yield rubber varieties. Since this clone has been shown to increase the quantity and quality 

of products, it will provide many benefits for farmers and the government. This suggestion is 

also related to the monitoring program for implementing Good Agricultural Practices to meet 

consumer demand in Central Europe, especially sanitary and phytosanitary regulations, 

chemical content, and environmentally friendly products. In addition, farmers need easy access 

to capital. The government should encourage the allocation of the village funds (a grant from 
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the central government to the village government that amounts to almost 5.5 million euros per 

village per year) to help farmers. 

Second, improving the trading system to provide incentives for producers. So far, 

farmers sell rubber to intermediaries and get low prices. The government needs to build various 

marketing facilities, such as an auction market and set the selling price of rubber at the producer 

level. The government also needs to strengthen cooperation between industries and farmers in 

the smallholder nucleus plantation scheme. This scheme has proven to provide farmers with 

market and price certainty. Improvements in trading systems also need to be supported by 

complete transportation facilities to deliver rubber from farmers' production areas to the market. 

The construction of road and other transportation facilities needs to be continued, especially in 

rural areas 

Third, Indonesian rubber must be actively promoted in Central European countries. This 

is to anticipate competition with other producer countries. Moreover, Indonesian rubber is 

cheaper than that of Thailand, Vietnam, and Malaysia. In addition, Indonesia has also taken 

advantage of free trade cooperation with the European Union because rubber exports are not 

subject to import tariffs. Indonesia must also strengthen cooperation with Slovenia, which has 

the only port in Central Europe. This is to facilitate rubber exports to Central Europe easier and 

save on transportation costs.  
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