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Abstract 

 
The transportation production cost (TPC) considerably has strong influence to the national economic 
condition. This paper focused on the analysis of the transportation production cost sensitivity in relation to 
the variation of the external affecting factor, which are fuel price, rupiah exchange rate and Bank of 
Indonesia interest rate. Based on the R2 values, the TPC components in general have significant correlation, 
with the fuel prices. However, they do not have high correlation to the fluctuation of interest rate and rupiah 
exchange rate. The sensitivity analysis shows that a 10% rise on fuel price would cause 6%, 2%, 7%, 2.4%, 
and 4.9% rise on the TPC of intercity bus, ferry ship, interisland ship, train, and airline, respectively. 

Keywords: sensitivity analysis, transportation production cost, external affecting factor. 
 
INTRODUCTION 

Transportation has a strategic role as a driving force of a nation’s economic 
development. As a part of a system, the transportation sector will always either impose or 
draw the effect of any policy made by each member of the system, either direct or 
indirectly. In the transportation sector, inter-modal sensitivity can be observed from the 
effect of the low-fare air transport action resulting in the decreasing demand of other 
transportation mode.  

Realizing that the sensitivity is inevitable, efforts to examine and manage it need to 
be done so that the negative effects of the sensitivity can be measured and minimized, and 
therefore do not interfere with the transportation sector performance. This study describes 
the sensitivity of the transportation production cost (BPP–Biaya Pokok Produksi), in 
relation to the variation of several affecting factors. The study also examines the ability to 
pay (ATP) and the willingness to pay (WTP) for passengers using sea, road, air, and 
railway transportation and the correlation to transportation production cost.  

 
THE SIGNIFICANT FACTORS 

Several external significant factors reviewed in this study are fuel prices, exchange 
rate of ID Rupiah to US Dollar and the interest rates. The variation of fuel prices (gasoline 
and diesel fuel) and jet fuel (avtur) from the year 2000 to 2006 is shown in Figure 1. 
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Figure 1 The variation of Fuel Prices During the 2000-2006 Period 

 
The rupiah exchange rate affects cost of transportation modes which use US $ for 

its operation. Air transport is one of the modes significantly affected since it uses 
enormous portion of components which use US $ as standard. The fluctuation of ID 
Rupiah’s exchange rate to US $ in the 2001-2006 period is shown in Figure 2. 

The interest rate is considered to have significant influence towards components of 
transportation production cost. The fluctuation of Bank Indonesia’s Interest Rate in the 
January 2001 – December 2006 period is shown in Figure 3. 
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Figure 2 ID Rupiah’s Exchange Rate to US $ in 2001-2006 Period. 

 
TRANSPORTATION PRODUCTION COST 

There are several components influencing tariff, besides regulation and market 
mechanism, Tariff is affected either directly or indirectly by the production cost. When the 
production cost is high then the tariff must be adjusted to cover the cost and thus generate 
profit. However, when the tariff is too high the industry needs to take steps to improve 
company efficiency and reduce costs thus lowering the tariff and make it more affordable. 
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Figure 3 Bank Indonesia’s Interest Rate in January 2001 – December 2005 Period 

 
The proportions of the components comprised in the transportation production cost 

(TPC) are shown in Figure 4 to Figure 8. 
 

 

 

 

 
 

 

 

 

Figure 4 Proportions of TPC Components for Intercity Bus Operation 

 

 

 

 

 

 

 

 

 

 

Figure 5 Proportions of TPC Components for Ferry Operation 
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Figure 6 Proportions of TPC Components for Interisland Ship Operation 
 

 

 

 

 

 

 

 

 

 

 

Figure 7 Proportions of TPC Components for Train Operation 
 

 

 

 

 

 

 

 

 

 

Figure 8 Proportions of TPC Components for Airline Operation 
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TRANSPORTATION PRODUCTION COST SENSITIVITY  

Correlation of TPC Components Variation to Fuel Price 

In intercity bus operation, some of the most significant components affecting the 
TPC are fuel cost (39.1%), depreciation (16.3%), maintenance (11.5%), crew (8.9%), tyre 
(8.7%), and interest (8.2%). TPC component sensitivity analysis is done by comparing the 
TPC components value variations to fuel prices. The variation of those TPC components in 
the 2000 – 2005 periods is shown in Figure 9. 
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Figure 9 Variation of Cost Components for Intercity Bus Operation (2000-2005) 

 
In ferry ship operation, some of the most significant components affecting the TPC 

are maintenance cost (23.1%), capital interest (20.0%), and ship depreciation (13.3%). The 
cost components reviewed were the ship prices, wages, tariff and maintenance cost to fuel 
price fluctuation. The information regarding the correlation of the above components is 
shown in Figure 10. 
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Figure 10 Variation of Cost Components for Ferry Operation (2000-2005) 
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Significant components of the rise of transportation production cost for interisland 
ship operation are fuel cost (50.4%), ship depreciation (14.11%), passenger service 
(8.83%) and repairs, maintenance and supply cost (3.82%). Therefore, the cost components 
reviewed for evaluation after the fuel prices rise are passenger service cost and RMS cost. 
The information on this matter is shown in Figure 11. 
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Figure 11 Variation of Cost Components for Interisland Ship Operation (2000-2005) 

 
Components of cost that have large effect on the transportation production cost for 

train operation are the yearly track access charge (TAC) cost (15-16%), rolling stock 
maintenance cost (15-17%), fuel cost (10-12%), and coach depreciation cost (6-22%). Cost 
components being reviewed for evaluation due to the rise of fuel prices are coach 
maintenance cost and fuel cost. This is shown in Figure 12. 
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Figure 12 Variation of Cost Components for Train Operation (2000-2005) 

 
Components of cost that have large effect on the transportation production cost for 

airline operation are fuel cost (49.95%), maintenance cost (36.54%), passenger insurance 
cost (4.44%), and ground handling cost (2.71%) Cost components being reviewed for 
evaluation due to the rise of fuel prices are maintenance cost, fuel cost, and ground 
handling cost. This is shown in Figure 13. 



Sensitivity analysis of transportation production costs (Ade Sjafruddin, dkk) 29 

0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

8,000

June January March October January June

2000 2002 2005 2005 2006 2006

Rupiah

Gasoline

Diesel Fuel

Lubricant

Ground
Handling

Maintenance

Avtur

 
Figure 13 Cost Components Variation of Air Transport 

 
Regression Equations 

From the regression analysis, the resulting equations, R² and t-stats for cost 
components having significant proportions to TPC for all modes are presented in Table 1. 
The table shows that based on the R2 values, the TPC components in general have 
significant correlation, with the fuel prices. But, they do not have high correlation to the 
fluctuation of interest rate and rupiah exchange rate. 

One of the interesting things to note are the TPC components for ferry ship and 
interisland ship operation. In these modes, the interest rate does have good correlation but, 
the sign of some coefficients are not as expected. DM fluctuation has a significant 
correlation to the TPC components for ferry ship and interisland ship operation. This is 
mainly because components that have respectively large proportion in the TPC such as 
ship depreciation, capital interest and ship prices were purchased in DM. Therefore the 
fluctuation of Rupiah-DM exchange rate has significant effect to TPC. 

Next, the t-stat values show the level of influence of each attribute to the mode-
selection model equation. Each attribute’s t-stat value is compared to the critical t-stat 
value. With a confidence level of 95% (therefore using critical t-stat value of t0.025 at 
±4,303 for the degree of freedom of two, while for confidence level of 90% then the 
critical t is t0.05 at ±2,920. With taking a confidence level of 90% for the intercity bus mode 
there are two components having absolute value of less than 2,920 which are depreciation 
cost and capital interest cost. This shows that theoretically the two components have low 
level of correlation to the selected model. In the correlation equation for ferry crossings, 
there are two TPC components having absolute value lower than 2,920, which are 
depreciation cost and fuel cost. Meanwhile to the Rupiah-DM exchange rates there is one 
component which is fuel cost. 

For interisland ship operation, there is one component having absolute value lower 
than 2,920 which is fuel cost. For train operation, there is also one component which is 
maintenance cost. Whereas for air transport, the reviewed component is fuel cost and 
having absolute value greater than 2,920. 
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Sensitivity Analysis of TPC due to Changes of External Factors 

The TPC sensitivity analysis is carried out by using two scenarios in order to 
provide a better representation. In the 1st scenario, the sensitivity analysis is carried out by 
inputting the values of the TPC components (within 4 milestones of change as resulted by 
the survey) into the TPC calculation formula. Next, a regression analysis is conducted to 
determine the correlation of the 4 (four) TPC values due to fuel prices changes, Bank 
Indonesia’s interest rate and the foreign currency exchange rate. 

In the 2nd scenario, the calculated correlation of the TPC components related to the 
external factors of fuel prices changes, Bank Indonesia’s interest rate and the US $ 
exchange rate  will be used to acquire the TPC components value (aside from the 4 
milestones). In this scenario there is a TPC value change that strongly correlates to the 
external factors’ changes (with R2 = 1). However, the weakness of the acquired equations 
lies on the varying correlations among the TPC components due to changes in external 
factors. 
 
CONCLUSIONS 

Tariff of intercity bus and train based on communication minister regulation is 
within the value of the ATP and the WTP for each survey location. Meanwhile, the air 
transportation tariff is higher than the value of the ATP and the WTP for distance range of 
601-750 km, 751-900 km, and 1051-1400 km. Unfortunately, the data in unit of Rp/pax-
km is not available for ferry transport and interisland ship. 
Some conclusions of this study are presented as follows: 
1. Intercity Bus; in scenario one the only external factor having significant influence on 

the TPC value is fuel prices, result shows R2 = 0.9. Meanwhile other external factors 
such as Bank Indonesia’s interest rate and US$ exchange rate does not have strong 
correlation to TPC values. This is proven by the low value of R2 (less than 0.2). The 
2nd scenario shows that there is a strong correlation between the rise of diesel fuel 
prices to the mode’s TPC a 10% rise on diesel fuel price would cause a 6% rise on the 
TPC of intercity bus. 

2. Ferry Ship; scenario one shows that the only external factor having significant 
influence on the TPC value is fuel prices, result shows R2 = 0.9. Meanwhile other 
external factors such as Bank Indonesia’s interest rate does not have strong correlation 
to TPC values, this is proven by the low value of R2 (less than 0.2). On the other hand 
the fluctuation of DM’s exchange rate to Rupiah does have a strong correlation but still 
not too significant to the TPC since the R2 is only 0.5. The 2nd scenario shows that 
there is a strong correlation between the rise of fuel prices to the mode’s TPC a 10% 
rise on diesel fuel price would cause a 2% rise on the TPC of ferry crossings. 

3. Interisland ship; scenario one shows that the only external factor having significant 
influence on the TPC value is fuel prices, with a value of R2 = 0.9 and Rupiah-DM 
exchange rate having a value of R2 = 0.69. Meanwhile the Bank Indonesia’s interest 
rate does not influence the TPC values too strongly, this is shown by the value of       
R2 = 0.3 and in addition shows a negative correlation. The 2nd scenario shows that 
there is a strong correlation between the rise of fuel prices to the mode’s TPC a 10% 
rise on diesel fuel price would cause a 7% rise on the TPC. 
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4. Train; scenario one shows that the only external factor having significant influence on 
the TPC value is fuel prices, with a value of R2 = 0.78. Meanwhile other external 
factors such as Bank Indonesia’s interest rate and US$ exchange rate does not have 
strong correlation to TPC values, this is proven by the low value of R2 (less than 0.1). 
The 2nd scenario shows that there is a strong correlation between the rise of fuel prices 
to the mode’s TPC a 10% rise on diesel fuel price would cause a 2.4% rise on the TPC. 

5. Airline; scenario one shows that the only external factor having highly significant 
influence on the TPC value is fuel prices. Meanwhile other external factors such as 
Bank Indonesia’s interest rate, although having a high value of R2, the result shows a 
negative correlation and therefore does not fulfill the fitness expectations thus the 
factor is not taken into account. The US$ exchange rate only has low level of influence 
to the TPC values (having R2 less than 0.4). The 2nd scenario shows that there is a 
strong correlation between jet fuel prices to the mode’s TPC a 10% rise on diesel fuel 
price would cause a 4.9% rise on the TPC. 

Though sensitivity analysis of the TPC due to changes on external factors of the 2nd 
scenario shows a high value of R2, there are inadequacy in the equation since the TPC 
components have varying correlations (from average to satisfactory) to the changes of 
external factors. 
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