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ABSTRACT

Purpose

The road freight index is an indicator for referencing and forecasting the price of freight transportation.
This paper develops a cost-based model used for estimating container road freight index in Thailand

Design/methodology/approach

We focus on a macro-level freight index estimation using non-survey method to update the freight
index quarterly. To define the freight price structure, forty-three carriers in the eastern region of
Thailand are chosen ranging from small to large-sized companies. The developed freight index
includes five transport routes between Industrial Estates and Laem Chabang port. The cost-based
model is developed considering primarily carriers’ fixed costs, running costs, and profit mark-up. The
freight index is derived from the freight price using a modified Laspeyers’s formulation.

Findings

The results have indicated that the transport distance and the average price per kilometer are
negatively non-linear trend. This is similar to the profit mark up in which up to sixty percent of the
freight price is quoted. The results have also shown that the proposed freight index follows similar
patterns to the Thailand road freight index. The validation on updating freight index compared with the
average freight price is 70 percent cerrectly estimated.

Originality/value
This paper fulfiles the information of road freight index for container transport between Industrial
Estates and Laem Chabang port.

Keywords: Road freight index, Container freight price, Cost-base index

Introduction

Several transport sectors in Thailand have attempted to formulate road freight index. The current
freight index is derived from macro-level estimation and mainly used for national policy. We focus on
freight index model for a container type of cargo on five specific routes between the Eastern Industrial
Estates and Laem Chabang Port. We analyze factors that influence the freight price, which are: fixed
cost, vehicle running costs and profit mark-up. The Gross Domestic Product (GDP), fuel price, and
minimum wage rate are also used to calibrate the freight model. The objective of this paper is to
develop inland container freight index in a cost effective manner with less time-consuming.
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Literature Review

Transportation cost

One of the main difficulties in land transportation companies is to determine and evaluate the actual
cost of their services (Baykasoglu and Kaplanoglu, 2008). The critical issue of transport company is to
gain a more accurate cost estimation in order to provide the high quality service with reasonable cost
to customers (Gupta and Galloway, 2003). The overview of transportation economics and pricing are
concerned with four topics; (1) the factors that drive transport costs, (2) the cost structures, (3) carrier
pricing strategy, and (4) transportation rates (Bowersox et. al, 2002). In part of cost structure is
concerned to the criteria used to allocate cost. Transportation costs are classified into a number of
categories; variable costs, joint costs, common costs. Barns and Langworthy (2007) use various
sources to estimate commercial truck vehicle operating costs in Minnesota. The study provides a
linear model for estimating truck operating costs under different driving conditions. The running cost is
increased by 25% under city driving conditions, and 17% on roads with poor quality pavement.
Logistics Solution Builders Inc. (http://www.logisticssolutionbuilders.com) responds for the accuracy
data of operating costs of trucks in Canada and attempts to understand comparative economics for
trucking inside Canada’s largest trade partner as well as for the significant commercial trucking links
between the two countries. Eleven vehicle types in all regions of Canada are included to report the
operating costs. Compares with operating cost freight of container in Thailand, the cost proportions
are absolutely different. Even though under The regulation of land transport in Thailand by year 2006
under The Department of Land Transport (Thailand) (http://www.dlt.go.th) there are two methods
which are considered to classify for trucking; characteristic of usability and weight of vehicle.
According to characteristic of usability, containerized truck is classified in 2 types semi-trailer and
trailer. Litman (1995) examines the running costs of drivers, depreciation, interest rates, fuel, tires,
maintenance and repair and overhead on different types of trucks. The Transportation Research
Board (1996) calculates the marginal social cost of freight traffic. Marginal social cost are defined to be
the increasing full social costs of transport one more unit of freight at a certain time and along a certain
segment of road. Vehicle operating cost are the large share of marginal social cost between 78% and
98% of total costs. Trimac Logistics Ltd. (2001) determines the factors of trucking costs for each of the
provincial and territorial regions in Canada and developed US base trucker comparisons. They
develops the estimation for ten categories semi-trucks plus smaller two-axel delivery trucks by using
computer model. The data are used to set up and utilize this model derived from a number of sources
including: quotes from suppliers of equipment, tires, and fuel, consulted with experts in the field and
reviews of relevant published literatures. Mc Mullen (1987) studies the mostly concerned with
determining the presence or absence of scale economies by estimated cost function for the regulated
industry. The results are used to make inference about the potential unregulated market structure.
Daganzo (2004) explains the motion costs and classified as either handling cost or transportation
costs. They are very similar but the main difference being the distances transported and the size of the
batches moved together. Handling cost include packaging, transportation costs include loading.
Levinson et al. (2005) studies the operating cost for commercial vehicle operators in Minnesota. The
commercial vehicles are calculated from the survey responses in the average operating cost per
kilometer. There are different methodology and model to estimate the variable costs of operating
trucks. Fuel, repair and maintenance, tire, depreciation and labor cost are estimated by the functional
gave an average cost of $0.64 per km. Water (1976) reviews the major approaches to costing the
transportation. Determining costs in transportation are often difficult because of (1) the heterogeneous
nature of output and (2) indivisibilities in production. He also compares the technique to estimate
transportation cost within accounting, engineering and statistical method. Focusing on accounting the
advantage is cheapest and most convenient method providing the data existing. In contrast to its
shortcoming the historical or recorded cost of assets might not be an accurate guide to reflex the
actual opportunity costs. Then that data should be adjusted for updating to estimate freight price.

Freight price and market

Carrier pricing strategies charged to shippers follows one or a combination of two strategies. The
combination approached is considered trade-offs between cost of service incurred by the carrier and
value of service to the shipper. Cost of service strategy is a build up approach where the carrier
establishes a rate based on the cost of providing the service plus a profit margin, and value of service
is alternative strategy charged a price based on value as perceived by the shipper (Bowersox et. al,
2002). Elzinga (1994) examines the relevant market for freight transportation of less-than-truckload
dimensions. Deregulation had altered significantly the character of this market. From an economic
perspective, a market's boundaries are large enough include the products and firms that more
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constrained the price of the firm under antitrust. Clair and Fox (2004) develops a value-based
transport pricing model for freight carriers to negotiate their customers with some specific discounts
according to a competitive level and the customer relationship. Smith et al. (2005) demonstrates the
development, test and application of statistical model to study actual net of discounts for expedited
freight services the model revealed the structure of net tariffs. This research aims to develop the
freight index for a container type of cargo on some specific routes. (Limkunatham et al., 2007) applies
regression models to estimate road freight indices on three types of commodities: cement, container
and petroleum. The main purposes of research are to calculate the reference price and to develop
models and calculate road freight indices for Thailand. The sensibility between commodities and fuel
price, petroleum index is the most elasticity price while container index is the least. Jansson and
Martinsson (2003) pointes out freight price depended on a number of different and continuously
changing factors. The primary factors are: freight type, customer, vehicle type and route. The freight
price from thirty carriers in Sweden is used to estimate road freight indices. Tsai et. al (2008) studies
the development of truckload options pricing model used for both shippers and carriers. They tries to
estimate a reasonable model that is compatible with the given values of the minimum, average, and
maximum prices for all transactions concluded during a set period. The option model of the truck load
price is calculated by common stochastic process. The fluctuation in truckload may indirectly depend
on the price of oil. Road Freight Transport Index (RFTI) has been responsibility of Ministry of
Commerce in Thailand (www.price moc.go.th). They have to calculate and publish index in quarterly
by survey base method. RFTI is first published in the second quarter year 2007 followed by weight
proportion from Input-Output Table of Thailand (I-O Table) year 2000, compared within 3 dimensions;
base year, previous quarter and within the same period previous year.

Methodology

Freight price model

Of all 101 containerized freight carriers in the study area, the forty-three are chosen. They are
providing transport service contracts for the movement of container on five specific routes: Eastern
Seaboard-Laem Chabang, Amata Nakorn-Laem Chabang, Lad Krabang-Laem Chabang, Gateway
City-Laem Chabang, and Rojana-Laem Chabang. The freight carriers are in-depth interviewed the
factors as many as possible to define their strategies on their freight pricing. The primary factors to
define the freight price are: costs of fuel and lubricant, maintenance and repair, tires, drivers, vehicle
depreciation and interest, insurance, registration and vehicle taxes, administration, over-head and
profit mark-up. The cost-based model for the freight price can be written as:

V =[FC, +FC, + FC,]+[VC, +VC, +VC, +VC, +VC,, +VC,, |+Markup (1)

Where: V is freight price, FC, is depreciation and interest cost, FC, is insurance cost, FC_ is
registration and vehicle taxes, VC; is fuel and lubricant cost, VC,,is tire cost, VC_ is maintenance

and repair cost, VC,, is driver cost VC,; is administration cost, VC, is overhead cost.

The freight price, V. composes of three terms; fixed cost, variable cost, and profit mark up. In terms of
cost factors; fuel, lubricant and tire costs have less deviation while administration, insurance and
depreciation and interest costs are most deviated. A large deviation of administration cost is because
of the carriers apply a variety of methods to estimate the freight price corresponding to business sizes.
Similar to the insurance cost, carriers try to limit the insurance no more than the basis of transport
regulation; however, in the situation of fatal accident, they have to compensate a lot of money for that
case. In term of interest cost is concerned with how the vehicles are purchased. Used trailer imposes
a more interest rate than a new trailer and also the number of years of hire purchase affect to the
amount total of interest. According to the depreciation, second-hand vehicle in Thailand has several
methods defined by the Federation of Accounting Professions (FAP) that allows the businesses apply
them. The estimation of depreciation is concerned with repair and maintenance cost. In generally,
except the vehicle’s engine belt almost of all businesses have no timetable to overhaul the vehicles.
According to the profit mark up, it depends on the distance, condition of route and the contract
agreement of customers.
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Figure 1 represents the structure of freight price. Note that, although fuel and lubricant costs are the
most proportion of total operating costs, but when we calculate to the percentage of freight price the
profit mark up is the main part of the value. The great number of percentage mark up is concerned
with two hidden factor. Firstly, businesses want to absorb some costs which could not be recorded in
freight transaction. Secondly, they want to have some discount rate for bargaining freight price.
According to the perspective of business owners, container road freight index could be reflected the
competition in the freight market. We also compare our structure of freight price to Canada (Trimac
Logistics, 2001); two big differences of percentage are profit mark up and driver cost. In Thailand,
profit mark up is the most percentage 60.82% while driver cost is only 3.46%. In contrast to Canada
those cost and mark up percentage are inverse 5% and 57%. The structure is depended on
characteristics of freight price in each region.

In this study, the distance in each (Origin and Destination) O-D pair is not the shortest path but it is the
most common path of container transport. The drivers seldom switch the direction unless uncommonly
traffic case happens. The common path is also involved with toll fee cost and related to the regulation
of Department of Land transport and Highway Law (DLT). The result shows that the transport distance
and profit mark up are negatively non-linear relationship (with the correlation coefficient, r = -0.98).
Similar to the profit mark up the shortest route (38 km) is between the Eastern Seaboard and Laem
Chabang but it is accounted for the highest make up 72.13%. The relationship between them is shown
in Figure 2. The slope of mark up percentage represents the profit requirement of carriers. In short trip
has more profit per kilometer than long trip. The carriers inform that they mark the minimum freight
cost between 3,000-3,800 Baht per trip in the short trip because they want to absorb fixed cost.
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Figure 1 Structure of freight price in Thailand
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Figure 2 Relationship between container freight price and profit mark up

Road Freight Index

Our freight index is modified from Laspeyres’s formulation (Roberts, 2000). There are several methods
for estimating index including simple index, weighted composite index, weighted mean index and
some of mathematical forms (Sin, 2000). Freight price and number of truck trips are weighted to the
freight index. In generally, to initialize the freight index, weighting base price is assigned to the
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transport volumes and the transport values in the calculation. The freight price for time period, | is
derived from p;and @, on a service route as written in (2).

Pl — Zi:::l(piqi) (2)
i=149

Where: p;and ; represent freight price and number of truck trips in each business. In this study, we

have some differences method. In term of assumption we defined the number of container trips and
size of businesses are not concerned. Then, we start with cost-base and adjust them with GDP inland
mode, diesel price index and minimum wage index to be the freight price baht per km in specific
service route. Thus the price is not necessary to weighted. Laspeyres’s formulation is used to estimate
the freight index as shown in (3).

P
Freightindex = EI (3)

0
Where: P and P, represent the freight prices of calculating time period and base time period.

According to estimate road freight index, the diesel price is first taken into account. Apart from the
observation, we are also concidered with the GDP and minimum wage index. GDP especially inland
mode is usually concerned with the macro level and domestic policy.GDP and minimum wage in
Thailand have been represented by Office of the National Economic and Social development Board
(NESDB) and Ministry of Labour (MOL). We calibrated freight price by those three factors. The
characteristic of price movements are separated range of route. The proposed of study we attend to
provide the inland container freight cost base index in term of quartering within three dimensions
follow by RFTI.

Figure 3 shows freight price on five transport routes based on cost-based model compared with other
previous research. In container transport they had studied only one O-D trip between Lad Krabang
and Leam Chabang. They calibrated estimate freight price by using the diesel price index with
regression model. To formulate freight index, they compared the current estimate price with based
year price (July 2006). We also compare their freight prices with ours in the figure 3. The trends are
quite different during 2/2008-3/2008; then the remaining other trends are similar to our price but in the
difference route Amata Nakorn and Leam Chabang. Note that the comparison is not commonly
because both of them are based on the difference year but they could be shown the pattern of trend.
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Figure 3 Estimates of container freight price

Freight Index Validation

Once the freight index has been estimated, we compare the index with Thailand Road Freight Index
(RFTI) from the Ministry of Commerce. In Figure 4 we represent both freight indices base year 2005.
The pattern of movement indices by cost-based model quite similar to RFTI's whereas the ranges of
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trend have some variations. The widest range between both scales is during quarter 2/2008 to 3/2008
the nearest trend of RFTI is Amata Nakorn. It might be the effect of fluctuation of fuel price. The
longest similar trend of RFTI has represents in 2 periods. The first period is during 3/2009 to 3/2010 in
O-D trip between Rojana and Leam Chabang. Then the scale of cost-base O-D trip changes in the
second period to Gateway City during 4/2010-4/2011. In the present (1/2012) the trends are quite
similar to RFTI in 3 O-D trips those are trip between Eastern Seaboard, Amata Nakorn and Lad
Krabang to Leam Chabang.

Note that RFTI freight index during 2/2007 to 4/2011 they based on year 2000 and then they changed
to base on year 2005 follow by I-O table. In order to product classification, on base year 2005 they
also adjusted from classify by transportation group into the Classification of Product by Activity (CPA).
And there is no more represent containerize commaodity road freight index.
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Figure 4 the proposed container freight index and RFTI (base year 2005)

Figure 5 shows freight indices between 2/2007 and 1/2012. The movement is based on previous
quarter. RFTI is also ploted in the graph for validating. In term of previous quarter the 3 longest routes,
Lad Krabang, Gateway City and Rojana their percentage change is quite stable especially during
4/2009-3/2011. Incontrast to the 2 shortage routes the Eastern Seaboard and Amata Nakorn the trend
have more dramatical. Clearly that the distance of transportation is adverse effect to the variation of
freight index. When we compare cost-based index with RFTI, two routes Eastern Seaboard and
Amata Nakorn, their trend are similar to that index during 3/2007 to 1/2009. After that all routes have
narrow bandwidth with RFTI between 4/2009 to 1/2012.

Concerning with contain freight indices percentage changed base on the same period previous year in
Figure 6, RFTI represents the first period on 1/2008. Both of RFTI and cost-base index trend are
similar. In the same pattern of percentage change in figure 5 the short routes are more fluctuate than
long routes. In additional, on the dramatical period the short routes are similar trend to RFTI and the
long routes are close to that index in the stable period. Another reason why the trend of RFTI and
cost-base index is difference is our index more specific commaodity in containerize.
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Figure 5-6 Ccontainer freight indix percentage change base on the previous quarter
and the same period previous year
Conclusion

In general, it is difficult to get the real data to estimate road freight index due to the fact that carriers
need to keep their operating costs and profit mark-up confidentially. Howerer, in this study carriers are
interviewed for the freight price structure and their business strategies in various scenarios. We
quantify the factors influencing the freight price. Although fuel is the largest portion of the vehicle
operating cost but it is an external factor. The administration cost is the main part for business strategy
the carrier that has a lower administration will stand higher in a competitive market.

Due to a major problem in applying road freight index for the transport sector how to update the
indices regularily in a cost-effective mannner, we propose the indices that can be derived from vehicle
operting cost structure for a specific type of commodity with the fuel inflation and minimum wage
adjustments. The variations in service route are tuned with the transport distance included in the cost
structure model. The results have shown that the proposed container freight index follows similar
trends with Thailand Road Freight Index (RFTI). Howerver, when updating the freight index for next
some time periods, our cost-based index need non-survey data making possible for a frequent index
update.

International Conference on Logistics and Transport [ICLT2012]

P. 150



The Value Chain Management and Logistics Conference
November 22 — 23, 2012

References
Barnes, G. and Langworthy, P. (2003), The pre-mile costs of operating automobiles and trucks,
Forthcoming report, Minnesota Department of Transportation.

Baykasoglu, A. and Kaplanoglu, V. (2008), “Application of activity-based costing to a land
transportation company: A case study”, International Journal of Production Economic, Vol. 116, pp.
308-324.

Bowersox, D.J., Closs, D.J. and Copper, M.B. (2002), Supply chain logistics management, Mc Graw-
Hill/lrwin Series Operations and Decision Sciences press, Chap.12, pp. 355-379.

Clair, L.A. and Fox, S.D. (2004), “Time to simplify trucking tariffs”, Supply Chain Management Review,
April, pp. 36-42.

Daganzo, C.F. (2004), Logistics systems analysis, 4 th (Ed.), New York: Springer Berlin Heidelberg,
Chap. 2, pp. 15-46.

Elzinga, K.G. (1994), “The relevant market for less-than-truckload freight: Deregulation’s
Consequences”, Transportation Journal, Winter, pp. 29-36.

Gupta, M. and Galloway, K. (2003), “Activity-based costing/management and its implications for
operations management”, Technovation Vol. 23, pp. 131-138.

Jansson, P. and Martinsson,M. (2003), “Service producer price index for freight transport by road”,
working paper, Economic statistics, Statistics Sweden.

Limkunatham, L., Jumnongkidpanich, T. and Lichideakarad, K. (2007), “The calculation of Thailand
road freight indices”, Thammasat Business Journal, Vol.16, pp. 25-42.

Litman, T. (1995), “Transportation cost analysis: Techniques, Estimates and Implications”, Paper
presented at Transportation Research Forum 38 th, 18 Oct., San Antonio, Texas. Victoria Transport
Policy Institute. Available at: www.vtpi.org (accessed 30 August 2012).

Levinson, D. (2005), “Cost/Benefit study: Spring Load Restrictions”, St. Paul, Minnesota, Working
paper, Department of Transportation and Local Road Research Board Research Report.

Logistics Solution Builders Inc. (2005), “Operating Cost of Truck in Canada Prepared for Economic
Analysis Directorate”, Available at:http://logisticssolutionbuilders.com (accessed 08 Jul, 2012).

Mc Mullen, B.S. (1987), “The impact of regulatory reform on U.S. motor carrier costs: A Preliminary
Examination”, Journal of Transport Economics and Policy, Vol. 21, No. 3,Sep., pp. 307-319.

National Association of Accountants (1961), “Applications of direct costing”, working paper, Research
Report, New York, No. 37

Road Freight Transportation Index Update Database, Bureau of Trade and Economic Indices, Ministry
of Commercial (Thailand). Available at: www.price.moc.go.th (accessed 28 Aug. 2012).

Roberts, H. (2000), “Laspeyres and his Index”, working paper, Department of Economics, University of
lllinois Chicago.

Smith, L.D., Campbell, J.F. and Mundy, R. (2005), “Modeling net rates for expedited freight services”,
Transportation Research Part E 43, pp. 192-207.

Stewart, R.D. (1990), Cost estimating, 2 nd (ed.), New York: A Wiley-Interscience Publication, John
Wiley & Sons, Inc.

The Regulation of Land Transport in Thailand (2006), The Department of Land Transport (Thailand),
Available at: www.dlIt.go.th (accessed 27 Jul. 2012).

International Conference on Logistics and Transport [ICLT2012]

P. 151



The Value Chain Management and Logistics Conference
November 22 — 23, 2012 | P- 152

Transportation Research Board. (1996) “Paying our way: Estimating Marginal Costs of Freight
Transportation” working paper, Transportation Research Board, Special Report 246.

Trimac Logistics Ltd. (2001), “Operating costs of trucks in Canada — 2001” working paper, Transport
Canada, Economic Analysis Directorate.

Tsai, M.T., Saphores, J.D. and Regan, A. (2008), “Freight transportation contracting under
uncertainty” (dissertation) Department of Civil and Environmental Engineering, University of California.

Waters, W.G. (1976), “Statistical costing in transportation” Transportation Journal; Penn State
University, Spring, Vol. 15, No. 3, pp. 49-62.

Xin, S. (2000) “The study on the compilation of the China container freight index” MARIT. POL.
MGMT., Vol. 27, No. 3, pp. 303-308.

International Conference on Logistics and Transport [ICLT2012]



