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PREFACE

This report is one of a series of publications concerned with

development topics in Southeast Asia. The research detailed in this

report represents a portion of a larger study sponsored by the Applied

Scientific Research Corporation of Thailand which dealt with an analysis

of transportation systems in Thailand. This study , designated as

Research Project 30, was the joint undertaking of the University of

Michigan and the Applied Scientific Research Corporation of Thailand and

was funded by the University from a research contract with the Geography

Branch of the Office of Naval Research (Research Project Nonr 1224 (56)

N.R. No. 388080). Research and analysis was conducted by both Corpora—

tion and dniversity personnel under the direction of Professor L. A.

Peter Gosling, Department of Geography , University of Michigan. Co—

P ordination of the project publications and editorial assistance were pro-

vided by Catherine J. Baker. Inquiries regarding the publication series

should be directed to the Department of Geography, University of Michigan,

Ann Arbor , Michigan, U.S.A. The conclusions, opinions and recoinmenda—

tions of the various authors in these reports do not necessarily reflect

the views of any of the sponsoring organizations.

: This report, Economics of Barge Operations on Inland Waterways,

Central Thailand was originally part of a Master ’s degree dissertation

in Economics presented by Phaijayant Uathavikul. The author isan officer

of the Applied Scientific Research Corporation of Thailand, seconded to



Unclacs if ipd
SECURITY CLASSIFICATION OF THIS PAGE (‘W1,.,~ Oaf. Ens....

REPORT DOCUMENTATION PAGE —— BEFORE FORM
I. REPORT NUMBER 2. GOVT ACCESSION NO 3. RECIPIENrS CATA LOG NUMBER

Two 
_________________________

~~~ T1TL E (—Id ~ .d.I5Il t 7 1. . y~~~~ pr I~~~~I•’~~ W I  — r~~RIOP CDV ~~~~~~

,~~conomics of Jarge~~~pe ra t ion on Inland j ~~~~~~~~~~~ Techn ica l~~ /tL/2~~ .)
Waterways , Ce~ tral ~~hai land . ~~ ~~~~~~~~~~~~~~ Jns.

,
~~~~~.- ~~~ AUTHOR(.) 

_____ 
~~~~~~~~~~ - 

S. CONTRACT OR GRANY NUMBER(.)
1,1) 

. -——--.-—- , . / 1

~~~~~~ 

PhaiJa~ont/Uathaviku

,( 
~~~~~~~~~~ ( ~5 r~~~~~~~224(5~f~

9. PERFORMING ORGANJLA1~ DN N E AND AD $ 10. PROG~~AM ELEMENT. PROJECT . TASK
AREA & WORK UNIT NUMBERS

DeDa ment of o raphy 

~ ‘7. / N.R. No. 388080
Ann Arbor , Michigan 48109

II. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DAT!

Dr. James S. Bailey , Code 462 Nov. 15, 1973
Geography Branch 13. NUMBER OF PAGES

Office . of Nava l Research , Arlingto n , Va . 22217 72
14. MONITORING AGENCY NAME & AODRESS(iI diil.,ai t from CafIf ,oilIn~ Oils c.) IS. SECURITY CLASS. (of lbS. i~~o,f)

Office of Naval Research , Res i dent Representati~ Unclassi f ied
Room 139 , Cooley Bu ildi ng __________________________
University of Michiga n ISa. DECLASSIFICATION/DOWNGRADING

Ann_Arbo r ,_Mich i gan_48109 ___________________________
IS. DISTRIBUTION STATEMENT (al ibi. R.poeI) ‘

~

Distribution of this report is unlimited .

17. DISTRIBUTION STATEMENT (of lb. abatr ct .nt.,. d in Slack 20, II dlU.r..e t f r om R.poN)

Uncl assif ied

IS. SUPPLEMENTARY NOTES

IS. KEY WORDS (Conf au. a,, ~~~~~~ .id. If n.c ...~~~ aid idaiuily by block mm.b.r)

Transportation , Barge, ~nJand Waterway , Thail and , Cos t ~4na 1ys i s

20. A IS1RACT (Continua ai p.,.,.. .id. If n.c.. .~~~ id id.n tily by block ,iomb.i)

1 The purpose of this study was to provide a framework within wh i ch the
economic costs of the vari ous modes of transport common in Thail and can be
compared . The concepts and various methods of arriv ing at transport costs
are first summarized; one of these methods for determining water transpor-
tat ion costs put forth by U.N. experts is then applied after a modification
of some factors in order to reflect the real cost situation in Thailand.
These computations are based on ~n empirica l study of both the towboat and — .I’~~ v~

DD ~~~ 1473 EDITION OF I NOV 511$ OBSOLETE 
. 

.

~/N 0102-0 *4-65 03 I Unc lass~ f ued
SECURITY CLAS$IFICATION OF THIS PAGE (~~iai 5•f • ~~,t- r~~~ 

~~K 7.L~ _ . 
-~~~~.. ...



_ _ _  I

Unclassified -

~.I~(.UR%TY CLASSIF ICAT ION OF THIS PAGE(Wl,ai Oaf. EJ,1.A~ -

~~‘commercial barge indus tries in wh i ch the operating costs  of the various
components of each system are determ i ned.

After comparing the operating costs of water transport derived from this
study with those obtained in other studies for land transport modes , i t is
concluded that barge transport is from five to seven times more economical
than truck transport and about twice as econom i cal as rail transport. This
conclusion is based solely on the advantages derived from the suitability
of the geographic situation and the operating costs of the waterway
transport system itself . It does not derive from comparisons of developmen t
and main tenance costs involved in the various modes of transport nor does
i t include secondary and social benefi ts, although these secondary and
indirect costs and advantages are discussed and some cost figu res are
computed . If figures for these costs and benefits were to be included , the
economic advantages of waterway transport would be even more pronounced .

Unclassifi ed
SECURITY CLASIIFICATION OF THIS PAGt(~~on Oaf. El,ft.. 4~

. —--_ __]___. ,._- —_A_ _____ — --——--~—
_
~— -



the University of Michigan Project 30 research team. Khun Phaijoyant

Uathavikul together with Khun Mit Pramuanvorachat , Dr. Phiphit Suphaphi—

phat and Khun Nipon Phanomkarm comprised the vital group of Thai scholars

whose work was central to the completion of the project. This report,

like all Project 30 publications, reflects their important contributions.

There are a variety of ways to measure the cost of competing

transportation methods. The inclusion, exclusion or stress of various

factors can change the cost calculations. To date, most transportation

studies in Thailand have been oriented to justify major road development

programs, and none have carefully examined the operating costs of compet-

ing water transport. Admittedly , our goal is to seek maintenance if not

expansion of the water transport system, but we have attempted to avoid

any slanting of our economic studies in that direction.

Khun Phaijayant’s study , for the first time, attempts to cost

all identified components of the water transport system; much of it

involves data generated by our field surveys. His conclusions of the

cost advantage of water transport are to be expected , but it is the

dimension of that competitive advantage which has hitherto been unknown

and which has been minimized in other transportation cost studies in

Thailand largely because of lack of data and faulty assumptions regard-

ing water transport operating cost. We believe this cost advantage

justifies additional investment in improving the waterway systems and in

increasing the efficiency of water transportation through various modest

development measures.

L. A. Peter Gosling
Project Director
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ECONOMICS OF BARGE OPERATIONS ON INLAND WATERWAYS,
CENTRAL THA ILAND

I. Background: Calculation of Transportation
Costs

Transportation can be viewed as a process of organization in

which all modes of transportation have some common characteristics in

their spatial organization and their purposes . The spatial reference

points1 require locational references to at least two points. A trans-

port line is organized to pass through space so that two or more loca-

tions can be linked .

Transportation has as its unique economic character the means

to transfer utilities from one place at a particular time to other

places in other times. The transferring increases the utility on a

narrow scale of one economy , or on a broad&r scale, of th.~ economies

in the different parts of the world . Consumers of various kinds can

increase their utilitie3 and even their standard of living through

development of transportation . The increment in utility can be differ-

entiated into two distinct categories :

1. Place Utility

2. Time Utility 2

Place Utiliçy

The increment in utility can be derived f rom transferring goods

and passengers from one place to another . In t~~~ case of goods , the

- - - - -
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utility of a particular good in consideration can be very low indeed if

there is plenty of that good in one particular place. Consequently, if

the goods can be distributed to the other places where scarcity of that

good is realized , the increment in total utility can obviously be seen.

However, this utility increment is subject to the cost of transportation

of the goods——the high cost of transportation may offset any gain that

can be derived from the process of distribution. In general, the incre-

ment in utility is negatively related to the cost of transportation of

that good. Passengers , through various means of transportation , can

increase their place utilities when their desires for being in other

places are met.

Time Utility

Transportation can create time utility as well as place utility.

However, the time utility is not so simple as i t  appears to be. In some

cases, transportation time can reduce the time utility when the greater

utility could be derived if the goods could be there earlier than the

available transportation nodes permit. In other words , the goods are

unable to arrive in tine for maximum usefulness. On the other hand ,

transportation process , at the sane time , can act as storage and thus
a,.

increase the time utility.

The time utility and p lace utility are partly interdependent;

the utility in each case is not only place utility or time utility , but

is also the comb ination of both .

From an economic point of view , transportation of goods is an

intermediate service , while the passenger transport for vacation and 

r.t . ~~~~~~~~~~~~~~ -~ nr —. . is4
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pleasure is viewed as a final service. Passenger transportation for

work is classified as intermediate service , as in the case of goods

transportation. The demands for intermediate services are derived

demands. Transportation, in general, is not an end in itself , but a

means to many ends . In many cases transportation can be an end in

itself.

The effects of transportation on society , politics , and produc-

tion of an economy are immense. On society , transportation makes it

possible for the members of that society to improve their standard of

living , social integrity and communication. Unity of the nation,

national defense , and the social stability of a nation can be achieved

through an efficient transportation system . On production , division of

labor , economy of scale, stabilization of supply, concentration of pro-

duction , etc., are made possible only if that economy can establish and

maintain an extensive and economic system of transportation . There are

many pieces of literature and studies that explore and analyze in detail

the impact of transportation on society , politics , and production.
4 It

is not the purpose of this paper to go into the details of that imnact ,

even though their importance is obvious .

Measurement of Output

The output of transportation , like other outputs , must be pro-

duced in measurable units. There are quite a few different unit meas—

urements of the output in the industry , and all of them relate to unit

weight of cargo or to unit passenger. The standard unit of output is

measured in terms of ton—miles or passenger miles .5 This unit of output
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reflects weight or unit carried in relation with distance. The ton—mile

or passenger—mile is a physical measurement and is neither a measure of

p rof i t  nor economic eff ic iency .

Transportat ion Cost

As in other indus tries , transportation has its own production

function which relates Input of the industry to its output. This pro-

duction function is subject to the changing technology over a period of

time. However , the rates of change of technology in different modes of

transportation need not be the same . Inland water transportation , in

general , never realized a fast growth rate , or high rate of technologi-

cal change, even though the international water transportation has

realized a significant-ly ~-iigh rate of change in cargo handling and power

generating techniques .

Every production function requires input , and thus entails

costs . Transportation costs in various studies and literatures are con-

troversial in their classification and implementation. This study will

summarize the conLept of costs of transportation first , and then an

attempt to adopt a framework of transportation cost for this empirical

study will be done accordingly.

General Cost Concep t

Transportation costs , in general , can be classified into fixed

costs and variable costs. 6 The former in the short  run are independent

of levels of output throughout a given range of output change. 

~~~~~~~~~~~~~~~~~~~



~~~~

—-

~~~~~~~~~~~~

--

~~~~~~

Th ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . .

5

It is impossible to assign any specific port ion of these costs to
a particular unit of ou tput .  A fixed cost must be imputed to the
entir e supp ly of the type or type of service with which it is
associated . 7

Variable costs , on the other hand , are subject  to the levels of output

with respect to a given technology or to a given production function .

Tra nsportation cost can be divided into “Line Haul Cost” and

“Terminal Cost . ” The fo rmer refers to cost that  is incurred in provid—

ing a service from one poin t in space to the others ; the latter is

incurred at terminals of each point of origin and destination. The

te rmina l cost includes all costs of terminal facil i t ies and cargo handl—

ing. Both the line haul cost and terminal cost can be classified into

fixed costs and variable costs , as in general cost principle division .8

In t ransportation industry “Common Costs” and “Joint Costs ” are

f requently encountered .

Common costs are outlays devoted to either of two or more classes
of services which may be variably proportioned at the discretion
of management , with the result that it is , in principle at least ,
possible to trace them to individual services. Joint costs , in
contrast, are costs for which the proportions of output are not
variable , so that supply in one class of service In a given amount
results automatically in making available another class of service
in some unalterable amount.9

Economic Cost

a The employment of a scarce resource in one particular p~ oduc—

tiom will deny t he availabili ty of those resource units for other possi-

ble use. The alternative foregone figure of other kinds of output is

the economic cost of that resource. The cost of using a scarce resource

in one use is represented by what is foregone in terms of other things

. . .
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which that resource could produce In its most valuable alternative use,1°

or the second best output  which the resource could be used to produce.

Eco nomic cost of t ransport  service is the value of the alterna-

tive , seco nd best , p roducts——the value foregone of resources used up in

providing transportation. Resources used in providing the service

pos sess some degree of versat i l i ty, 11 which is a gene ral characteristic

of raw materials for  all productions . Equipment and structures used in

providing transport services are the products of other resources or raw

materials , and are counted as par t  of the economic cost of providing

transportat  service. However , if that equipment and those structures

were alr eady produced and they have no other uses aside from their uses

in pro viding transport  service , then their economic costs will be deter-

mined by the versa t i l i ty  of them in their specialized form , given that

the re are no rep lacement requirements , either because the resources are

du rable , or because circumstances have changed since their construction

and it will  not be economical to them when they are worn o u t)2  If

they are pe r f ec t ly  specialized and their designed roles do not enable

them to p roduce any other kind of ou tpu t , then their use in this role is

at no cost in an economic sense. ’3 In measuring the economic cost of
c

transpo r t a t ion , It is the replacement cost , includ ing an interest cost ,

rather than the original cost which indicates the economic cost of the

equipments and structures .14 The economic cost of the future investment

in the equipment and structures , as in planning , is obviously estimated

by the alternative products foregone of the resources used in construct-

ing the equipment and structures. Measuring the economic cost of trans-

portation Is simpler than measur ing its economic benefits. This is true
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in almost all industr ies .  However , there Is some confusion , and there

are some debatable issues in measur ing the economic cost of transporta-

tion. The controversial issues can be summarized as follows :

1. Should sales tax and other indirect taxes be included in the

measuring economic cost of t ransportation?

2. Should shadow price instead of initial pr ice of labor (wage)

be used in economic cost estimation?

3. For the purpose of economic analysis , should a general

infla t ion allowance be taken into account?

In the famous report “Road User Benefit Analysis for Highway

Improvements” by the Ame rican Association of State Highway Officials ,

taxes were included in its measurement of fuel costs .15 The measurement

of economic cost that  includes indirect taxes cannot , and will not ,

ref lec t  the real economic costs of the resources used , since all

indi rect taxes are t ransfer  payments . This method of measurement fails

to dis t inguish pr iva te  cost f rom the public cost ,16 and overestimates

the t rue economic cost of the service .

Shadow price of labor , in a country that has minimum wage laws

or similar regulations , should be app lied in economic cost calculations .

Where the unemp loyment in the co untry  is a never—ending problem , the

mi nimum wage ra tes  will a l ter  the equil ibrium of wages in the free labor

market .  Trade unions or labor unions may , and are likely , to set wages

higher than the real cost of labor , if thei r collective bargaining power

is st rong enough . In this  s i tuat ion , the wages actually paid do not

correct ly  measure the real costs of labour. 17

I.
—. ~~~~~~~~~~ . ~~~.
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For the purpose of economic analysis, a genera] inflation

allowance of the p roject should not be included under cost. However ,

cha nges in relative prices of labor and raw materials should be allowed

to the extent that they ar e foreseeable and likely to a f fec t  costs and

benef i t s  d i f fe ren tly .18

Costs of Inland Water Transportat ion

From the study of “Transportation Research Forum , ”19 total

costs in water t ransportat ion are divided into four categories:

1. Government expenditures for  establishing and operating
waterways;

2. Consequential costs to other forms of transportation and
u t i l i t ies;

3. Cost of using the waterways; and
4. Other costs fal l ing on society as a whole or upon segments

of it (social cost)20

The f i rst category includes all costs to the government in

providing the waterways.  The most obvious costs in this group are

facilities construction , waterway training , and development and main—

tenance of the waterway s. Included in this category is the cost of

administration of te rminals , waterways and others .

The second category of costs includes those imposed upon other

modes of transpor tation , and private u t i l i t ies  by reason of waterway

developments and use.

The thi rd category Includes all the costs that the shippers or

L 

those who buy the t ransport  services have to bear. Major cost items in

this  group are barge and tow—boat  operat ing costs , terminal costs ,

inventory costs and cost in switching over to the use of water trans-

por ta t ion .
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The last group includes all social costs incurred by reason of

wate rway development and use . The social costs are d i f fe ren t  in dif-

fe rent situations and d i f f e r e n t  countries ; they are subject to various

exogenous variables in d i f f e r en t  periods of time .

Costs Adopted by United Nations Experts

The following cost formula has been adopted by United Nations

experts Mr. Bernheim (France), Mr. Van Calsteren (Netherlands), and

21Mr. Francois (Belgium) .

General Formula

The rapporteurs put forward the following formula for  the tech-

nical cost pe r net ton/kin as a funct ion of transport  distance (d) and

of the coeff icient  of t r a f f i c  balance (v) by categories of waterway and

c r a f t :

JT (k d) T JT k ’ T dT dT

P1 is the total  technical cost per km for  the transport of one

• ton of goods as part  of a complete load of T tons , carried over a dis—

ta nce of d kilometers.

The d i f f e rent terms of this formula express concepts which will

be explained below , alo ng with  the significance of the itters comprising

them.

The f i rst  term represents a par t  of the f ixed annual expendi—

ture D on a vessel in service , charged to the voyage in question (fixed 
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annual expenditure is understood to mean expenditure which is practi-

cally independent of the distance covered by the vessel during the year).

The analysis of fixed annual expenditure D can be defined as:

D = s + a + c + e + f + r

where

s crew ’s wages and corresponding social welfare  charges ;

a = hull insurance , civil liability , damage to third parties ;

c = cordage and other gear;

e = annual maintenance and repairs;

f = gener al expenses (including wages of administrative staff
of the transport undertaking and corresponding social
welfare charges). For a private boat owner, general
expenses are lower than for a company , but the same value
is assumed for f, in order to allow for the fact that the
self—employed boat owner must earn more than a paid crew;

r = depreciation, renewal of equipment and return on capital;

J = average number of operating days per year (number of days
in year less number of days laid up, during which the craf t
in question cannot be operated ,

——ei the r  for  technical reasons connected with the waterway
(closed to shipping) or with the vessel (repairs);

——o r for  legal or social reasons (holidays observed by
shipping) ;

k number of kilometer s loaded run per day by the vessel on
the route in question;

n = number of days per voyage delayed for  chartering,  loading
or unloading or awaiting f r ei ght , f or type of vessel in
question ;

d = transport distance in kilometers.

The second te rm, in which B = t rac t ion or propulsion expenses

for loaded vessel per kilometer , and x = other current  sailing expenses

per kilometer of loaded run (suc h as pilotage , mileage bonuses to crew ,

petty expenses on voyage), represents current sailing expenses for the

voyage in question.
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The third and fourth terms represent expenditure for the mean

empty run required for the transport operation in question. Here,

v = empty runs expressed as a percentage of loaded runs on the
route in question;

= number of kilometers empty run per day by a vessel on the
route in question;

B’ = traction or propulsion expenses for empty vessel per kilo-
meter ;

x’ = other current sailing expenses per kilometer empty run (such
as pilotage , mileage bonuses to crew, petty expenses on
voyage).

The third term is the part of fixed annual expenditure appor-

tioned to the empty run.

The fourth term represents current sailing expenses for the

empty run .

The f i f t h  term in which h = terminal expenditure for berthing or

movement in ports, represents the amount of these various expense items.

The sixth term in which C = real charges “corresponding to

special obligations arising from the nature of the goods, the cost of

which does not vary with distance ,” represents these charges.

The seventh term represents insurance (A) of the goods, if any .

To obtain the total cost of transport to be invoiced to the user

so as to cover all expenses of the undertaking , the cost P1, which is

the sum of the various expenditure items, must be increased by a coeffi—

cient of increase “I” (impot) representing the taxes on the transport

charge.
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Correctives

In some instances , technical and economic correctives of various

kinds have to be made to the calculations in the resulting figures :

(a) While “distances (d , k , k ’ )  are reckoned in ac tual km. for  all

general studios of a system of waterways , a sample waterway , a traffic

catego ry,  etc. , ” for detai led stud y of transpor t cost on a given waterway ,

it may be us eful to adopt f ic t i t ious  kilometric values f~r d , k , k’ , each

individual trip on the waterway “being reckoned as an arbitrary number of

kiss, corresponding to the delay and expenses arising from the passage”

(locks , tunnels , narrows, etc.);

(b) For many types of goods , the actual tonnage loaded T’ is less

than the tonnage of a full load T, so that itt order to obtain the trans-

port charge for a tonnage T’ of goods loaded , it is necessary to multiply

by the ratio j - i- , which the rapporteurs called the specific volume of the

cargo and designated by the letter E;

(c) The goods carried may have characteristics which justify a freight

increase factor M.

(d) Finally , brokerage must be allowed for by applying an increase

factor F.

(e) On certain waterways in certain countries , there ar e also shipping

dues , the rates G being generally cha rgeable per ton /km transported .

Hence , bea ring these various correctives in mind , cost will  be

expressed as:

P2 P 1 x E x M x F x I + G .

This is the cost per net ton/km for  a g iven route , class of goods

and type of c r a f t .  But it is also possible to determine the average cost
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per net ton/km for a given group of routes, class of goods and type of

craft.

Alte rnative Way of Exp: essi~~ ~e Formula

The rapor teurs ~oi.i uu out that for certain studies it might be

p referable to wri te  the formula in the following form , N representing

4 transpor t time in days and N ’ the duration in day s of empty run required

for transport operations :

Terms
1st & 3rd 2nd 4th 5th 6th 7th

- 
D N + n + N ’ B + x  B ’ + x ’ h C A

a + T + T

Framework of Transportation Cost
Applied in This Study

The economic cos t of t ranspor ta t ion in this study will follow the

general cost concept and economi c cost of the previous discussion . The

sunk cost of each mode of transportation will not be included in the

economic cost estimation. The formula adopted by the United Nations will

be fol lowed closely . However , some adjustments and rearranging have to be

done acco rding to d i f f e r e n t  conditions and situations of the inland water

t ransportat ion in the Central Plain of Thailand. As an example , wages of

crews and social welfare charges22 have been transferred from fixed annual

expenditure (D) to be a variable in the variable category. The adjust-

ments and variable arranging have been done in such a way that the corn—

puted economic cost will ref lec t  the real cost situation in the study

area . 

— --- - , ,  - - -- --~~~~~ ---~-.--—-- —



- 
_ — 

~~~~~~~~~~~ TITIIT~ T . 1 ., ~~~~~~~~ 

14

Output of inland water transportation is measured in terms of

standard output unit , i.e. , in ton—km units. The drawback of this out-

put measurement in the time series analysis is not a significant factor

in this study , since it is a cross section analysis of costs of trans-

portation by different modes in comparative static analysis.

The analysis of this stud y is based mainly on the quantitative

approach. However , subjective analysis of factors which determine costs

of transportation is applied as an adjustor , in order that the expe-

riences of researchers and barge operators can be fully exploited .

Three different kinds of transport costs are of interest in this

stud y, in order that it can fulfill the needs of various interest groups

in the transportation industry in Thailand . They~~re as follows :

1. Operating costs of barges and tow—boats;

2. Transportation costs of barges and tow rates; and

3. Economic cost of inland water transportation.

The first category of cost is designed to reflect the costs of

operation to barge and tow—boat operators. It includes all “out of the

pocket cost” of the operators and their opportunity costs or their fore—

• gone earnings . This cost category is not , however , divided into

terminal cost or line haul cost because facilities for inland water

transportation , including tt~r n i n a .~ facilities in the Central Plain of

Thailand are very inadequate. In fact , only a few are available , if

any .

Transportation costs of barge and tow rates are so divided in

order tha t costs from the points of view of shippers and barge operators ,

___________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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or cost of transport services in their interest , can be distinguished

from the economic cost of transportation.

• The economic cost of inland water transportation is designed

for comparative study which concentrates on costs of providing differ-

ent modes of transportation , from the economic point of view .

Ii

I 
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U. Tow-Boat (~~er3t ion in the Central Plain
23

Background

Before the Second world ~.ar an active tow—boat system had

already played a key role in inlar~d water transportation in the Central

Plain . All of the ti ~-boats were equipped with wood burning steam

eng ines . There were six major conpanies , with a total of 269 tow—boats ,

engaged in tow-boat business at that time . All of them served as

passenger—cargo vessels as Well as tow—boats. After the Second World

War the sys tem faced a major se tback f ro m the shor tage of firewood and

its skyrocketing prices . Most of the company—owned , as well as pri-

vately owned tow—boats , went bankrupt or dramatically decreased their

activities . Diesel engines , from that time on , have become the single

source of power for tow-boats.

General Op era tion

The tow—boat system in the Central Plain can be subdivided into

two major groups according to their operations : T~ ev are long—haul tow—

boats, and short—haul tow—boats.

Long—Haul Tow—Boats

The main function of tow—boats fri this group was to serve in

long—haul barge activ itiEs. They werE equi pped wits relatively high

16
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powered engines. This group can be further divided , geograp hically ,

• into three subgroups.

The most important of them are the ones that  serve between

Bangkok and various places in the upj:e: region of the Central Plain , up

to Uttoradit. Waterways used in their activities were Chao Phraya

River; Supan and Noi Rivers; Ping and Nan Rivers and their tributaries .

• Tow—boats in this group assembled their tows at Samsen , Bangkok for the

trips upstream . The loaded barges in tow from the various places in

the upper Central Plain were also dropped at Satnsen. Samsen has long

been the most important and the most active barge assembly place in

inland water transportation of the whole area .

Of the other two subgroups in this ca tegory , one operated from

Bangkok to the East by way of Sansab—Dhakhai—Bang Khanak Canals , and

Prakanong—Praves Canals to Bang Pakong-Prachin River ; the other one

operated to the west to Bangkok by way of Bhasicharean—Damnern Saduak

Can als , and Sapasamit—Mah ac~ a i - T ha th in  Canals to Tachin and Meklong

Rivers . The former had suffered from the continuous decline in the

tr a f f ic , since the highway system in tha t region was developed around

~95O. A t the r i m e  of study, the traffic in that region was so low that

only a few t o w — b o a t s  were  op e r at i ng  in the a rea .

The t r a f f i c  to the west of Bangkok had declined considerably .

However , the t r~:—bu ats in this area still enjoyed a h~ avv enough tr a f f ic

to operate effic ieL ~t1y . On the Bhasicharean- Danrnern Saduak Canal route ,

one company  and two organl ; : ed  i~r oups of p r i v a t e  tow—boats  monopolized

Li~ e n t i re  ii~ f i c  that moved throii~ h this route . In tL other route

a l l  t r a i  f I ~ was served by ~n i v a L c  t o w — b o a t s .  

*—~~~~~~~~~~~~~~~—•.-.•••,~_-• •-.• -•- •~~~~~~~~~~~~-—-~~~~~~~~~ •~~~~~~~•—~~~~~~~~~.
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Short—ilaul Tow—Boats

Even though the long haul tow—boat  operat ion is one of the most

important in the whole picture of inland water transportation in the

Central Plain of Thailand , the significance of the short—haul tow—boats

service is so great that it has to be included in the s tudy . The long—

haul tow—boats dropped the tows of loaded barges at the Samsen main

assembly place , and from there on , barges that had to unload their

cargoes at various storages along both banks of the Chao Phraya River

in the Bangkok area had to depend on services of the shor t—haul , local ,

t o w — b o a t s .  A f t e r  un load ing ,  all the barges had to be towed back to

Sams en , to await long—haul  t o w — b o a t s .  Most of the short  tow—boats  that

were  equipped wi th  r e l a t i v e ly low powered engines could a f f o r d  to have

only two to three barges in each tow . In t ranshipment  of all export

and import  cargoes to and f r o m  ocean liners , freighters and coastal

vessels;  the services of the  s h o r t — h a u l  tow—boats  to the l igh ters  were

the most  i m p o r t a n t .

S h o r t — h a u l  tow-boats in th e  Bangkok area were  known as “Rua

Tong . ” They would roam a round  the  area most  of the time , searching for

c l ients , thus , t h e i r  services  were usual ly  at hand for  the barges and

lighters. Barges in the  Bangkok area t ha t  opera ted  to the east and west

of Bangkok , had to depend on the serv ices  of these shor t—hau l  tow—boats ,

as did those tha t opera ted  to the upper  p a r t  of the p lain .

Opera t ion  Spec i f i c

Some de ta i l s  of the  long—haul  tow—boat op era t ion  of each sub-

group have to be included in this study in order that some insight 

--• .•..- .•——— 
.—-•---- ---- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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into the development of the system operation can be secured .

Those tow—boats that operate between Bangkok and the upper

region of the Central Plain arrange the tow charges and number of barges

in tows through tow—boat brokers at Samsen for the upstream trips . The

rotation—trip system is imposed on all tow—boats that operate out of

Samsen in order that the cut—throat competition can be brought under

control. Regularity of the services is made possible by this arrange-

ment . It was estimated , in the survey , that there are about 150 tow-

boats tha t operate out of Samsen. The waiting time of the tow—boats

averages seven days. However , from the survey of the tow—boat operators

in 1967 , the number of trips per month was found to be a function of the

distance and travel time of each trip . The average number of trips in

thirty—day periods of the samples is 12 trips. The number of barges in

T~ BLE 1

ESTIMATED NUMbER OF TOWS LEAVING BANGKOK ON EACH ROUTE OF TOW-BOATS
OPERATING OUT OF SAPSL\ IN 1967 IN WET SEASON AND DRY SEASON

Average Number of Tows Leaving
Route Bangkok in One Day

Wet Season Dry Season

Bangkok — Nakorn Sawan 2—4 2—4

Bangkok — Tapanhin 1—2 1—2

Bangkok — Pittsanulok 1 0

Bangkok — Sukhothai  2 —3 0

Bangkok - Tharua , C. Ayuthaya 5 5

Bangkok — Pamoke , C. Ayu thaya  2 2

Bangkok — Banpan , C. Ayuthaya 2 2

TOTAL 15—IS 12—15

Source : Project 30.

• • ,  .
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• tow both upstream and downstream in average was between seven and eight ,

while the average maximum capacity of hauling was 11 loaded barges.

Accord ing to the agreement of the tow—boat operators and the brokers,

the service charge of brokers was 10% of the gross revenue of tow—boats

in each trip. However , in practic e , brokers always charge more than

10% , since they get complete control over all activities in Samsen.

It has to be noted here that on the trips back to Bangkok of

tow—boats that operate out  of Samsen , they had to f ind barges and set

the ra te  by themselves . In other  words , they opera ted as f ree  agen ts

on the t r ips  back to Bangkok.

On the west of Bangkok in the Bhasi Charean—Damnern Saduak

Canals to the Tachin and Mekiong Rivers , tow—boats usually did not pass

through locks on the canals . A tow—boat of one company and/or group

dropped the tow at one end of the locks for another tow—boa t of the same

company and/or group to reassemble the tow on the other end . The main

reason behind this practice is to cut down the operating cost by not pay-

ing lock fees.

Tow—boats that operated to the east of Bangkok belonged to two

compan ies tha t had been opera ting in the area since before the Second

World War. The total number of tow—boats declined from nearly one hun-

dred boa ts , in the past , to approx imately ten in 1967 and 1968. One

company had the right of way on the Sansab-Dhakhai—Bangkanak canals to

banc l> akong—Prachin River . The other company operated on the Prakanong—

Praves route to Bang Pakong—Prachin River. One tow—boat on each route

towed barges t hrough the entire route , and picked up and dropped barges

along t~ i€. way.
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Tow Rate

The tow charge , in gene ral , is based on travel time and distance,

convenience of the waterway , numb er of barges in tow , size of barge load ,

capacity of barge , and the position of the barge in the tow. All these

factors were direc tly and positively related to the tow rates that the

tow—boats charged. In practice , however , all these factors were not

explicitly calculated by the tow—boat operators . Experience and the

going ra tes , together with the bargaining situation of the barges and

tow—boats , determined the rate of each trip.

The estimated tow rates by rad ius d istance , 100 kin for each

interval , are presented in the table below .

TABLE 2

ESTIMATED TOW RATE PER TON BY RADIUS DISTANCE FROM BANGKOK
(Samsen — 0 kin)

Radius Distance Rate per Ton Rate per TOfl_k~
a

(kilometers) (Baht) (Baht)

0 — 100 1.48 .0296
• 

100 — 200 4.53 .0302
• 200 — 300 5.16 .0206

300 — 400 8.00 .0229

400 — 500 9.05 .0200

• 500 - 600 12.05 .0227

600 and over 13.13 .0218

Source: Derived from Tow-Boat Questionnaires and Barge Question-
nair es , Project 30.

aSee Appendix Al , p. 61.
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Opera ting Cost of Tow-Boats

The operating cost of tow—boats in this study was derived from

data generated by Project  30; a more detailed account of that data will

appea r in a la ter  report .  The following items are included in the esti-

mation of tow—boat operating cost: depreciation , capital charge, crew

expense , fuel and oil expense , and maintenance and equipment costs .

Dep r eciatio n

The average cost of a tow—boat , derived from the tow—boat study

of Project 30, is 49,385 Baht , and the average life span of a tow—boat

is 58.5 years. A straight line depreciation method is used in calculat—

ing annual deprecia tion in this study . The average depreciation of a

tow—boat is 844.18 Baht per year.

I
Capital Charge

The normal cap ital charge in the study Vehicle Operating Costs
24

was 14 per cent of the ini t ia l  cost .  However , in the study of Project

30 , the capital charge of inland water vessels tends to be higher than

14 per cent. The capital charge of 20 per cent is adopted in this study.

The ann ual cap ital cha rge , on ha lf of the init ial  value , is 4 , 938 .50

Baht . In the Thailand Transportation Coordination Study, the annual

capital charge was estimated as 15 per cent on half of the initial

value of the tow -boa t .  The annual charge of tha t study was 4 , 500

Baht .
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Crew Expense

The average wage of one crew is 471 Baht per month . According

to Navi gation Law ,
26 

three crews are required in tow—boat operation ,

thus , the average total labor expense per month is 1,413 Bah t, which

amou nts to 14 ,130 Baht for  10 months.  The estimated operating time of

a tow—boat in this area is 10 months , due to maintenance time for two

months a year . This expense does not include foods , which are provided

free to the crews. An allowance of 200 Baht per month , or 2,000 Baht

for  10 months , is included . The estimated crew expense thus becomes

16 ,130 Baht.

Fuel and Oil Expense

This est imate is obtained from Thailand Transportat ion Coordina-

tion Study. Fuel and oil allowance was estimated to be 15,822 Baht per

year (10 months).

Maintena nce and Equi pment Costs

• The average hull maintenance of a tow—boat is 2 ,429 Baht per

year. This average includes costs of dry docking, labor , and material.

Cost of engine repai r amounts to 5 , 825 Baht , in average, per year .

The only major  i tem of tow—boat equip ment is rope , which is

• averaged to be 833.3 Baht annually . The allowance for others is esti—

mated to be about 50 Baht per year : therefore , the total equipment

expense is 883.3 Baht per year .

_
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Other Expenses

This item includes license charge, business tax, lock fees ,

R.l.D. fees.
27 unofficial payments (tea money), mooring and docking

expenses , and broker charge . An estimate based on the study comes out

to be 6 , 523 Baht per year. This estimated cost is the average operating

• 
cost of tow—boats of all routes , of all sizes, and of both long—haul and

short—haul tow—boats. The differences in size, route operation area and

other related factors obviously affect the operating cost of each indi-

vidual tow—boat. Some adjustment would have to be done if the operating

costs of tow—boats in different routes and sizes were of interest.

TABLE 3

ESTIMATED TOW-BOAT OPERATING COST PER YEAR
(in Bah t)

Cost Category Estimated Cos t Per Year

Depreciation Allowance 844 .18

Capital Charge 4,938.50

Crew Expense 16,130.00

Fuel and Oil Expense 15,822.00

Mai n tenance and Eq u ipmen t Costs 9 ,137.30

Other Expenses 6,523.00

Total Operating Cost Per Yea r 53 , 394.98

Source: Project 30, Tow—Boat Questionnaires and Tow—Boat Study .

The estimated tow rate , on the other hand , can be presented in

the form of a graph , as in Figures 1 and 2. It should be noted that tow

charges for different radius distances are not significantly different .
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This is due to the severe intermodel competition of the tow—boat system

in the Central Plain. The lower rate does not provide too much room

for the rate to reflect the distances . The estimated rates are sub-

jected to some adjustments if rates for some specific points in space

are of interest. As an example, the tow rate of a loaded barge from

Thambon (district) Nongsaikao, C. Lopburi to Bangkok, a distance of 178

kin, is 8.75 Baht per ton, while the average tow rate of 100—200 kin

interval is 4.53 Baht per ton. This is due to the irregularity and

sma ll volume of commodity that flows from this place. The number of

barges in tow is very small , th us the rate has to be high enough for

the tow—boat to cover its operating cost.

FIGURE 1

Tow Rate Per Ton by Radius Distance
(Bangkok — 0 km)

0 100 200 300 400 500 600 700

Distance (kin)
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FIGURE 2

Tow Rate Per Ton—Kin by Radius Distance
(Bangkok 0 kilometer)
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III. Barge Line Operation

Barge activit ies in inland water transportation in the Central

Plain of Thailand date back about 100 years . Before the time of steam

engine tow—boats , barges were very small and had to depend on sails and

oars for their movement. When steam engine tow—boats were made avail-

ab le , the activities of barges in inland transportation increased sig-

ni f ican tly,  and their impact on transportation was felt by governments

in that period . Most of the waterway development and maintenance was

done before the Second World War. Inland water transportation had once

been the most important means of transportation in the country . At the

presen t time , the relative importance of the inland water transportation

has declined , since other means of t ranspor ta t ion  have been greatly

developed . However , its importance and impact on f r eigh t movemen ts is

still  fa r too significant to be overlooked by the authorities . The

impact of the barge on agricultural produce and construction material

shipments is demonstrated in the volume of these bulky goods transported

by water. The most important transport units engaged in inland water

transportation are barges of various sizes.

General Operation

Barge line operation in the area is rather primitive in charac-

ter. Barge operators have to depend on thei r own experiences in

27
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searching for freights. There is no other way for them to find out

where and how to get cargoes, besides their experiences and information

that they obtain from friends . The lack of up—to—date  information

regarding distribution in different times and seasons of the year , and

the number of waiting barges at each location decreases the efficiency

of the barge line operation. Most of the barge operators , since only

thei r own experiences count , have a st rong tendency to operate in their

specific areas and with the shippers they know . However , in pra ctice ,

the efficiency of the barge line operation is rather high ; we shall

return to this point later .

There were about 10,000 barges in active operation in 1967—68 .

A large number of them were small size barges. However, the tendency

towards larger size ones has been continuing. Economics of size has

bee n realized by both the barge operators and the shippers . For some

commodities for which large barges play the important role in their

transportation , transport rates have been reduced in recent years. As

an example, maize that is transported from Changwat Lopburi to Bangkok

is cheape r in ra te  in recent years if it is transported by large barges .

In fact , even in the same time period transport rates on maizes charged

by small size barges from Lopburi to Bangkok are 3 Baht per sack (100

kgs) , while those of la rge barges are 2.50 Baht.  The lower rates of the

large barges are , however , more dependent on other factors than are the

lower operating costs. The economy of size is the factor that makes the

lower transport rates possible .

Facili t ies fo r loading and unloading cargoes , in general , are

very poor , and unnecessarily long periods of tine are spent in this
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operation. From the study of Project 30 , Barge Questionnaire , the lay-

over time and the waiting time of barges averages about 15 days at both

ends . Labor expenses in this transaction are customarily paid by ship-

pers , and an excess of labor supply has kep t the going rates very low .

The interrelat ionship of barge and tow—boat operation will not

be repeated in this chapter. However , some details of barge line opera-

tion have to be explicitly stated here. The strings of barges are, in

nearly all occasions , pulled by tow—boats . The push—towing practice is

very rare indeed . The larger barges are always positioned in front of

the line and they have to pay extra tow charges of ten to twenty Baht.

Navigation problems are lef t to the tow-boat operators; any damages

arising while they are in tow are supposed to be the responsibility of

• the tow—boat. Compensation for those damages have to be paid by the

tow—boat operators.

One major drawback of the barge line operation is the practice

of shippe rs , especially rice shippers , of using ba r ges as f ree f loat ing

• s torages.  At their destinations , barges have to wait for ten to fifteen

days for cargoes to be unloaded without any compensation. It is quite

common for them to be kept waiting for unloading for thirty to forty

days. The handicapped bargaining position of barges stems from their

ownership status . In the Central Plain, more than 90 per cent of 10,000

barges are privately owned ; the intermodel competition of barges at all

major loading points is so severe that cutthroat competition is quite

common. Being privately owned , barge operators cannot set up any rules

to improve the situation. It is very interesting to find that they can-

not group together to exercise collective bargaining power , even when

~
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strong con~ on incentives of long—term mutual benefits are present .

Sho rt—term individual benefi ts  seem to motivate barge operators in their

operations more than any other factor. The insufficient information ,

supply of barge service, and low substantial income level of barge

• operators can be realistically set up as explanatory variables in their

attitudes toward long—term benefits .

Specific Rout e Qperation

The most important route o f the barge line operation is the one

that connects the Upper Central Plain and the Northern region to the

Bangkok area. In the wet season, loaded barges from the former region

can travel all day and night between Nakorn Sawan and Bangkok. Above

Nako rn Sawan , ni ght running is not a common pract ice .  Main waterways of

this route are the Ping , Nan and Chao Phraya Rivers. In the Ping and

Nan River s , sometimes tow—boats have to pull lines of barges from behind ,

in opposite di rections in order to o f f s e t  swif t  currents  in the wet

season. In mos t parts of the Chao Phraya River , barges can be assembled

into double—tow , i.e., two st r ings of barges are assembled side by side.

It is more convenient for the tow—boat operator to maneuver a short ,

double—tow than a long single—tow of the same number of barges . The

advantage of the strong current in the wet season is that the travel time

of the barge is reduced significantly. Waterways used in the wet season

prov ide ano ther signi f ican t red uc tion in the relative travel time. On

the rivers , the only lock i~ a modern one at the Chao Phraya River. Time

• spen t by barges passing through the lock is shortened by modern facili-

ties that can handle a large number of barges at one time . The
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conveniences of the waterways strengthen the competitive position of

barges considerably . Most grains produced in these regions are trans-

por ted to markets by water in the wet season .

In the d r y  season , the travel times of barges from the Upper

Central Plain is increased three to four times over that of the wet

season by the inconveniences of waterways . The main waterways used in

the dry season ar e the Chao Phraya River , Supan and Noi rivers . The

Chao Ched Canal is the most important waterway , and makes it possible

for barges to travel from the Supan and Noi Rivers to the main Chao

Phraya River . From below Nakorn Sawan to above Chainat the Chao Phraya

River is very convenient for both day and night running . Just above

Chainat , loaded barges have to divert from the main river and take

either the Supan or Noi River for their Southward trips to Bangkok. On

the Supan River and Chao Ched Canal they have six locks to pass through ,

whereas on the Noi River they have only four locks. However , the popu-

lar and more conven ient wa terway is the Supan River . Only a handf ul of

small ba rges p re fe r  the Noi River to the Supan River.  This is due to

• the unnavigable channels of the Chao Phraya River between Chainat and

P. Singburi , and below Singburi and Ayuthaya . The Chao Ched Canal leads

the barges h~~ K to the  main r iver  at Bangsai . The limitz tions of the

waterways In the dry season weaken the competitive position of barge

service to an extent that commodities that used to be transported by

barges from the northern area have to depend on other means of trans-

portation. The navigable waterways in the dry season have been reJu~ ed

f r om over 3 , 000 kilometers to 1, 103 k i l ome te r s .  In this route  the oper-

able region of barges is reduced to less than half  t~~ i t  of t~ c we~
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season. Night running is possible only on the Chao Phraya River , from

be low Nakorn Sawan to Chainat and between Ayuthaya and Bangkok.

On the east and west sides of the Bangkok area, we t season

routes and dry season ones are the same. The main waterways in these

regions are semi—artificial and artificial ones. Night operation on

these rou tes is possible, however , locks on the routes usually do no t

operate twenty—four hours. Thus, night running is possible only in some

sections of the routes .

Commo dity Spec ial iza tion

There are some barges that carry only specific commodities all

year round . It is possible for them to specialize in carry ing these

commodities because of the consistently high volume of commodity flow .

Sand Barges

The volume of sand transported by barges is large enough for a

large number of barg es to spec ial ize only in sand shipment all the year

round . Most of the sand barges tha t spec ialize In carrying land—filling

sand are of a large si’e. These barges operate on the Chao Phraya River ,

from Bangsai to Bangkok. These large size barges are designed to oper-

ate only in rivers where there are no small locks. The limitations of

these barges on the other waterways are very severe , since the widths of

nearly all locks on the navigable waterways are six meters. The short

waterway distance between Bangsai and Bangkok r~akes i t possible for

these barges to operate up to 12 to 14 round trips ir~ a mon ths ’ time .

The sand barges are the heaviest loaded barges of them all , the avera ge
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load of sand was nearly 50 pe r cent greater by weight than cargoes of

similar type barges . 28 Tow—boats that  se rve sand barges are not

included in any categories of the tow—boats discussed in the previous

chapte r. By agreement , one cow—boat serves one group of barges all

yea r round . In a period of time , tow rate is determined once and for

all. The average tow rate for a round trip from Bangsai to Bangkok is

3 Baht per cubic meter. Sand is dred ged from the riverbeds at a rate

of 4 Baht per cubic meter .

Cement Barges

To carry cement , barges have to make contracts or agreements

with the cement shipper companies which , in turn , have contracts with

cement producers . A rotation system is applied among barges engaged

in this activity . Most cements are shipped from A. Tharua , C. Ayuthaya ,

on the Pasak River to Bang kok. The average load of a cement barge is

the same as that of barges of similar class that carry other cargoes .

Tow—boats serving these barges are provided by the contractors.

Rice Barges

Rice barges , in general , are small in size. Rice shippers would

not like to tie all their cap ital, i.e., rice , in one large barge . The

two main reasons for this practice are: minimize risk of accidental

loss , and precaution against ill practices of the barge operators. Most

of the barges th at specialize in rice carry ing do business wi th onl y one

or two rice mi l le rs  and/or  rice shippers . Personal relationship is a

—4
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most important factor in this business. The layover times of the rice

barges are the highest among barges that engage in specialized cargoes .

The inward trips of barges to Bangkok are always loaded , while

the outward bound barges are generally empty . In the study 29 based on

• the river surveys of Proj ect 30 , 48 per cent of the total moving barges

that originated f rom Bangkok were empty .

* Barge Operating Cost

• The ope rating cost is determined by various fac tors  that a f f e c t

• the variable costs of the operation . The following factors are

included in the estimation of barge operating cost: tow cha rge , cr ew

expense , lock fees and user charge , docking and mooring fees , loading

and unloading expenses , t ravel t ime and layover time , maintenance cost ,

deprecia tion , cap ital charge , load capac ity ,  taxes and other minor

expenses that relate to the operation. These factors are grouped into

• four categories . They are:

1. Variable Cost Per Round Trip

2. Maintenance Cost

3. Depreciation and Capital Charge

4. Taxes and Others

The Variable Cost Per Round Trip is then transferred into “Variable

Cost Per Ton-Km .” The same is done with the second , third and fourth.

The operating cost per ton—krn, then , can be derived by adding the two

estimated costs per ton—km .3° The average operat ing costs , in ton—km

by commodi ty ,  a re show n in Table 4. 

~~~• .~~~~~~~•
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TABLE 4

BARGE OPERATING COST PER TON— KM BY COMMODITY

Commodity Average Operating Cost Per Ton—Km

Maize .05700

Paddy .06624

• Rice .06624

Rice and Paddy .06744

Cement .04440

Gravel and Stone .06959

Sand .07838

Source: Project 30 , Ba rge Quest ionnaire

Factor Evaluation

In calculating the operating cost of barges in this study , the

factors that determined the cost are derived from questionnaires .

Barges that carried the same commodity were grouped together , and the

operating cost of each barge was then estimated separately . The

average operating cost per ton—km is obtained by a method of simple

• arithmetic mean . The reason fo r  app lying the simple ari thme tic mean is

that  the sample size of ba rges , by commod ity ,  is not large enough to

• pe rmit ful l  use of a we ighted mean. Moreover , if it is weigh ted by size

or load capac ity of the sample , very complicated and hard to solve prob-

lems will arise and tend to bias the average operating cost per ton—km .

These problems would result from less than full load operation , and

number of d i f f e r e n t  sizes of barges engaged in some commodities in a

speci f ic  pe riod of t ime , and volume of each commodity that flows in that
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period. Instead of using a weighted mean or other objective evalua-

tions, a subjective analysis of the factors , mentioned earlier, is

applied for each individual barge in order that the most realistic and

t ruly representative barge operating cost can be derived from the sam-

ples. Even though the subjective analysis, built in as an adjustment

facto r , is open to various kinds of criticism , it is the best kind of

adjust ment that  can bring the experience and inside knowledge of the

researcher into positive use , especially when a constraining time is

imposed . It seems to be generally known among statisticians that a cost

restraint of sample size makes it uneconomical , in most cases, to have

a large sample size. The nature of barge operation in the Central Plain

permits a small samp le size of ba rges engaged in active operation of

each commodity transpo rtation .

Tow Charge

• Tow charge is subject to distance , convenience of waterway ,

number of barges in tow , size of ba rge , commodity,  season and number of

tow—boats In each assembled area . The distance , convenience of water-way ,

and seasonal f a c t o r s  are correlated . On the other  hand , th e seasonal

f a c t o r  is explained by exogenous variables , such as the level of rain-

fall. One important factor that cannot be explicitly spelled out in any

objective analysis is a bargaining factor which is determined by various

fac tors , including ~-~ rsonai relationship. Tow charge from an or igin to

Bangkok , given all factors 1-esides the bargaining one , constant , can be

signiticantly different for each barge in different tows. In the same

tow the rate charged for some barges of the same size and load , can
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still differ significantly. In this study , the factor is recognized ,

and thus, each barge is evaluated separately .

Crew Expense

There is no general pattern in hiring crews in the barge opera-

tion. Wage rates are different from barge to barge and for different

trips of the same barge. Moreover , since families of barge operators

live in the barges , members of the families automatically act as crews

of the barges. It cannot be generalized in average number of crew mem-

bers required for each size and each type of barge , and the only appro-

priate way to examine the crew expense is to consider and evaluate each

sample separately . An opportunity cost of the barge operator is esti-

mated and included in this expense. The average wage of unskilled labor

in the construction industry is used as the a l ternat ive foregone f igure

of the barge operator. The rationale behind this average wage is that

most of the barge operators do not have the experience necessary to be

skilled labor in other kinds of activities; only a few reported in barge

questionnaires to have had any other experience besides barge operation.

The average wage used as an alternative foregone earning estimation in

this study is 10 Baht per day .

Lock Fees and Use r Cha r ge

This fac tor  has been standardized by the Royal Irrigation Depart—

me nt  (RID) . It depends on the width and length of barges that operate

in ir r igat ion canals , and those that  use the facilities o locks.

Vessels equipped with inboard and outboard engines have to pay d i f t e r -nt
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rates ; these rates are subject to the horsepower of the equipped

engines. Different routes and different areas of operation are other

factors that dictate this expense of the barge operator , The cost of

lock fees and user charges of some barges can be zero , while those of

ot her barges may be very high.  It can be seen that a separate evalua-

tion of each barge operating cost is far better than a gross estimated

• figure f rom studies31 which did not take routes , and origins of differ-

ent commodities into consideration.

Docking and Mooring Fees

This variable is a function of layover time and commodity

carried . The former , in general , is correlated with the latter which ,

in turn, is a function of market prices in Bangkok and the export market.

However , the d i f f e r ences in the expenses of bar ges of d i f f er en t sizes

and of d i f f e r e nt lengths of time are insignificant .

Loading and Unloading Expenses

These expenses are usually paid by shippers , but for some

commodities barge operators have to pay some parts  of them . This factor,

in general , does not a f f e c t  the operating cost of the barge , and can be

reasonably disca rded from the analysis . However , this va riable is

included In the operating cost per ton— km in order that this cost by

commodity can re f lec t  the real cost of operation of the barge in shi p—

ping various commodities.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ •••• . _ • • _ • _ ••••••
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Travel Time and Layove r Time

Travel time is, aside from distance , determined by waterways

used in different seasons of the year. Besides wet and dry seasons,

the beginnings and ends of wet and dry seasons have to be taken into

consideration . The variable directly a f f ec t s  the waterways used

through different water level, and indirectly determines travel times

of barges from various origins to Bangkok. The impacts of this van —

able on travel times of barges that carry differen t commodities and

different operational areas varies . Moreover , in some areas barges of

different sizes are unequally affected by this variable. Layover time

of barge is determined by market price in Bangkok and that of exported

market , as mentioned earlier in the docking and mooring fees evaluation.

The complicated problem of transferring the time spent into money

values arises when this occupancy time is evaluated in this study . An

estimation of 10 Baht  per day,  24 hours , is used as a rough measurement

of both layover time and travel time .

Maintenance Cost

At first glance , the maintenance cost seems to be a function of

short—haul and long—haul operation. However , a careful study will show

that the true variables of the Maintenanc e Cost are: the commodity that

a barge usually carries , its area of operation , the taste and preference

of the barge opera tor , the place that the maintenance is carried out ,

and the age of the barge. Given tha t prices of materials are constant ,

the most important variable is average income of the barge and its

income in that particular period. Another variable is the size of the
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barge and the material used in hull construction. All these variables

play important roles in explaining the difference in the maintenance

cost of each barge. The separate evaluation of each barge is believed

to be a more correct approach .

Depreciation Chargt

Life spans of barges of all sizes were differently estimated by

barge operators. In over three hundred questionnaires taken, the life

spans of barges varied from less than 50 to over 100 years. In this

study an estimate of 80 years was derived from averaging the sample life

spans, and through subjective evaluation concerning the nature of barge

maintenance and long experience of some barge operators. Depreciation

is assumed to be a constant amount throughout the life span , or in other

wo rds , dep r eciation is assumed to be linear. It is further assumed that

after 80 years the economic value of a barge is zero . The initial value

of a barge will determine the estimated value of depreciation charge of

each barge. The problem of used barges and resale is solved by adopt-

ing as the resale value the initial price of that barge ; the life span

and economic l i f e  of tha t  barge , are then r educed by the numb er of years

it had bee n in use.  It can be seen in this case tha t separate evalua-

tion of each barge is a necessity.

Capital Charge

It is hard to estimate this variable in an underdeveloped

country like Thailand . Financial institutions of th~ country are not

developed to the level that  an official interest rate is a true rate in

_
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the market. In the inland water transport industry , the going rate is

estimated to be somewhat high . However, a capital charge of 14 per cent

is adopted : This rate is the same as that used in Vehicle Opera ting
• 

Costs.32

Load Capacity

Load capacities of a new desi gn ba rge and an old design one ar e

signif icant ly  d i f f e rent . Load capacity of the former is greater than

that of the latter , even though the registry tonnages are the same. The

advantages of the former are on reg istra tion fee , lock fee and user

charge ; but there is no advantage gained in tow charge. The advantages

on other items included in barge operating cost are realized by barge

operators.

Taxes and Minor Expenses

Taxes are based on estimated incomes of barge operators and a

lump sum tax is collected by various government agencies annually.

lnefficiency in tax collecting makes a significant difference in actual

tax payments among barge operators. The actual expenses are used in

this study. Other minor expenses of barges are very diverse. These

expenses include tea—money and other expenses of the same nature .

Barge Transportation Cost

Transportation costs of barges are expenses to shippers and

income to ba r ge operators. The inland water transportation industry has

realized severe in terinodel and intrarnodel competition . Transport costo
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of d i f f e rent commodities cannot be so high that excess profits , besides

economic profits , can be realized by barge operators . In practice, the

margin of profit in the barge business is so narrow that many barge

operators——to be precise, over 80 per cent out 
of nearly four hundred

samp led——predicted that the futur e of barge 
business would be very poor

as a result of a continuous decline in 
transportation rates . Many of

them would like to quit  their barge activities whenever and wherever

there was a chance. Transportation costs by commodity and radius dis-

tance are shown in Table 5.

To transform the transportation costs per 
sack given in Table 5

to costs per ton, one can simply multiply them 
by 10 (one ton = 1,000

kgs = 10 sacks). In order that a profit margin can be 
derived from

this stud y ,  t ransportat ion cost by radius distance of each commodity is

pr~~.’ided in Table 6.

Among major agricultural products , 
rice is the most expensive

commodity to transport. The transportation cost of rice from 
each dis-

tant point is higher than that of paddy 
and maize. Transportation cost

per ton—km of rice, like that of maize 
and paddy , declines in uneven

decreasing rates. In the dis tance intervals of 300—400 and 
400—500, the

rates per ton— km of all the commodities are the same or nearly the same ;

then they decline again after 500 kms. The higher transportation rates

of rice , and the fluctuation in the 
decreasing transportation rates in

ton—km of all the commodities , can be exp
lained by the following factors:

size of the barge engaged in rice 
transportation; and inconvenient water-

ways of the route that connects the 
Upper Central Plain and Northern

Province provinces to Bangkok.
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TABLE 5

TRANSPORTATION COST BY COMMODITY AND RADIUS DISTANCE
1967—1968

(Baht per sack: 1 sack = 100 kgs)
(Bangkok = 0 Kin)

Radius Distance Transportation Cost Per Sack
(Kilometers) Maize Rice Paddy

0 — 100 Naa 1.603 1.850

100 — 200 2.247 2.522 2.500

200 — 300 2.730 3.960 3.800

300 — 400 3.900 4.555 4.111

400 — 500 4.488 5.735 4.900

500 and over 5.387 6.763 5.595

Source: Derived from Barge Questionnaire , Project 30.

aNo maize had been transported to Bangkok from places less than 100
kilometers away .
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TABLE 6

BARGE TRANSPORTATION COST PER TON—KM
• BY COMMODITY AND RADIUS DISTANCE

1967—1968
(Bangkok = 0 kin)

Radius Distance Transportation Cost Per Ton—Kin (Baht)
(Kilometers) Maize Rice Paddy

0 — 100 Naa .3223 .3000

100 — 200 .1652 .2062 .1882

200 — 300 .1342 .1779 .1370

300 — 400 .1257 .1344 .1249

400 — 500 .1255 .1346 .1246

500 and over .0965 .1165 .0944

Source: Derived from Barge Questionnaire , Project 30.

a
NO maize had been transported to Bangkok fror.~ places less than 100

kilometers from Bangkok.

Barges engaged in rice transportation , in general , are classi-

fied as small size barges. As was mentioned before , rice shippers would

not like to tie all their cap ital in one large barge . Personal rela-

tionships between barge operators and rice shippers , In the shippers~

point of view , is a precau tion factor against risk. Risk can be mini-

mized , in one asp ec t, if the shippers can screen barge operators and do

business only with those who can be trusted . The barges , however , still

have to be small , even though the shippers can find qualified barge

operators . In general , they hav e good reasons for  pay ing higher prices ,

and in practice they have done so, w I t ’r.n ~~t any obj ec t ive  analysis of any

kind .
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• The constant rates existing in the distance intervals of 300—400

and 400—500 kms of all major agricultural commodities can be explained

• • by the hazardous waterways in the mentioned route. Major loading points

of these products with distances of over 300 kilometers are in the Upper

j Central Plain and Northern regions. Around Nakorn Sawan area , which is

• about 316 kms from Bangkok , the waterways are very inconvenient in the

• dry season. Sand bars anc hazardous channels at the ueginning of the

Chao Ph ra ya River are some of the most troublesome obstacles of inland

• water transportation. In the wet season , when the Ping and Nan Rivers

• are navigable, the strong currents and the twisting of the rivers cause

many troubles to barge line operation. Barges that operate on this

route in the wet season can go upstream as far as Ut t o r a d it ,~~
3 and the

commodities outflow from that area are relatively small when compared to

those that flow o~ t from Pittsanulok34 and Pichit .35 Most of the barges

are clustered around Pichit and Pittsanulok to tap the commodities out—

flow from these places ; however , the inconvenience of the waterways pre-

vents the lower rates per ton—km in the 400—500 kins interval . The inter-

play of these variables forces the rates to be the same in 300—400 and

• 400—500 kms intervals. Over 500 Ions, however , the impacts of commodi-

ties flow and seasonal supp ly of barges more than offset the impact of

inconvenience of the waterways. The rates per ton—k: in this open

interval decline considerably .

Profit margins per ton—km of barges that engage in major agri-

cul tural products are shown in Table 7. The) are derived from the sur—

pluses of transportation costs per ton—km over operating costs of

barges in the  same u n i t .
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TABLE 7

ESTIMATED PROFIT MARGIN IN TON—KM OF BARGE OPERATOR

U 
BY COMMODITY AND RADIUS DISTANCE

Radius Distance Profit Margin in Ton—Km (Baht)
• (Kilometers) Maize Rice Paddy

0 - 100 Naa .2561 .2338

100 - 200 .1082 .1399 .1219

200 — 300 .0772 .1117 .0708

300 — 400 . 0687 .0682 .0587

400 — 500 .0685 .0684 .0584

500 and over .0395 .0503 .0282

Sou rce: Derived f r o m  Transportation Cost and Operating Cost Per
Ton—Kin , Barge Questionnaire , Projec t 30.

aNO maize had been transported to Bangkok in this interval.

Barge Line Eff iciency

“An indication of efficiency is the number of barges in mo tion

at any one time compared to the total number of barges .”
36 The percent-

ages of moving barges at different points of tine can be used as index

numbers for comparison purposes. However , the number of total moving

barges includes the moving barges that do not carry any cargo , which

accounted fo r over 17 per cent in average of River Survey 1 and 2

(Novemb er , 1967 and February , 1968). It is no ted by the men tioned study

that in February the per cent of moving barges showed an increase of 2.5

pe rcentage poin ts  over tha t in November. This increase can be
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a t t ributed to the increase of t ransportat ion requirements a f t e r  the

paddy harvest season.

The study showed that large and medium barges operated more

ef f ic ien t ly than did the small barges . The f i n d i n g  of this study ,  which

is based on the stud y of Proj ect 30 , is presented in Table 8.

TABLE 8

MOVING BARGES AS AN ESTIMATED PER CENT OF TOTAL BARGES
(Per cent of total  barges )

Type of Cra f t  Survey 1 Survey 2 Average 1 & 2

Small Barge 13.5 18.0 15.5

Medium Barge 23.5  23.0 23.4

Large Barge 21.2 25.6 22 . 1

Self—propelled Barge 25.2 23.0 24.5

All Barges 16.7 19.2 17.7

Source: Charles R. Nelson , Coiiinercial Water Transportation in
Central Thailand, Draft Repor t (Bangkok , Augus t 15, 1967) ,
Table 2 , p.  12 (based on the s tudy of Project 30).

If the factors concerning the turnover time of barges were

• taken in to cons idera tion , then it can be seen clearly that the fficiency

of barge line operation can be increased significantly. The factors

are: travel time, layover tine , time spent in loading and unloading ,

and commodities flow . They are discussed briefly in this study.

• It was mentioned earlier in this section that travel time is a

function of waterways used and distances of loading places from Bangkok. 
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If the waterways were improved and fac i l i t ies  on the a r t i f ic ia l  and

semi—artificial waterways were developed , then the travel time of barges

would be significantly decreased . However , the impact of shortened

t ravel time cannot be realized if the layover time is not reduced . One

way of reducing the layover time is to make shippers responsible for any

ext ra time wai t ing to unload cargoes . Time spent in waiting for cargoes

at the loading point  canno t be easily reduced . The volume of coniinodi—

ties flow , which depends on various exogenous variables, cannot be

increased overnight.  In the shor t run , however , if water  t r anspor t a t ion

can reduce the t ravel  time s i g n i f i c a n t l y, it is believed that the volume

of commodities flow by water transport will responsively increase. The

sho r tened travel time will decreas e the opera ting cos ts of barges and

should more than offset the cost of shippers using barges as free

storage, if the charge of extra waiting time for unloading is not too

• hi gh.

—--~~~~~~~~ - -~~~ - ~~~~
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IV. Advan tages of Inland Water
Transpor tat ion

The importance of inland water transportation in the Central

Plain of Thailand can be seen from the volume of major commodities that

we re transported by water . The intr icate and extensive waterway system

in this  area has never been a heavy burden to the government and the

taxpayers .  All the development of the  waterways was a by—product of

the mul t ipurpose projects. However , in recent years the advantages of

water t ransporta t ion from both logist ic and economic points  of view have

been partly realized by the government. Some important studies concern-

ing inland water transportation have been made in the period of 1966—

l968.~~ To be specific , the advantages of inland water  t r anspor ta t ion

U 

are: the area of wa terways, supply of vessels used in inland water

t ranspor t , maintenance and development cost of waterways , operating cost

and transportation cost of barges .

Waterways

The Central  Plain is very level and f l a t , and the r iver  basin

in th is  area has a gradient  of about 1:10 ,000. This geographical advan—

tage makes it possible fo r  the  extensive wa terways  to be of great use ,

since the problem of strong currents is ha rd ly  s i g n i f i c a n t  to the wate r

t r a n s p o r t .  The i n t r i c a t e  waterway system prov ides  a wide range of trans-

portation and communication in the wet season. In the dry season , the

49
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limit of the waterways can be easily eliminated , if some minimum level

of waterway deve lopment  and ma in t enance  is done. One of the best sys-

tems of wa terways , provided by nature , is not f u l l y  exploited by the

au thor i t i e s  in t h i s  region.  The w a t e r w a y s  in t h i s  region need not be

constructed and maintained as do those bas ic  r equ i remen t s  of land

t ranspor ta t ion, i . e . ,  h ighways  and r a i l w a y s .  The costs of construction

of the basic r e q u i r e m e n t s  in in land  w a t e r  t r a n s p o r t a t i o n  are relat ively

very low per un i t  d i s tance  in tk ~ Cen t r a l  P l a in .  Moreover , f rom the

log ist ic poin t  of view , wat~~rwa~~ e i n d e s t r u c t i b l e , u n l i k e  those of

land t r anspor ta t io r ..

Sup p ly of Vessels

Inland water vessels are cons t ruc ted  locally , and nearly al l

the materials used in the construction are domestic materials. The

supply of vessels can be increased in a rather short time without a huge

drainage of foreign exchanges , which , in most of the underdeveloped and

develop ing countries is rare. In the region where inland water trans-

por t  p lays an impor tan t  role in overall transportation industry , the

security of low—cost supply of vessels is one of the most important fac—
p

tors in determining the regularity and consistency of services and their

rates . In a normal situation , the advantages that can be der ived f r o m

the secu r e , domestic supply of transport units are not readily visible.

However , in a crisis , when the supply of transport units imported from

other countries is not available , then the setback of the transportation

system can be instantly felt. I f  the alternative fcregone by foreign

exchanges tha t have been used to purchasing transport un.~ts from the
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other countries is taken into considerat ion, then the advantages of the

cheap , domestic supply of transport units will further be stressed .

The secondary benefits that can be derived from the domestic production

of vessels are many , such as that of boat builders , local employment,

and so on.

Low Main tenance and Development Cost
of Waterways

The waterways in the Central  Plain of Thailand are underdeveloped

and poorly maintained . The estimated government expenditure in locks,

maintenance , and river training amounted to only 6.4 million Baht in 1964

and 29.1 38 million Baht in 1967, The expenditures declined to less than

23 million Baht in 1969 . In highway construction and maintenance, the

expendi tures  were 630.0 million Baht in 1964 and 2142.9 million Baht in

l968 .~~ If the volumes of commodities tha t were t r anspor ted  by water

and the number of barges4° were taken in to  consideration, then the

expenditures on the waterway maintenance would be insignificant . More-

over, the expenses of lock maintenance are a rather common cost in

nature. The main purpose of locks is water supply control for irriga-

tion. The cost of waterway development and maintenance has been very

low for a long time , and even if an efficient waterway system had been

developed and maintained , the cost of maintenance and development would

be relatively low in this area where nature has already provided a

t remendous water suppl y and extensive waterway system in one of the best

possible geographical  s i t u a ti o n s .
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Barg~e Operating Costs of Inland Water
Transportation, A Micro Analysis

A micro analysis that concentrates on the operating and trans-

portation costs of commercial transport units can provide benefits to

all that engage in transportation industry . The benefits of the study

can be much further  realized if a comparative study , in micro sense ,

can be conducted in such a way that the operating and transportation

costs of different kinds of transport units , engaged in highway , rail—

way, and waterway, are compared , and a productive portrait of advan-

tages can be drawn. In this study , barge operating cost as well as

transportation cost in ton—km are compared to those of truck and freight

trai ns.

Truck Operating Cost

Truck operating cost , in general, is the function of size and

weight , fuel and oil expenses , depreciation charge , interest or capital

charge , crew expense , t ruck occupancy and working time , maintenance and

others .  In the study of Vehicle Operating Cost ,41 
the opera ting speed

and the road s u r f a c e  were very  impor tan t  f a c t o r s  tha t a f f e c t e d  the

operat ing cost  of t rucks . The opera t ing  costs of trucks per ton— kin are

shown in Table 9.

Operat ing Cost of Fr eight Trains

in the study of Thailand Transportation Coordination Study,

the operat ing cos t of the  f r e i g h t  t r a i n  per t r a i n — k r - . was 31.94 Bah t .

The operating cost per ton— kin o the f r e i ght t r a i n  was .08 3 B ah t .  The
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TABLE 9

ESTIMATED TRUCK OPERATING COST PER TON-KM
• BY SIZE , ROAD SURFACE , AND SPEED

Speed and Road Surface Small Trucka Large Truckb

Paved , speed 56 k .p .h .  .1677 .1948

Gravel , speed 40 k.p.h. .2356 .3107

Earth , speed 32 k.p.h. .3226 .5206

Source: Derived from the study of Vehicle Operating Costs, p. 12,
Table 2 ( 2 ) .

a
A~~~~~~~

. of full load truck , 5 tons .

bAssumption of full load truck , 10 tons .

cost per ton—km was derived from 255.1 million Baht freight line haul

costs divided by 247.0 million loaded freight car kilometers, and

divided by 12.5 tons per load.

The operating cost of barges per ton—km cones out to be the

cheapest among the important transportation modes in the Central Plain

of Thailand . The o p e r a t i n g  cost per ton— kin of ba rges is about f ive  to

• seven times less than that of trucks of different speeds and road

surfaces . In comparison with that of trains , the cost per ton—km of

barges comes out to be about half that of the freight train with a 12.5

ton load. It should be pointed out that the relatively cheap operating

cost of barges is not the result of waterway development and maintenance.

The advantages of the inland water transport are solely derived f ro m the

sui table  geographical  s i t u a t i o n  and the naturi of the transport itself.

_ _  _ _ _ _ _  
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It has been proven that the operating cost of barges for rice transport

will be significantly reduced if the waterways development in central

Chao Phraya River had been carried out.43

Transpo r ta t ion costs of trucks and f re igh t  trains , or their

rates charged , are summarized in this study to show the advantages ship-

pers derive in transporting a unit of commodity via water transporta-

tion.

Truck and train transportation costs are obtained from the

Thailand Transportation Coordination Study.
44 They are presented in

Table 10.

TABLE 10

APPROXIMATE CLASS la t!L.T.L.Iv b TRUCK RATES BY DISTANCE CATEGORIES

Average Transport Cost Per Ton—Km (Baht)
Distance Category cL . T . L .  Rates Truck-Load Rates

Under 100 km 1. 246 0.938

101 — 200 km 0.921 0.680

201 -- 300 km 0 .678  0.508

301 — 400 km 0 .594  0.445

401 — 500 km 0 .574  0.43 1

501 — 600 km 0 .526 0 .394

601 — 700 km 0.488 0 .366

Over 700 km 0. 471 0. 353

Average 0.538 0.436

Source: Derived from Table 80, p. 358 of Thailand Transportation
Coo rd ina t ion  ~~~~~

aClass 1 = various food produc t s , grains , lumbe r , stone , and rock ,
brick , etc.)

bL T L  less than truck load. 
CT r k L d  = 5 tons . 

---- —~~~~~~~~
---—————-- -—-

~~~~
~-



U - . ~~~~ -~ - - - U i .. . - .. 
_ _

55

Transportation costs by rail had been estimated , by the study, in terms

of Baht per net ton—km. The transportation costs per net ton—km of

agricultural and domestic products (Class 4, 5, 6) and of construction

materials (Class 8) are shown in Table 11.

TABLE 11

AVERAGE CHARGE PER NI-iT TON—KM BY GROUP OF COMMODITY
AND RAIL DIST AN CE

(Baht)

Rail Distance Group of Commodity by Class
(Kilometers) Class 4 Class 5 Class 6 Class 8

100 .2750 .2100 .1950 .1300

300 .2000 .1700 .1417 .1300

500 .1650 .1460 .1230 .1300

700 .1450 .1314 .1114 .1300

900 .1328 .1222 .1033 .1300

Source: Derived fror  Table 70 , p .  338 of Thailand T r a n s p or t a t i o n
Coordina tion Study .

The relative transportation costs per ton—km of barges are far

below those of trucks in all radius distances . At first glance , the

t ranspor ta t ion  costs  of barges and f r e igh t  trains give the impression

that they are not significantly different. However , it must be realized

tha t  the t ranspor ta tion costs of ra i l , or i t s  f reig ht  charges , did n ot

include the costs of transshipments from truck to rail and from rail to

truck at terminals. The loading and unloading costs were not included

in the computation of rail transportation costs in the Thailand Trans-

portation Coordination Stud y. These transshipment costs will , at least ,

.•--•- - • ...•
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alternative products foregone , resources used up in the operation and

their alternative products foregone or opportunity costs.

These variables are systematically divided into direct and

indirect private costs. The forner consists of the initial value of the

barge and expenses incurred in the operation , while the latter is com-

posed of the opportunity costs of the initial value of the barge, time

spen t in opera tion, foregone earning of barge operator. It can readily

be seen that the private cost of barge transportation can be derived

from the operating cost of the barge, which includes all the variables

discussed above , except the estimated value of the barge. A representa-

tive value of a barge was estimated by the TTC study to be 40,000

Baht.
45 

In estimating the opportunity cost of this value , a capital

charge of 14 per cent has already been adopted into the operating cost

of the barge.
46 

The ton— km per barge per year was estimated to be

163 , 200 ton— km .47 Thu s , an estimation of .0062 Baht per ton—k m of the

initial value can be derived from a division of the initial cost of toe

barge by the total ton—km of the barge over its economic life, which has

been estimated to be 40 years.

It  has to be pointed out that  the  barge  is a non—self—propelled

vessel; external power is needed for its activities. The economic cost

of a tow-boa t as an ex te rna l  power uni t  has to be taken into considera-

tion , or the estimated economic cost of barge operation will be under—

es t imated . Howe ver , in this study the economic cost of external power

uni ts  which includes economic bene f i t s  is already taken care of. It is

implicitly included in the operating cos t of the barge as expense for

the external power unit , tow—boat. The expense of the barge , on the  

1. 1r :nr v.. . - .. ~ 
- T - I:: 

-
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other hand , is an income of the tow—boat that rationally must cover the

economic cost of that external power unit. In the situation that the

intramodel and int~ rmodel competition are severe, ~~~ income of tow-

boats can be assumed to be the same as the economic cost of the external

unit power for each barge .

The private economic costs of barge transport per ton—km by

commodity are shown in Table 12.

TABLE 12

ESTIMATED PRIVATE ECONOMIC COST OF BARGE TRANSPORTATION
PER TON-KM BY COMMODITY

Private Economic Cost of Barge Transport Per Ton—KmCommodity 
(Baht )

Maize .06 320
Paddy .07 244

t 
Rice .07244
Rice and Paddy .07364
Cement .05060

Gravel and Stone .07579
Sand .08458

Source: Derived from Table 4, p. 35.

Public expenditure on waterways and facilities was estimated to

48be about 500 Baht per barge annually by the TTC study. However , this

estimation did not include the alternative foregone of the resources

used . An estimate of 8 per cent per year as the opportunity cost is

adop ted in this study. This rate is based on the non—risk interest rate

of governmen t bonds . The re fo re , the estima t i-d publ i c  cost or social

- -
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cost for barge transportation is 540 Baht per barge annual ly .  When this

estimate is t r ans fe r r ed  into  expendi ture  per ton—kin per barge , the

transferred value does not s ign i f ican t ly alter t~ie pr iva te  economic cost

of barge transportation. The public expenditure on waterways and facili—

49ties per ton—kin per barge is estimated to be .0033 annually . The

economic costs of barge transportation are presented in Table 13.

IABLE 13

ESTIMATED ECONOMIC COST OF BARGE TRANSPORTATION PER T0N—I~ I
BY COMMODITY

Economic Cost of Barge Transport  Per Ton—Km
Commodity (Bah t )

Maize .06650

Paddy .07574

Rice .07574

Rice and Padd y .07694

Cemen t .05390

Gravel and Stone .0 7909

Sand .08788

The economic costs of freigh t tra in and truck transpor tation

were estimated by the TTC study to be 1.0400 Baht per f r e i ght car—

kilometer , and 1.9813 Baht per truck—kilometer .
50 It is necessary to

t ransfer  the un i t  costs to be costs per ton—km . The economic costs of

f re ight  t r a in  and t ruck  t r a n sp o r t a t i o n  are . 10400 and .09813 Baht per

ton—km respectively .s~
It can be clearly seen that the economic costs of barge trans—

portation are significantl y lower than those of freight train and truck

. . ., ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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transportation. It has to be noted that  in the TTC study ,  the estimated

economic cost of trucks was som ewhat underestimated .52 The resource

costs involved in providing highway facilities was estimated to be

0.4955 Baht per vehicle kilometer , wh ich measures the lower bounda ry cf

truck cost respons ibi l i ty  for  hig hway facilities and maintenance.
53

From both  micro and macro analys is , the inland water transporta—

t ion  in the Central Plain of Thailand is the cheapest means of trans-

por tation. If the developments that could shorten travel times of

barges in the Central Plain were implemented , the impact of inland

water transportation on the economy would be tremendous . Primary and

secondary benefits should be taken into consideration in cost—benefit

analysis of the inland water transport. However , it is not an immediate

purpose of this stud y to delve deep ly into the cost—benefit study. Time

constraint , insufficient data at this stage of study ,  and budget

cons t ra in t  are f ac to r s  tha t  make any further study at the present time

impossible.



1!T ~~~~~~~~~~~~~~~~~~~
—-

A P P E N D I X  A

Al. Tow Rate

Ori ginal information is obtained from Tow—Boat Questionnaire and

Barge Questionnaire. Raw data is grouped under different origins and

one destination , Bangkok; then they are rearranged according to radius

distances of 100 ki lometers  each , f rom those or igins  to Bangkok.

Detailed information is mostly derived from Barge Questionnaires .

Loaded barges are charged according to commodities. Weight and volume

of the commodity are considered in setting the rate, i -it they are not

explicitly calculated by either tow—boat operators or barge operators .

A standardized unit——sack——of grain provides a conven ient measurem en t

of weight  of d i f f e r e n t  g ra in  type commodities . Each sack of rice ,

maize and o ther gra ins , except bean ,1 contains exac t ly 100 kgs. Con-

struction materials such as sand and gravel are charged by volume ; a

metr ic  u n i t  is widel y used in setting the rate. There is one exception

of units used in transporting construction materials ; cement is charged

by uni t  ton or un i t  bag of 50 kgs .  Other commodities are charged by

either weight or volume : which one will be applied depends on their

convenience. On some occasions , var ious k inds of commodi ties ar e

charged by un i t  barge , as in the  case of kapok.  All these u n i t s , except

those of ba r ge loaded unit , are transferred into unit ton. Unloaded

barges are commonly ch arg ed by barge unit , according to size and

L
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dista nce and their  P laces in the tow . However, the differen 
that

~~~~ from the Places in the tow are hi ghl y Ins ign~ f~ for  unloaded

barges .

All to~ rates for each group of co
~~ odity i .e. graj~ and

con st ru c t .  
mater i a l  of each or i gj ~ are averag~~ by the method of

wei ght ~~ a r it h metj  mean ;  f reque 0~ y of each class of tow rate  is used a~

weight in the calculati 
In nearl y all loading Places there 

~5 no

compl icat d pr ob lem of group of CO~~ odi ty  In th 0  ca lcu l at i  of averagedifferent origins to 
~angk0~

tow rate , sin~~ the construct . 
~~terja1s and graj~5 usually flow fromAll these average tow rate s  are , thee rear ranged accord ing to

radius  distances The tO~~ rates In each radius d is tance , for  all
dities , are then averaged by meth od of Si

~p1e arithmeti mean
To~ ra te per ton_km Is obtained by dIViding the rate Per ton by

the midpoint of each distance class.

The oPera ting cost Per Year is derived from tc
~ _boa t questjo0

nair es , and some Oxp en ses are obtained from the Thailand T
Coor

~~ nat
. 

by 
~1lber Sn

~ith Associat 
and Lyon Associa t Inc .Deprec iat .

An average val ue of t _boa t , hull and engjfl~ is obtained from

a sample size of 27 tow_boats 
Their values range from 11 ,200 to

245 ,000 Bah t. Life Span ~~j t ow_ b o a t  is obtained in the 5ame way, with

a built_in 
suhjc (tj~ ad justment 

Strai g h t  l ine 
depreciation i.e. , 
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constant amount of depreciat ion per year , is used . It is assumed in

this calculation that the economic value of a tow—boat equals zero after

58.5 years , which is the life span of a tow—boat . Ar~ annual deprec ia—

tion is obtained by dividing the average initial value of the tow—boat

by the economic life span of the tow—boat.

Capi ta l  Cha~~~~.——An annual cap i tal  charge of 20 per cent on ha l f

of the init ial  value of the tow—boat  is used in the study . By deprecia—

tion charge , the value of the tow—boat in each consecutive year is

reduced , with a constant rate of deprecia t ion  per year ; half of the

ini t ia l  value of the tow—boat is a very good approximate value for  a

more convenient calculation.

Crew Expense.——The calculation of this expense is a straight—

forward one. An average of expense per one crew is obtained from the

same sample size as that of depreciation.

Fuel and Oil Expense.——As mentioned in Tow—Boat Operation , this

expense is obtained from the Thailand Transpor ta t ion  Coordina t ion  Stud y.

Maintenance and equipment costs and other expenses are straight—

forward calculation. All data is obtained from samples and a simple

ar i thmet ic  mean is appl ied .
~1
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AP P ENDIX B

Bl. Barge Ope ra t i ng  Cos t

Raw data is obtained from the Barge Questionnaire. The sample

size is as large as 4 15 quest ionnaires of all commodities and barge

sizes. Raw data is first classified into small groups by commodity ,

orig in and destination (Bangkok), and operating route. Data from each

barge is then separated into four different subgroups : variable cost

per ro und trip , main tenance cos t, deprecia tion and capi tal charge , taxes

and o thers . 1

Var iable Cost Per Round Trip .-— This includes the following vari-

ables : tow rate , labor expense , lock fee and user charge, docking and

moor ing fee , loading and unload ing expenses , travel time and lay—over

t ime .

Maintenance Cost.——This subgroup includes all maintenance costs

in a year . Expenses on equipment are included in this group. It is

subd ivided into Minor Maintenance (IKan Nun), Major Maintenance (Kan Pi),

and Equipment Expense.

Depreciation and Cap ital C~~~ge.——This is divided into deprecia-

tion charge and maintenance charee.

Taxes and Others .——Tbis is divided into two minor groups as

before .

64
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Expenses of each barge for variables in the first subgroup are

added together . The total variable cost per round trip, then , is trans-

fer red into variable per ton-km .

Maintenance cost , deprec iation and capital charge , taxes and

others are altered to be a sum of costs per ton—km for each barge .

Transferring method will be discussed later in this appendix .

Variable Treatment

Some raw data must be transferred from other units to money

units before tabulating into the subgroups . These variables are:

t ravel time , and layover time . As has been mentioned , 10 Baht per day

is adopted in this study .2

Deprecia tion charge of barge is , as before , treated as a con—

stant unit over t ime. It is obtained by divid ing half of the initial

va lue of the barge by the l i f e  span of barge .

Capi ta l  charge  is t r ea t ed  in the sane manner  as tha t of tow-

boa t s .  However , the  capi ta l  charge  of 14 per cen t is applied in th is

case.

p

Transferring Method

Variable Cost Per Round Trip .——The total variable cost per

round tr ip (TVC) is divided by the product of loaded distance and total

TVCweight of cargo in t~ e trip (LD x TX), LD ~ 
. The distance in this

case is counted onl y when the barg e is loaded ; in other  words , only the

distance of the loaded barge from its origin to Bangkok is counted . The

outbound tri p ot th e l;~~icd barge from Bargku~c is considered as a
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prerequis i te  f o r  other  loaded t r ips  of the barge .  The distance is

based on the actual distances of rivers and canals used in the trip.

The result is the required variable cost per ton—km .

Maintenance Cost.——All the maintenance costs are obtained in

terms of expenses per year . In order to obtain the expenses per ton—km ,

the total distanc e that the barge traveled in that year has to be cal—

culated from the raw data of the barge questionnaire. This is done by

arranging all trips of that  barge into groups of different origins and

destinations. Then , d is tance in each group of origin and destination

can be straightforwardly calculated . Total weight of cargo carried in

that year is more complicated to measure. However , barg es in general ,

always carry cargoes to their full loads and the cargoes they carry can

be obtained from the questionnaire. Thus , an estimation of total wt

of cargoes, carried during the year by each barge , can be computed .

Load capacities of the barge for different kinds of car~ o are considered

to be the loads of that barge for different trips of different car~’~~~- .

Numbers of t r ips , ca r ry ing  d i f f e r e n t  cargoes , m u l t i p i i e d  by load

capacity fo r  each p a r t i c u l a r  cargo will  provide sub to ta l  weights of dif—

f e r ent ca r goes carried in the year. The total weight can be obtained by

adding these subtota l s  t o g e t h e r .  To t r ans fe r  to ta l  maintenance cost per

year into maintenance cost per ton—km , the former has to be divided by

the product of total distance and total weight of tha t year. The uethod

of calculation is presented in equation form below .

N a i n t e n a n c e  cost per ton—km = 
TNC
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Where TI) (LC. x T1)

arid N~~~ (D. xT . )
je je

TMC = Total maintenance cost per year

: TD = Total distance of operation in that  year

N = To tal weigh t of cargoes carried in tha t year

LC. = Load capacity of that barge for commodity (i)

T
~ 

= Number of trips carrying commodity (i) in that year

Dje 
= Distance f r o m  or ig in  (j) to destination (e)

Tj e  
= Number of trips from origin (j) to destination (e)

Dep recia t ion and Capital Charge.—— In order to obtain the depre-

ciation and capital charge by ton—km , the total charge is divided by the

product of total distance and total weight of the barge in the same

manner as discussed in maintenance cost per ton—kin calcujation.

Taxes and Others .-—The expenses on taxes and others per ton—kin

are obtained in the  same manner .

Operating Cost Per Ton—Kia .——It is the sum of all expenses in the

four subgroups in transferred unit , ton—km . The average operating cost

pe r ton— km by corr.xncidity is a weighted arithmetic mean 3 of operating

costs , by commodity , of ba r~ es that  opera te  f r o m  each spec i f ic  or~~;in to

Bangkok.

yjiratin~ Cost Per Ton—l<m b~~ Con~nodity ~nd Radius Distance.——
Average operatin g costs by commodit’; i-er ton—km of barges tha t operate

f ro m var ious  or ig ins to Bangkok are arranged into groups of radius
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dis tance , 100 km for each interval , according to the distances of those

origins from Bangkok. Then, they are averaged to be representatives of

barge operating cost per ton—kin, by commodity and radius distance.

B2. Barge Transportation Cost

Raw data is obtained from barge questionnaires. They are

arranged according to or igin and Bangkok destination , and by commodity.

An average transport cost is obtained by tbe weigh ted mean me thod , as

in computing barge operating cost. These transport costs are computed

in terms of ton— km in the same manner as b e f o r e .  I t  has to be noted

here that the distance used in computing the average transport cost is

a loaded distance of the barge. Then they are rearranged by radius

dis tances , and transpor t costs per ton—km by commodity and radius dis-

tance are calculated as in barge operating cost.

-~~~~~
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ABSTRACT

The purpose of this study was to provide a framework within

which the economic costs of the various modes cf transport common in

Thailand can be compared . The concepts and var ious methods of arr iving

at transport costs are first summarized ; one of these methods for deter—

mining water transportation costs put forth by U.N. experts is then

applied after a modification of some factors in order to reflect the

real cost si tuation in Thailand . These computations are based on an

empirical study of both the towboat and commercial barge industries in

which the operating costs of the various components of each system are

determined .

After comparing the operating costs of water transport derived

f rom this s tudy  wi th  those obtained in other studies for  land transport

modes , it is concluded that barge transport is from five to seven times

more economical than truck transport and about twice as economical as

rail transport. This conclusion is based solely on the advantages

deri ved from the suitab ility of the geographic situation and the operat—

ing costs of the waterway transport system itself . It does not derive

from comparisons of development and maintenance costs involved in the

various nx des of transport nor does it include secondary and social bene-

fits, althoug h these secondary and indirect costs and advantages are dis—

cussed and some cost figures are computed . If figures for these costs

and benefits were to be included , the economic advantages of waterway

transport would be even more pronounc~d .
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