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FOREWORD
 

A series of planning and analytical models is being developed and
 

applied to Thailand's agriculture through the Division of Agricultural
 

Economics (DAE) of the Royal Thai Ministry of Agriculture and Coopera­

tives. This work is assisted by a team of research workers from Iowa
 

State University. This research report estimates the effects of improve­

ments in truck transportation specifically on the rice subsector of
 

agriculture and is just one step in developing a transportation sub­

model in the national and interregional programming model of Thailand
 

agriculture. This research invo-ved the development of a kingdom­

wide transportation model and applying it parametrically. Changes in
 

trucking costs and the potential increase in farm revenue because of the
 

changes in transportation models and costs are evaluated.
 

Other research will be forthcoming as specific studies are made
 

of the markets for rice and other commodities. These market studies
 

include the estimation of demand functions so that the impacts of export
 

and other policies can be better evaluated.
 

Somnuk Sriplung Earl 0. Heady

Director, Division of 
 Director, Center for Agricultural
 
Agricultural Economics 
 and Rural Development


Royal Thai Ministry of Iowa State University
 
Agriculture and Cooperatives
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PREFACE
 

The agricultural economy of Thailand has a tremendous development
 

potential for providing food to the people of Thailand, their Asian
 

neighbors, and the rest of the world. 
But, the progressive development
 

of an agricultural economy in any country is 
a slow process requiring
 

many different ingredients to achieve real gains. Thailand is 
no excep­

tion. One of these ingredients is the provision of transportation infra­

structure and service for the distribution of agricultural commodities.
 

In previous years Thailand allocated almost one-half of total public
 

investment for the building of transportation infrastructure. For the
 

future, substantial levels of investment are intended for additional
 

projects. The increase in the world price of oil also has had an effect
 

on fuel prices and thereby transportation costs.
 

This study briefly describes the transportation system in Thailand,
 

the problems associated with it, and the possible benefits that could
 

accrue to the agricultural sector given improvements in the system. A
 

formal model is then used to evaluate the impact of both truck trans­

portation improvements and lack of improvements on the value of rice
 

production, income from rice, and aet cash income from agriculture for the
 

average size farm in the five geographic regions of the kingdom.
 

This study would not have been possible without the devoted effort
 

and contributions of Kuhn Chamnong Vathana, Miss Amporn Ruayruen, and
 

Kuhn Aran Rnogsawang who are agricultural economists in the Division of
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Agricultural Economics, Ministry of Agriculture and Cooperatives, Royal
 

Thai Government. 
Any credit for this study is shared with them.
 

Dennis M. Conley
 

Earl 0. Heady
 



INTRODUCTION
 

In 1974 and 1975, under the Current National Food Grain Policy, the
 

Ministry of Agriculture and Cooperatives, Royal Thai Government, and
 

representatives of Thailand stated to 
the Food and Agricultural Organ­

ization, United Nations, that one of the general policy objectives of
 

the Royal Thai Government is [13]:
 

"improvement and expansion of the infrastructure, in particular
 
... transport."
 

The development of transportation infrastructure in Thailand has
 
broad effects 
on many sectors of the economy including agriculture. In
 

previous years almost one-half of total public investment, including
 

foreign aid, was spent on 
transportation development 
 Currently, there
 

are 18,500 kilometers of roadway, with 13,500 kilometers of feeder roads
 

and highway proposed in the Third Five Year Plan [10] at 
an estimated
 

cost of 13,600 million Baht. 1 
 For the future, projects are proposed
 

which will provide a direct route between the south and central re­

gions of Thailand with the distance between Hat Yai and Bangkok being
 

reduced by 317 kilometers or about 25 percent. 
 This new highway will
 

have a major role in regional development because it will open new
 

territory for expansion of rice farming, rubber and fruit plantations,
 

and forest industries. 
 It also will stimulate development of the
 

industrial economy. Historically, the benefits of roads and highways
 

1Baht is the unit of currency in Thailand with U.S. 
$1.00 equal to
 
20.35 Baht.
 

1
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to the economy are illustrated by the Friendship Highwav which was
 

completed in 1958. 
Before the highway was built, maize exports origi­

nating from the Korat Plateau were only 10,000 tons a year. Within two
 

years after completion of the highway maize exports had increased 20
 

times to 200,000 tons a year valued at 300 million Baht, almost the cost
 

of construction for the highway.
 

The effects on the Thai economy of projects such as these are to
 

increase the transportation efficiency through faster access to destin­

ations, faster turnaround time for shipments, improved road surfaces,
 

and reductions in costs. 
 In addition to infrastructure projects, the
 

transportation industry, itself, is constantly improving-with new tech­

nology and methods which lead to increased efficiency and lower costs.
 

Purpose
 

The purpose of this study is to measure the effects of roadway cost
 

increases and decreases in truck transportation on certain economic com­

ponents of the Thai rice economy. Cost decreases reflect possible futu'e
 

improvements in technology and development of infrastructure. Cost
 

increases reflect the failure to adopt or make improvements, along with
 

short-run phenomena such as dramatic fuel price increases.
 

Specifically, truck costs are increased from 0 to plus 30 percent
 

and decreased from 0 to minus 30 percent while costs for other modes
 

remain unchanged. The effects of these cost changes are shown on the
 

following:
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1. 	Share of rice transported by truck, rail and barge, for the
 

whole kingdom.
 

2. 	Value of rice production in the five geographic regions (North,
 

Northeast, Central, East and South) of the kingdom.
 

3. 	Value of rice production per rai2 used for growing rice in the
 

five regions.
 

4. 	Percentage change in gross income from rice for the average
 

farm in the five regions.
 

5. 	Percentage change in net cash income from agriculture for the
 

average farm in the five regions.
 

Although this report is limited to truck transport, similar analyses
 

could be done for rail and barge transportation.
 

2A rai is a tnit of land area and equals 0.4 acre.
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TRANSPORTATION IN THAILAND'S AGRICULTURE
 

The role of transportation in Thailand's agriculture will become
 
increasingly important as agriculture 
develops from traditional and
 
transitional stages to the commercial stage. 
 Because approximately 75
 
percent of the population is engaged in agriculture or agriculturally
 

related employment, positive changes in the transportation sector can
 
have wide-ranging effects on a large segment of the population and work
 

force.
 

The direct effects of transportation changes on agriculture will
 
be to 
(a) open up new areas for production, (b) develop new markets,
 
(c) provide for area security, and (d) facilitate off-farm sales along
 
with exports. Agriculture in Thailand is spatially dispersed throughout
 

the country with agricultural production diversified among many crops.
 
The assembly of agricultural products from these dispersed interior areas
 
to the few ports of export relies heavily on the transportation system.
 
An indication of the important role this transportation system has for
 
the agriculture economy can 
be shown by comparing the value of agricul­
tural exports to the value of all domestic exports. Table 1 shows rice
 
and rice products accounting for 20.6 percent of all exports. 
Maize,
 
rubber, cassava, sugar and kenaf account for 37.3 percent, and all agri­
cultural, forestry, and fishery exports account for 73.5 percent. 
 Ob­
viously, a large percentage of Thailand's exports rely on a transporta­

tion system to assemble and deliver agricultural products from spatially
 
dispersed areas. 
 To take advantage of these export contributions to
 
Thailand's economy, and to promote them further, it is necessary that
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Table 1. Value of leading exports, 1972
 

Percent of

Exports 
 Valuea all exports
 

Rice and rice products 4,453.4 
 20.6
 

Maize, maize meal and
 
sorghum 
 2,224.1 
 10.3
 

Rubber 
 1,862.3 
 8.6
 

Cassava (pellets, flour and
 
shredded waste) 
 1,546.7 
 7.2
 

Sugar 
 1,355.8 
 6.3
 

Kenaf 
 1,076.5 
 4.9
 

Other agricultural, forestry
 
and fishery exports 3,378.3 15.6
 

Total value of agricultural,

forestry and fishery exports 
 15,897.1 
 73.5
 

Total value of all exports

froff. fhailand 
 21,615.9 
 100.0
 

aValue in million Baht where 20.35 Baht equals U.S. $1.00.
 

SOURCE: Agricultural Statistics of Thailand, Crop Year 1972-73,

Division of Agricultural Economics, Ministry of Agriculture and Co­
operatives, Bangkok, Thailand.
 

efficient, dependable, and low cost transportation be available. Costly,
 

irregular, or unreliable access to local markets 
can prevent
 

or retard the diversification of the rural areas and their integration
 

into the national economy. 
The national policy of improvement and ex­

pansion of the transportation infrastructure is accordingly justified.
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Descriptlon of the Transportation System
 

The transportation system in Thailand has hard surface coads, nat­

ural waterways, and rail services to the four major geographic regions
 

of the country. The component parts of the system are further des­

cribed as follows [13].
 

Road transport
 

The marketing of agricultural commodities in Thailand has been sig­

nificantly improved with the development of a national road transport
 

network. For the main export commodities, an integrated national
 

marketing system seems to be developing. The completion of the road
 

transport network to the four regions of the country has shifted at­

tention to the development of rural feeder roads in the lesser developed
 

areas, particularly the Northeast.
 

An important role is played by the Express Transportation Organiza­

tion (ETO), a state enterprise. It has been granted monopoly powers for
 

hauling products of state-owned and state-sponsored agencies, cooperatives,
 

and service to and from the rail lines. Most of the private trucking
 

companies are small, but still remain highly competitive. In­

creasingly, they are called upon to move paddy from village dealers to
 

millers and to haul rice and other agricultural commodities to consump­

tion centers and ports of exports.
 

Railways
 

The State Railway of Thailand (SRT), also a state enterprise, has four
 

main lines from Bangkok to the four regions of the country. The Northern
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line runs from Bangkok to Chiang Mai, a distance of 751 kilometers.
 

The Southern line iq 900 kilometers to the Malaysian border, and the
 
Eastern line is 225 cilometers to the Cambodian borders. 
 The two North­
eastern lines run via Korat to Nong Khai and to Ubon Ratchatchani for
 
distances of 624 and 575 kilometers, respectively. Two extensions to
 
the system have been built 
- a line to Suphan Buri in the west and a
 

line from Kaeng Khol 
to Bua Yai bypassing Korat.
 

The objectives of SRT are to have growth of freight and passeiger
 
traffic through more efficient use of the existing track network.
 
Another objective is to have a complete dieselization program and retire
 

all locomotive power from operations.
 

Even though SRT h. 
official policies protecting it as a state enter­
prise, increasing competition contines on short and medium hauls from
 

the more flexible and lower cost road transport services.
 

Waterways and ports
 

The traditional transportation system in Thailand was an inland
 
waterway system consisting of about 1,600 kilometers of intersecting
 
rivers and canals. 
It is still the cheapest mode of transport for bulk
 
agricultural commodities such as rice, corn, and timber.
 

For the ports in Thailand, almost 90 percent of the foreign trade
 
passes through Klong Toey harbour, the port aria of Bangkok. 
 In the
 
southern part of Thailand, the port of Songkhla on 
the Gulf coast, and
 
the ports of Phuket and Kantang on the west coast handle a substantial
 
volume of exports. 
The port at Bangkok suffers from recurrent silting
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and from congestion. 
It is hoped that a deep water port 
can be built to
 

overcome these problems and that the southern ports can be further
 

developed to handle much larger ships and cargoes.
 

Transportation Problems
 

There is a national transportation network with services to the
 

four major geographic regions of the country, but problems pre­

vail in the system. Some of the problems faced by the truck, rail, barge,
 

and ocean freighter services are amenable to solution and can have di­

rect positive impacts to the agricultural economy. 
Some of the problems
 

for each of these services are described as follows.
 

Truck
 

From a survey completed in July, 1973, by the Department of Land
 

Transportation, Ministry of Communication, more than 40 percent of the
 

trucks entering and leaving Bangkok each day were empty. 
This excess
 

truck capacity represented an economic waste. 
The survey also revealed
 

that competition between truck companies caused trucks to be overloaded,
 

which subsequently caused excessive road wear. 
The violation of speed
 

and safety laws was widespread and this, combined with overloading,
 

brought frequent inspections and further delays for shipments in transit.
 

The government's role in the trucking industry has causL'4 
users to com­

plain of regulated service and lack of choice in quality and rates.
 

Private trucking companies had to compete with the Express Transportation
 

Organization (ETO) on access to the Port of Bangkok, major rail stations,
 

transit traffic to Cambodia and Laos, and traffic of government-owned
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manufacturers. 
 However, the World Bank has indicated that currently the
 

industry is stable and the business community is satisfied. The unregu­

lated part of the industry has served Thailand's complex transport
 

requirements well [2,3].
 

Rail
 

Some of the problems of the railway system, State Railway of Thai­

land (SRT), are indicated in the following statement by the World
 

Bank 	[2,3].
 

"The most basic problem of transport coordination in Thailand is
to establish a rational level and structure of railway tariffs and road
 
user charges."
 

The structure of railway transport charges which have not been re­

vised for 22 years is ...
 

"Iantiquated, highly complex and unsuited to meet the competitive

challenge of today's highway transport industry."
 

Studies of the Asian Institute of Technology found that both freight
 

and passenger traffic between Saraburi and Korat decreased drastically
 

after the inauguration of the Friendship Highway. 
The 	World Bank ob­

served that the sudden switch of freight to highway transport can be ex­

plained by the relatively higher charges for long distance rail shipments
 

and by the extra costs and inconveniences of pick-up and delivery for
 

rail freight shipments.
 

Barge
 

Th. barge transportation industry is mainly privately operated. 
It
 

also hai unique problems. The competitiveness of barges is reduced because
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of transit times which are slow relative to other modes of transportation.
 

Figure 1 shows barge transit times relative to truck and rail times.
 

Barges require approximately quadruple the time needed by trucks. Rice
 

millers are willing to pay twice as much for truck service which takes
 

one day from origin to destination, as compared to barge service which
 

takes five days. Another barge problem is that of river channels which
 

become too shallow, especially during the dry season. River channel
 

depths have been more difficult to maintain with the installation of
 

more multiple purpnQp dams for power and irrigation. These dams have
 

reduced water flows.
 

Ocean transport
 

The main problem surrounding ocean transport is the need for a com­

mercial deep water port. Without one, export charges cannot be reduced
 

to take advantage of the lower cost bulk and tanker ocean vessels.
 

However, there is a deep water port at Sattahip being used by the Royal
 

Thai Navy. It is expected that two berths from the Sattahip port will
 

become available for commercial use in the near future. Another major
 

problem of ocean transport is the increasing congestion at Klong Toey
 

harbour in Bangkok.
 

Miscellaneous problems
 

Other problems in transportation include underdeveloped road facili­

ties and lack of regularly scheduled service.
 

The Northeastern region of Thailand occupies about one-third of the
 

kingdom but does not share the same proportion of good road communications.
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Most of the road linkages between villages and amphoes are nonsurfaced
 

roads or cart tracks and are not usable year-round.
 

A parallel problem causing an impediment to orderly marketing is
 

the lack of regularly scheduled transport services in remote areas.
 

During the period of November through May when the bulk of agricultural
 

products are marketed, farmers are frequently faced with transportation
 

shortages. 
 These shortages cause transport costs to be sporadically high
 

and force farmers to hold their produce. They then face the posibility
 

of future losses due to lower market prices or from deterioration in
 

storage.
 

Benefits for the Agricultural Economy
 

When transportation improvement programs are proposed, it is usually
 

not too difficult to measure the costs of the programs. 
For example, in
 

the construction of a surface fromhard roadway one province to another 

the costs can be estimated based on similar and past projects. 
How­

ever, the measurement of benefits to a particular sector of the economy
 

is more difficult. 
There are both direct and indirect benefits that
 

can accrue to the general welfare and improvement of the agricultural
 

economy.
 

A number of indirect benefits resulting from transportation improve­

ment programs can be cited. 
One--the construction and improvement of
 

roads in sensitive areas--can provide better protection for the people
 

and help in the prevention of insurgency. Two, the general welfare of
 

agriculturally employed people is improved with the opportunities for
 

better communications with other regions of the country and sectors of
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Three, off-farm employment opportunities are provided in
the economy. 


the construction and maintenance of transportation infrastructure. 
Four,
 

more orderly marketing is provided by an efficient, reliable 
transportation
 

system versus one which is less well developed. Also, there is usually
 

a reduction in losoes and deterioration of agricultural commodities.
 

Five, given the economic incentives for adopting improved 
production
 

methods, the resulting increased production will bring an increase 
in
 

off-farm sales and exports potentials. A well developed national trans­

portation system will not become quickly overloaded, and the trade
 

benefits from increased off-farma sales and exports will be realized.
 

termed indirect and are difficult to measure.
The above benefits are 


the agri-

Certain direct and measurable benefits, however, accrue to 


For example,
cultural economy from transportation improvement programs. 


when a less developed geographic region is opened up with a feeder 
road,
 

the value of production generally increases. A comparative analysis then
 

can be made by measuring the value of production before and 
after the
 

project. The construction of the Friendship Highway to the Korat Plateau
 

the higher
Other direct and measurable benefits are
had these results. 


prices and incomes realized by producers when cheaper and 
better trans­

portation services are made available. Factors leading to cheaper and
 

to destination,
better transportation services include faster access 


faster turnaround times for shipments, more extensive development 
of
 

infrastructure, improvement of road surfaces, adoption of 
improved
 

These factors have a direct
technology, and better handling methods. 


effect on lowering unit transportation costs and can contribute 
to higher
 

prices and incomes for agricultural producers.
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The purpose of this study is to measure the effects of transpor­

tation improvement programs on producers' agricultural income and other
 

components of the rice economy. 
The transportation model used in mea­

suring these effects is summarized in the next section.
 

MODEL DEVELOPMENT
 

The transportation model was developed in a linear programming
 

framework for computer solutions. It required estimation of supply and
 

utilization of rice by changwat for the marketing year 1971-72. 
 Then,
 

a net surplus or deficit by changwat was determined from these supply
 

and utilization data. 
In addition, the model required the estimation
 

of transportation costs by mode from changwat to changwat. 
After these
 

parameters were estimated, an initial solution to the model was obtained
 

and refinements were made in the verification process.
 

Model Description
 

The key assumptions of the model, the mathematical formulation of
 

the model, and the delineation of the geographic regions are explained
 

in this section.
 

Assumptions of the model
 

The transportation model was formulated in a linear programming
 

format with the following assumptions used in its application: (a)
 

The product shipped is homogeneous. That is, the net surplus of a pro­

duct at any region or origin serves equally well to satisfy the net
 

deficit requirements at any destination region. 
A net surplus occurs
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in a region when supply exceeds utilization and vice versa for a deficit.
 

(b) The net surpluses of product available at the various origins and the
 

net deficit requirements at the various destinations are known, and total
 

net surplus is equal to total net deficit. (c) The cost per metric ton
 

of transporting the product is known and is independent of the number of
 

units transported. (d) The objective is to minimize the total cost of
 

transportation. (e) Shipments of product from origins to destinations
 

can occur onlyat non-negative levels. (f) An entire region is repre­

sented by a point in that region. There are no additional costs in col­

lecting surpluses of product at a point of origin or in distributing
 

the product from a point of destination.
 

Mathematical formulation of the model
 

The rice transportation model contains parameters, variables, and
 

equations. The parameters are known constrants, and the variables are
 

to be determined subject to the restrictions of the equations. The
 

transportation model is described as follows. 

Parameters 

Si . known net surplus quantity available in region i. 

Di = known net deficit quantity required in region j. 

Cijt - known cost per metric ton of shipping from region i to 

region j by mode t. 

Variables 

Xijt - quantity shipped from region i to region j by mode t. 

Ui - implied price for the product in region i. 

V - implied price for the product in region J. 
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Equations - Primal
 

The objective function is as follows:
 

Minimize TTC =Z C 3t X (1)
 
l t 

where TIC is total transportation cost. The primal objective func­

tion is subject to the following constraints:
 

X 3 t =S i= i, 2, ... ,I (2) 
]t 1
 

EI X j j
it 

= 1, 2, ... , J-1 (3) 

Z S = D (4)
i i j3 

Equations - Dual
 

The objective function is as follows:
 

Maximize TPV = Z S U - E D V..11i j j (5) 

where TPV is total product value. The dual objective function is
 

subject to the following constraints:
 

U V < Cijt 1 1, 2, 1 (6) 

j = 1, 2, ... , J-1 

t 1 , 2, .. ,T 

In equation set 3 the constraint for the Jth region is excluded
 

from the constraints. Then, the implied prices solved for in equation
 

set 6 are determined relative to a base price of 
zero in region J.
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Region delineation
 

Generally three different methods are used, depending upon the cri­

teria applied, in delineating Thailand by regions, The most aggregate
 

delineation is by geographic regions which are identifLed as the North­

east, North, Central and South. For some purposes, the Central region
 

is further divided into the East and Central regions. A somewhat more
 

detailed delineation of regions is on an agroeconomic basis which divides
 

the country into 19 zones [7]. The most detailed delineation of regions
 

is by provinces which are defined by government administrative boundaries.
 

Of the 71 provinces in Thailand, the large ones are approximately 60
 

miles across at the widest area. The small ones are 5-10 miles across
 

and the average width is about 30 miles. Figure 2 shows the delineation
 

by geographic regions and by province. The rice transportation model is
 

defined on a province basis with the results summarized by regions.
 

Supply and Utilization of Rice
 

The development of the transportation model required the estimation
 

of supply and utilization of rice by province. These estimates were
 

initially made in paddy (unhusked rice) equivalent for both glutinous
 

and non-glutinous types and then converted into rice
3 for use as model
 

input. This conversion is used since, in actual practice, paddy from
 

the field is milled into rice before being stored, transported, or con­

sumed. The milling process of removing the husk and polishing tbc kernel
 

dries the rice and inhibits spoilage.
 

3Approximately 0.66 kilogram of white rice comes from 1.00 kilogram
 
of paddy.
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Figure 2.THAILAND: Provinces and Regions 
01 	 NORTHERN REGION 
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6. Phangnga 
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Source 	Stud~ies gf CojInpgoa Thaolana, E. C. Chapman, 
ed. Australian National University, Canberra, 1973. 
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Supply components include production and beginning stocks with im­

ports being zero. Utilization components include human consumption,
 

feed, seed, industrial use, loss, ending stocks, and exports. 
The sources
 

of data and methods of estimation for each of these components are given
 

as follows.
 

Supply
 

Production Production by province was estimated from the 1971­

annual survey conducted by the Division of Agricultural Economics
 

(DAE), Ministry of Agriculture and Cooperatives.
 

Beginning stocks 
 The beginning stocks were estimated from a
 

survey taken by the National Statistical Office (NSO) on November 1,
 

1971, and from information on rice inventories of exporters in Bangkok
 

[12]. The NSO survey estimated stocks on farms and at rural and urban
 

mills by the four geographic regions: Northeast, North, Central and
 

South. 
These regional stock estimates were further allocated to the
 

province level based on the production share of a province in a region.
 

The fundamental assumption was that stock holdings in a province were
 

directly proportional to production levels. 
The rice inventories of
 

Bangkok exporters were assigned to the Bangkok province.
 

Utilization
 

Human consumption Human consumption of rice was derived from
 

regional per capita consumption estimates made much earlier than 1971­

72, and from the identity that supply must equal utilization at the
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national level [4, 11]. The following set of equations describes how 

human consumption, R, in a province was estimated. 

K - Production + Beginning Stocks - Seed Use - Feed Use 

- Industrial Use - Loss - Ending Stocks - Exports (7) 

K - human consumption at the national level, and all other compon­

ents of equation 7 are at the national level in paddy equiva­

lent. 

4 
F - K/(E Cr . Pr) (8) 

r-i 

F - a proportionality factor to adjust per capita consumption so 

supply and utilization balance at the national level. 

Cr = the earlier existing per capita consumption of rice estimate 

in geographic region r. 

P r the human population in geographic region r.r 

Human consumption of paddy, R, in province p, is defined as
 

follows:
 

Rp - F(B . Cr) (P ) (9) 

B - 1.0/0.66 and converts per capita consumption of rice to per 

capita consumption of paddy.
 

P p M the human population in province p.
 

Seed Use Seed use in a province was derived with a weighted
 

average of rice planted by broadcast and by transplanting. Weighted
 

average seed use per rai, W, was estimated as follows:
 

http:1.0/0.66
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area planted 1 average seed use
 
W doby broadcast x 
 usperraiby+
 

[total area broadcasting
 
'plantedL
 

area planted

by transplantingaverage seed use 
total area per rai by 
 (10)
planted X transplanting 

W was estimated at 9.6 kilograms per rai.
 

Seed use, E, in province, p, is calculated as follows:
 

E = 

p 

(area planted in province p) X (9.6 kg/rai). (11) 

The area planted in province p came from DAE's annual survey of
 

production for 1972-73, the yeare in which the seed was used.
 

Feed and industrial use Feed and industrial uses of paddy were
 

derived from 1971-72 NSO data showing this use at 
the national level [12].
 

The national level usage was allocated to the province level by using
 

a province's production share of national production.
 

Loss 
 Losses were estimated at 3 percent of 1971-72 production
 

at the province level.
 

Ending stocks Ending stocks were derived from an NSO survey
 

taken on November 1, 1972 
[12]. This survey estimated stocks in the four
 

major geographic regions of the country, but it included both old and
 

new crop stock estimates together. 
To break out the old crop component
 

of ending stocks by region, the following procedure was used:
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new crop stocks, ]
 

Estimated national level, production1972-73,
 

new stocks, productional level (12
 
Nov. 1972 national level 
 J 
regional estimated regional estimated
 
old stocks, old and new stocks, - new stocks, (13)
 

Nov. 1972 Nov. 1972 ov. 1972
 

Old stocks by region for November 1, 1972, were estimated from
 

equation 13. These regional ending stock estimates and the inventories
 

held by Bangkok exporters were further allocated to the province level
 

based on the production share of a province in a region.
 

Exports All estimates for exports came from the Department of
 

Customs [9].
 

Net surpluses and deficits
 

The estimated components of supply and utilization of paddy by
 

province and the resultant net surpluses and deficits are in Table 2.
 

These net surpluses and deficits of paddy were converted into rice for
 

the model.
 

Estimation of Transportation Costs
 

The estimation of transportation costs by rail came from the State
 

Railway of Thailand's tariff schedule. Various secondary sources were
 

used in estimating truck and barge costs. These secondary sources in­

cluded the Department of Land Transport in the Ministry of Communi­

cations, Express Transportation Organization, Royal Irrigation Department,
 



Table 2. Components of supply and utilization of paddy by province for Thailand, 1971/72 (metric tons) 

Province Production Beginning Population Seed Use and LossStocks, 
Feed Ending Net SurplusConsumption 
Indust-Nov. 1971 Stocks, or Deficit 
rial Use 
 Nov. 1972
 

1. Nong Kai 
 132,000 
 32,688 4 
 139,495 2 
 6,480 0 
 5,282 3
2. Udon Thani 3,960 0 29,257.
450,000 111,437.6 6 -19,786.7
325,175.6 
 12,230 4
3. 18,007.9
Sakhon Nakhon 13,500.0 
 39,178.2
292,000 72,310.6 153,345.5
184,117.5 
 12,720.0
4. 11,685.1
Nakhon Panom 8,760.0 
 49,603.4
144,000 35,660.1 97,424.6
182,262 4 
 7,699.2
5. L'bol Ratbtani 5,762.5 4,320.0 37,160 5
411,000 101,779 7 -57,544.5360,553 1 25,641.6 16,447 2 12
6 Yasothon ,i30.0 149.146 4 -51,338.6
172,000 
 42,593 9 
 109,623.4 
 7,977 6 
 6,883.0
7. Khon gaen 5,160.0
517,0GC 128,029 5 27,576 1 57,373.8
348,478 9 
 6,912 0 
 20,689 0
8 Kalasin 15,510 0 23,204 3
354,000 87,664.3 230,235.3
184,528 5 
 10,156 8 
 14,166.2
9 Mahasalakram 329,000 10,620 0 42,036.8
81,473.3 180,156.0
194,150.6 
 8,256 0 
 13,165 8
10. Roi-et 9,870.0
365,000 90,388 3 25,390 2 159,640.7
264,969 4 
 17,606.4 
 14,606 4
11. Surin 10,950 0 
 45,904 1
438,000 108,466 0 101,352.0
251,132.5 
 12,883 2 
 17,527 7
12 Burirum 13,140 0
503,000 124,562 5 52,461 9 199,320.7
243,693 7 
 19,660.8 
 20,128 8
13 Si Saket 15,090 0
311,000 88,277 2
77,015 8 240,712 0
248,901.8 
 13,660 8
14. 12,445 4
Nakhonrathaima 9.330 0
647,000 51,957 4
160,222.6 51,720.4
449,216 3 
 9,139 2
15. Chaiyaphum 25,89L 3 19,410 0 27,744.2
287,000 71,072 4 275,821.6
203,818 3 
 3,004.8 
 11,485 0
16. Loie 8,610 0 
 12,274.7
82,000 20,306 4 118,879.6
104,880 1 
 912.0
17. Phetchaboon 211,000 
3,281 4 2,460.0 3,026.6 
 -12,253.7
29,255.2 
 157,403.4 
 4,982.4 
 8,443.7 
 6,330.0 
 23,025.3 
 40,070.4
 



Table 2. (continued) 

Province Production Beginning Population Seed Use Feed and Loss Ending Net Surplus 
Stocks, Consumption Indus- Stocks, or Deficit(-) 
Nov. 1971 trial Use Nov. 1972 

18. Nakhon Sawan 415,000 57,539.6 218,971.8 18,652.8 16,607.2 12,450.0 31,725.7 174,132.1 

19. Uthai Thani 175,000 24,263.7 52,482.0 4,012.8 7,003 1 5,250.0 10,282.4 120,233.4 

20. Lopburi 160,000 19,412.0 136,491.0 6,393.6 6,402.8 4,800 0 12,155.6 13,169.0 

21. Saraburi 176,000 21,353.1 101,398.6 4,876.8 7,043.1 5,280.0 13,160.9 65,593.7 

22. Tak 40,000 5,545.9 59,121.1 1,382.4 1,600.7 1,200 0 4,745.7 -22,504.0 

23. Phitsanulok 257,000 35,633.1 148,457.9 7,334.4 10,284.5 7,710.0 15,027.9 103,818.4 

24 Kampangphet 252,000 34,939.8 105,061.0 5,625 6 10,084 4 7,560.0 7,821.6 150,787.2 

25. Picit 408,000 56,569.2 129,573.8 12,460.8 16,327.1 12,240.0 17,928.1 276,039.4 

26. Nmn 65,000 9,012.3 85,270.5 1,392 0 2,601.1 1,950.0 4,394.1 -21,595.4 

27. Lampang 152,000 21,074.8 157,879.9 3,465.6 6,082.6 4,560.0 9,491.4 -8,404.7 

28 Phrae 99,000 13,726.4 102,029.5 2,841.6 3,961.7 2,970.0 12,743 0 -11,819.4 

29 SuKothai 197,000 27,314.1 119,607.8 4,300.8 7,883.4 5,910.0 6,415.4 80,196.7 

30 Uttaradit 169,000 23,431.9 90,881.1 2,342.4 6,763.0 5,070.0 7,909.5 79,465.9 

31. Chiang Rai 765,000 106,067.2 295,035.1 12,931.2 30,613.3 22,950.0 48,071.9 461,465.7 

32. Chiang Mai 279,000 38,683.4 271,565.4 6,220.8 11,164.9 8,370.0 26,804.3 -6,442.0 

33. Mae Hong Son 20,000 2,773.0 24,618.6 556.8 800.4 600.0 2,724.4 -6,527.2 

34. Lamphun 53,000 7,348.4 80,863.6 1,545.6 2,120.9 1,590.0 5,097.2 -30,868.9 

35. Chai Nat 197,000 23,901.0 71,557.7 7,315.2 7,883.4 5,910.0 27,053.1 101,181.6 

36. Sing Buri 202,000 24,507.6 46,065.5 3,657.6 8,083.5 6,060.0 11,515.8 151,125.2 



Table 2. (continued) 

Province Production Beginning Population Seed Use Feed and LossStocks, Ending NetConsumption Surplus
Indus-Nov. 1971 Stocks, or Deficit(-)trial Use 
 Nov. 1972
 

37. Suphunburi 
 387,000 
 46,952.7 
 158,224.6 
 14,534.4
38. Nonthburi 15,486.8 11,610.0
79,000 54,654 5
9,584.7 179,442.4
72,215 5 
 1,766.4
39. Angthong 3,161.4 2,370.0
157,000 5,026 8
19,048.0 4,044.6
57,769.4 
 4,185.6
40. Ayuthtaya 6,282.7 4,710.0
392,000 13,435.0
47,559.3 89,665.3
140,392.8 
 12,768.0
41 15,686 8
Nakon Pathom 11,760 0
162,000 32,079.8
19,654.6 226,871.9
115,816.1 
 6,220.8
42. Pathum Thani 6,482.8 
 4,860.0
239,000 15,537.2
28,996.6 32,737.7
63,459.8 
 7,132.8
43 Nakon Nayok 204,000 9,564 2 7,170.0 20,563.9
24,750.3 160,105.9
44,416.9 
 7,209.6
44. Bangkok 8,163 6 6,120 0
85,000 16,999.o
370,735.5 145,840.6
904,732 4 
 4,886.4
45. Kanjanaburt 3,401.5 2,550 0
52,000 762,833.4
6,308 9 -1,222,668.2
89,860.8
46. 3,580.8
Rathchaburi 2,080.9 
 1,560.0
135,000 7,403.1
16,378.8 129,667 9 -46,176.7

6,211.2
47. Petchaburi 5,402 4 4,050.0
115,000 13,069.5
13,952.4 -7,022.2
77,828 5 
 4,089.6
48. Prachuab 4,602 0 3,450 0
7,000 12,703 9
849.3 26,278.4
64,363.3 
 480.0
49. Prachinburi 280.1
411,000 210.0 1,096.8
49,864.5 -58,580.9
115,653 0 
 10,972.8
50 Cha Cheng Soa 16,447 2 12,330 0
347,000 15,902 8
42,099.7 289,558 7
100,625.7 
 10,147.2
51. 13,886.0
Samut Sakhon 10,410.0
36,000 35,095 8
4,367 7 218,935.0
55,181 9 
 1,516 8
52 Samut Songkram 1,440 7 1,080 0
- 4,295.6- -23,147.3
45,232 7 
 115 2
53. -Samur Pakran ­133,000 365.6
16,136.2 -45.713.5
90,097.6 
 2,361 6
54. Cholburi 5,322.3 3,990 0
93,000 8,408.4
11,283.2 38,956.3
143,752.9 
 3,561.6
55. 3,721.6
Rayong 2,790.0
51,000 6,187.6 8,042 8 -57,585.7
66,036.0 
 969.6 
 2,040.9 
 1,530.0 
 2,741.9 
 -16,130.8
 



Table 2. (continued)
 

Province 


56. Chunthaburi 


57. Trad 


58. Chumphon 


59. Surath Thani 


60. Nakhonsithamraj 


61. Phattalung 


62. SongKha 


63 Ranong 


64. Phuket 


65. Satul 


66 Phangnga 


67 Trang 


68. Krabi 


69. Pattani 


70. Yala 


71 Narathiwat 


TOTAL 


a 
Equal to exports
 

Production 


41,000 


34,000 


52,000 


84,000 


249,000 


136,000 


128,000 


5,000 


11,000 


18,000 


17,000 


48,000 


34,000 


31,000 


10,000 


35,000 


13,744,000 


Beginning 

Stocks, 

Nov. 1971 


4,974.3 


4,125.0 


18,569.1 


29,996.3 


88,917.6 


48,565.4 


45,708 6 


1,785 5 


3,928.1 


6,427 8 


6,070 7 


17,140.7 


12,141.4 


11,070.1 


3,570.9 


12,498 5 


2,978,223 1 


Population 

Consumption 


59,259.6 


24,234.0 


51,686 1 


97,349.1 


213,279 0 


64,856.7 


131,780 6 


12,075.2 


21,432.9 


23,225.0 


27,418.3 


69,412.8 


31,284 4 


72,871 7 


41,195 7 


68,563 2 


9,794,582.7 


Seed Use 


1,190.4 


614 4 


1,641.6 


3,696.0 


10,742 4 


4,896 0 


5,385.6 


134.4 


115.2 


1,046.4 


547.2 


1,756.8 


979.2 


3,187.2 


748.8 


1,737.6 


428,362.0 


Feed and 

Indus-

trial Use 


1,640.7 


1,360.6 


2,080.9 


3,361 5 


9,964 4 


5,442 4 


5,122 2 


200.1 


440.2 


720 3 


680.3 


1,920 8 


1,360.6 


1,240.5 


400.2 


1,400.6 


550,000 0 


Loss 


1,230.0 


1,020.0 


1,560.0 


2,520.0 


7,470 0 


4,080.0 


3,840.0 


150.0 


330.0 


540 0 


510.0 


1,440 0 


1,020 0 


930.0 


300 0 


1,050.0 


412,320.0 


Ending 

Stocks, 

Nov. 1972 

2,650.5 


1,279 5 


15,633.1 


46,527.2 


80,026.8 


60,671 5 


63,649 2 


2,605 5 


1,488.9 


12,283.2 


8,933 2 


19,355.3 


12,283.2 


23,821.9 


7,444.4 


20,472.0 


2,411,674.7 


Net Surplus
 
or Deficit(-)
 

-19,996.9
 

9,616.5
 

-2,032.6
 

-39,457.5
 

16,435.0
 

44,618.8
 

-36,069.0
 

- 8,379.7
 

- 8,879.1
 

-13,387.1
 

-15,018.3
 

-28,745.0
 

- 786 0
 

-59,981.2
 

-36,518.2
 

-45,724.9
 

3,125,283.7 a 
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various theses done at Thai universities and transportation economy
 

studies done under United States Operations Mission auspices. 
 In
 

addition, primary data 
were collected on barge rates and secondary data
 

collected on province-to-province distances by mode. 
After collecting
 

and reviewing this information,engineering economy estimates were made
 

for province-to-province transportation costs by mode.
 

This report does not contain the tables of province-to-province
 

unit transportation costs that were estimated for the model. 
These
 

cost tables are available from the Division of Agricultural Economics,
 

Ministry of Agriculture and Cooperatives, Bangkok, Thailand, or from
 

the authors.
 

Truck costs
 

The estimation of truck costs using the engineering economy approach
 

required that the various components of fixed and variable costs be
 

identified and appropriate cost figures be estimated for them. 
 In addi­

tion, information was required on the operating factors for trucks in
 

order to estimate unit costs.
 

Table 3 gives the operating factors for ten-, six- and four-wheel
 

trucks. 
 Table 4 shows the total annual fixed and variable costs by
 

size of truck. 
Table 5 gives the costs per kilometer and per metric
 

ton-kilometer.
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Table 3. Operating factors for ten-, six and four-wheel trucks
 

Operating factors 10-wheel 6-wheel 4-wheel 

Vehicle speed (km. per hour) 64 64 64 

Vehicle utilization (km. per year) 70,000 60,000 25,000 

Percentage of total kilometers 
which are laden (carrying a load) 64.2 59.5 46.3 

Full load rated capacity (m. tons) 10.26 5.61 4.41 

Average load, non-empty truck (m. tons)b 8.91 5.09 4.33 

aFor example, on the average aten-wheel truck will travel 55 kilo­
meters empty for every 100 kilometers it travels with a load, 64.2% is
 
100/155.
 

bThe average load in metric tons is for a sample of all freight trans­
ported by truck.
 

Table 4. 	Estimated annual truck costs for ten-, six- and four-wheel
 
trucks
 

a
Cost Components
 10 wheel 6 wheel 
 4 wheel
 

Fixed Costs
 
Depreciation 
 20,161. 16,022. 7,071.

Administration 
 8,025. 8,025. 
 8,025.

Terminal 
 1,600. 1,600. 
 1,600.

Taxes 
 3,980. 3,380. 1,540.

Insurance 
 3,500. 2,700. 
 1,400.

Interest 
 14,000. 12,334. 7,000.
 

Total Fixed Costs 
 51,266. 44,061. 
 26,636.
 

Variable Costs
 
Fuel 
 17,769. 11,880. 
 4,769.

Engine Oil 
 1,500. 1,080. 300.
 
Tries 
 14,900. 6,136. 
 816.

Maintenance and Repair 
 17,920. 11,340. 3,050.

Wages and Salaries 29,058. 
 29,058. 29,053.
 

Total Variable Costs 81,147. 59,494. 
 37,993.
 

aAll costs are in Baht.
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Table 5. Estimated unit truck costs for ten-, six- and four-wheel
 
trucks
 

Cost Componentsa 10-wheel. 6-wheel 4-wheel 

Fixed Costs 
Depreciation 0.446 0.449 0.611 
Administration 0.178 0.225 0.693 
Terminal 0.035 0.045 0.138 
Taxes 0.088 0.095 0.133 
Insurance 0.078 0.076 0.121 
Interest 0.310 0.345 0.605 

Total Fixed Costs 1.135 1.235 2.301 

Variable Costs 
Fuel 0.393 0.333 0.412 

Engine Oil 0.033 0.030 0.026 

Tires 0.330 0.172 0.070 
Maintenance and Repair 0.397 0.318 0.263 
Wages and Salaries 0.643 0.814 2.510 

Total Variable Costs 1.796 1.667 3.281 

Costs per Kilometerb 2.931 2.902 5.582 

Costs per M. Ton-Kilometerc 0.329 0.570 1.290 

aAll costs are in Baht per kilometer.
 

bThis is the cost for a loaded truck.
 

CThis is the cost to ship one metric ton a distance of one k.lmoter.
 

The unit costs in Table 5 were derived from Tables 3 and 4 by 

using the following formula. 

UnLt cost item [Annual cost Vehicle 1 Percentage of total 
per kilometer Litem utilization kilometers which 

are laden (14)
 

The unit costs were calculated such that the costs for the empty truck
 

movements were covered in the charges for the loaded truck movements.
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Table 3 lists the operating factor, percentage of total kilometers
 

which were laden (carrying a load), which shows that 
 4.2 percent of
 

total truck novements carried a load ani the remaining 35.8 percent were
 

empty. So for every 155 kilometers a truck travelleu, 64.2 percent or
 

100 kilometers were with a load and 55 kilometers were empty 
 Since
 

a ten-wheel truck travelled 55 kilometers empty for every 100 kilometers
 

it travelled with a load, the loaded portion of the haul had to cover
 

the costs for both empty and loaded movements. Thus the per kilomater
 

costs for a loaded shipment were adjusted upward by a factor of 1.55.
 

For example, in Table 4, the annual fuel cost for a ten-wheel truck was
 

17,769 Baht and the unadjusted cost per kilometer was 0.254 Baht (17,769
 

Baht/70,000 km.). 
 The cost per kilometer Df 0.254 Baht was then ad­

justed upward by 1.55 and resulted in a fuel cost of 0.393 Baht per
 

kilometer as shown in Table 5. 
Similar adjustments were made for the
 

other cost items, and the same procedure followed for six- and four­

wheel trucks with adjustment factors reflecting 59.5 percent and 46.3
 

percent laden movements, respectively.
 

The cost per metric ton-kilometer was derived by dividing the cost
 

per kilometer by the average load. 
A ten-wheel truck, as shown in Table
 

5, had a cost per metric ton-kilometer of 0.329 Baht (2.931 Baht per
 

kilometer/8.91 metric tons). 
 From this, a formula was derived to
 

calculate the cost per metric ton for transporting a commodity be­

tween two provinces. 
 In addition to the transportation costs, the costs
 

for load-in and load-out were included at 5 Baht per metric ton each,
 

http:kilometer/8.91
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giving a constant term of 10 Baht per metric ton for both. 
 The following
 
formula was used to calculate the transportation cost from province A
 

to province B, in Baht per metric ton.
 

Truck CostAB = 
10 Baht/m. ton + 0.329 Baht/m.ton-km. X DistanceAB 
 (14)
 
For example, the cost of transporting a commodity the road distance of
 
256 kilometers between Korat and Bangkok was 
computed as 94.22 Baht per
 

metric ton.
 

All truck costs in the model were for ten-wheel trucks since these
 
trucks were used for the province-to-province and long distance ship­
ments of commodities. 
The smaller size trucks have been used for ship­
ments within a province and some 
short province to province shipments.
 

Rail costs
 

The cost for rail transportation between two provinces was divided
 
into three component parts. 
The first part was 
the line haul cost which
 
was based on distance and was taken from the published tariffs of the
 
State Railway of Thailand (SRT), 
the only railroad in Thailand and a
 
state enterprise. 
 Second, the cost of pick-up and delivery was col­
lected from the Express Transportation Organization (ETO) of Thailand,
 
the state trucking enterprise, which has rights to handle all truck
 
shipments originating at 
or destined for the rail line. 
 Third, the
 
costs of load-in and load-out were included.
 

Line haul costs were defined as those rail costs for transporting
 

commodities on the rail lin4 between train stations and they were based
 
on 
rail line distances. 
SRT divided the commodities transported into
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nine classes. Class IV contained the tariffs for white rice, but not
 

paddy; all rail costs used in the model were for Class IV commodities.
 

The line haul costs were computed as follows:
 

Distance Line Haul Cost
 

1-36 kms. 10.0 Baht/m.ton4
 

37-100 kms. 10.0 Baht/m.ton + 0.2725 Baht/m. ton X (Distance - 36)
 
101-200 kms. 27.5 Baht/m.ton + 0.200 Baht/m.ton X (Distance - 100)
 
201-400 kms. 47.5 Baht/m.ton + 0.125 Baht/m.ton X (Distance - 200)
 
401-600 kms. 72.5 Baht/m.ton + 0.100 Baht/m.ton X (Distance - 400)
 
601 kms. and over 92.5 Baht/m.ton + 0.090 Baht/m.ton X (Distance - 600)
 

Pick-up and delivery (PUD) were the operations of a truck picking
 

up a commodity, say rice at a mill, and delivering it to the rail line
 

for loading onto a train. Similarly at a destination train station, PUD
 

included picking up a commodity by truck and delivering it to the final
 

destination.
 

The ETO charges for pick-up and delivery depended on whether the
 

service was within the Bangkok-Thonburi metropolitan area or outside of
 

it, and were based on using a six-wheel truck. The PUD charges with­

in Bangkok-Thonburi were estimated at 50 Baht per truck or 12 Baht per
 

metric ton for a haul of over I kilometer. For example, if a shipment
 

originated outside of Bangkok but the final destination was within
 

Bangkok, then the PUD charge was 50 Baht to haul the load to the rail
 

line and 85 Baht to haul it from the rail line to the final destination
 

within Bangkok. Thus, the total PUD charge was 135 Baht per truck or
 

32 Baht per metric ton. While the shipment was on the rail line, the
 

above line haul cost was applied. If the shipment both originated and
 

4Metric ton is denoted by m.ton, and is equivalent to 1,000 kilograms.
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was destined outside of the Bangkok-Thonburi area, then the PUD charge
 

was 50 Baht per truck at each point for a total charge of 100 Baht per
 

truck or 24 Baht per metric ton.
 

The third component in estimating the rail cost of transportation
 

was the labor cost for load-in and load-out. This cost was included at
 

four points during the shipment of a commodity. When a truck was loaded
 

at an origin and unloaded at a rail line, the labor cost was 40 Baht
 

per truck. In addition, the labor cost for loading the rail car was
 

21 Baht per truckload equivalent. Similarly, the cost for unloading the
 

railcar at the destination was 21 Baht per truckload equivalent. The
 

cost for loading the truck at the rail line and unloading it at the
 

Thus the total labor cost for
final destination wa3 40 Baht per truck. 


load-in and load-out was 122 Baht per truck or 29 Baht per metric ton.
 

Trom these three cost components a formula was set up for estima­

ting the rail cost of shipping, in Baht per metric ton, from province A
 

to province B.
 

(15)
Rail CostAB = 29 Baht/m.ton + line haul cost + PUD charge 

where­

24 Baht/m.ton If origin and destination were 

outside of Bangkok-Thonburi.PUD charge = 

32 Baht/m. ton If origin or destination was
 

inside of Bangkok-Thonburi.
 

The above formula was used in calculating all rail costs for the
 

model For example, the cost of transporting a commodity between Korat
 

and Bangkok was 115.85 Baht per metric ton for a rail distance of 258
 

kilometers.
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Barge costs
 

The cost estimation procedure for barge shipments came from two
 
sources. 
One source was an earlier engineering economy study [15] and
 
the other source was a more recent rate function estimated from a sample
 

of barge charges by using linear regression.
 

The engineering economy cost estimates for barge transportation
 

were divided into two component parts. 
 The first part was the tow boat
 
cost and the second was the barge cost. 
 These costs are summarized in
 
Table 6 with each cost shown by region of the kingdom and for the whole
 

kingdom.
 

Since the engineering economy study was for 1966, 
a more recent set
 
of information was collected and used in estimating the barge cost input
 
for the models. 
A sample of barge transportation charges was taken for
 
1971-72 and fitted 
to a linear regression function with distance being
 
the independent variable. 
The two coefficients of the regression func­
tion were highly significant and estimated statistics indicated a good
 
fit of the function with the barge charges. 
 In addition to 
the trans­
portation cost, the costs for load-in and load-out were estimated to
 
be 5 Baht per metric ton each for an additional cost of 10 Baht per
 
metric ton for both. 
The barge cost function from province A to pro­

vince B, in Baht per metric ton was:
 

Barge CostAB 
 18.039 Baht/m.ton + 0.279 Baht/m.ton-km. X DistanceAB(17)
 

When the distance coefficient of 0.279 for the cost function was com­
pared to the earlier engineering economy estimate of 0.298, the difference
 

was less than 10 percent.
 



Table 6. 
Barge costs by region and for the Kingdom of Thailand in 1966
 

Average Cost for Cost by Type

Load Average Load (Baht/m.ton-km.)
Region Total Cost
(m.tons) (Baht/m.ton) Towing 
 Barge (Baht/m.ton-km.)
 

Bangkok-Thonburi

and nearby area 
 9.89 
 18.27 0.078 0.182 
 0.260
 
North 
 16.76 
 10.14 0.102 0.206 
 0.308
 

East 6.45 26.45 0.102 0.206 
 0.308
 

West 
 9.14 
 18.67 
 0.069 0.173 
 0.242
 

Kingdom 
 13.61 
 12.54 
 0.097 0.201 
 0.298
 

SOURCE: 
Wilbur Smith/Lyon Associates, p. 281 [15].
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All barge costs used in the model were calculated using the above
 

barge cost function. For example, the cost of transporting a commodity
 

between Nakon Sawan and Bangkok was 100.34 Baht per metric ton for a
 

waterway distance of 295 kilometers.
 

Initial Solution and Verification
 

\fter the parameters of the linear programming model were estimated,
 

the model was solved. The model had 71 rows, 1,843 variables, and re­

quired five hours to solve on the Division of Agricultural Economics
 

IBM 1130 computer. For model verification, the output of the solution
 

was compared to real world counterparts and appropriate revisions were
 

made with rhe verification process being repeated to obtain real world
 

consistency. The solution output was compared to the real world in
 

three areas. First, the direction and quantity of rice movements
 

within Thailand were compared to estimates of similar movements in the
 

real world. Second, the total quantitites of rice shipped by mode were
 

compared to real world estimates. And third, the implied prices from
 

the solution were compared statistically to real world prices. Upon
 

completion of the verification, parametric programming was done using
 

all the truck cost coefficients in the objective function. The dual
 

shadow prices in the solution were used in calculating the results. The
 

parametric programming procedure assumed that rail and barge costs did
 

not change.
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RESULTS
 

In the calculation of results it was assumed that truck trans­

portation cost 
increases or decreases between geographically separated
 

markets were fully passed down the marketing channel to the price re­

ceived by the rice producer. 
 For example, if marketing intermediaries
 

had to pay higher transportation costs for delivery to buyers in other
 

provinces, then this cost increase was fully passed along as 
lower
 

prices to the rice producer. For cost decreases, the producer received
 

the full benefit from the decreases because of competition between
 

intermediaries.
 

Recall that the purpose of this study is 
to measure the potential
 

effects of truck cost changes on: 
 1) share of rice transported by mode
 

for the kingdom, 2) value of rice production by region, 3) value of rice
 

production per rai, 4) percentage change in gross income from rice for
 

the average farm, and 5) percentage change in net cash income from agri­

culture for the average farm.
 

Share of Rice Transported
 

by Trick, Rail, and Barge
 

Figure 3 shows the results from the model on the share of rice
 

transported by mode for the kingdom. 
At the zero percentage point on the
 

graph, representing estimated truck transportation costs for 1971-72,
 

the quantity of rice shipped by truck is 2.5 million tons compared 
to
 

real world estimates of 2.45 million tons. 
 About 0.4 million tons are
 

shipped by rail while real world estimates are 0.37 million tons. Barge
 

shipments are 0.46 million tons compared to 0.59 million tons for the
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real world. The share of rice transported by truck, rail, and barge
 

was one comparison done for model verification. These statistics indi­

cated a good fit of the model with the real world.
 

The reduction of truck transportation costs from 0 to minus 30
 

percent for the kingdom increased truck shipments to 3.24 million tons,
 

a 30 percent increase. Rail shipments decreased to 0.14 tons, a 65
 

percent decrease, and rice shipments by barge went to zero. 
 The results
 

showed that without a corresponding decrease in rail or barge costs,
 

trucks would have shipped 96 percent of all rice cargo. 
 When truck costs
 

were increased from 0 to plus 30 percent, 
truck shipments fell by 5C
 

percent, barge shipments increased by 160 percent and almost carried the
 

same share as trucks, and rail shipments went up by 133 percent to carry
 

a little less than either of the truck or barge modes.
 

The main implication of these results is that the three modes are
 

sensitive to changes in truck costs. 
 If truck costs are reduced by 30
 

percent, barge and rail shipments drop respectively to zero and very
 

low, and trucks ship almost all of the rice cargo. If truck costs are
 

increased by 30 percent, the three modes have almost epual shares of
 

total rice shipments.
 

Value of Rice Production and
 

Value of Rice Production per Rai
 

Figures 4-8 show the effects of changes in truck transportation
 

costs on the value of rice production (left axis), and on the value of
 

rice production per ral (right axis). 
 Each figure shows the effect for
 

one region of the kingdom when truck costs 
vary from minus 30 percent
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to plus 30 percent for the kingdom. Tables 1 and 2 in the Appendix
 

give the numbers used for the graphs.
 

Northeast
 

At the extreme points in Figure 4, a reduction in truck costs by
 

30 percent results in an increased value of rice production of 155 million
 

Baht (read off the left axis) and an increased value of rice production
 

per rai of 4.6 Baht (read off the right axis). A 30 percent increase
 

in truck costs causes the value of production to drop by 94 million Baht
 

and a drop of 2.8 Baht in value per rai.
 

North
 

In Figure 5 for the North, a 30 percent decrease in truck costs
 

results in an increase in production value of 109 million Baht and an
 

8.7 Baht increase in value per rai. A 30 percent increase in truck
 

costs causes production value to decrease by 69 million Baht and value
 

per rai to decrease by 5.5 Baht.
 

Central and East
 

The value of production for the Central and East increases by 23
 

million Baht and 2.8 million Baht, respectively, with a 30 percent de­

crease in truck costs, (Figures 6 and 7). The value per rai increases
 

2 Baht and 0.9 Baht, respectively. When truck costs increase by 30
 

percent, production value decreases by 4.8 million Baht and 1.3 million
 

Baht, respectively. The decrease in value per rai was less than 0.5
 

Baht.
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For the Central region, decreases in truck costs have a large
 

positive effect on value of production and value per rai as compared to
 

truck cost increases. Increases in truck cost have little effect because
 

rice shipments are transferred to the barge or rail mode as truck costs
 

increase. 
The Central region has a greater availability of barge and
 

rail service than does other regions of the kingdom.
 

South
 

A 30 percent decrease in truck costs results in a 21 million Baht
 

increase in value of production and a 5 Baht increase in value per rai
 

(Figure 8). 
 A 30 percent increase in truck costs causes a reduction of
 

3 million Baht in value of production and 0.7 Baht in value per rai.
 

Again, truck cost decreases have greater effect on value of pro­

duction and value per ral than do cost increases. Comparison of the
 

South with the Central region shows similar magnitudes of changes in
 

value production value as truck costs 
change. However, truck cost 
de­

creases 
affect value per ral in the South about two and one-half times
 

more than in the Central region.
 

Percentage Change in Gross Income from Rice
 
and Net Cash Income from Agriculture
 

The definitions of gross income from rice and net cash income from
 

agriculture apply per agricultural household (average farm) to each
 

geographic region of the kingdom. 
Gross income from rice is the income
 

received through the sale of rice without subtracting production costs.
 

Net cash income from agriculture is the gross income received through
 

the sale of all agricultural products minus production costs. 
 These
 

income figures by region are given in Table 7.
 



Table 7. Average incomes from agriculture per agricultural household by regions, 1970 and 1971
 

Region Gross income from rice Gross income from agriculture Net income from agriculture 
1970 1971 1970 1971 1970 1971 

Northeast 443.61 684.78 
(baht: 20.35 baht 

2,122.02 
= U.S. $Z.00) 
3,193.90 927.45 1,674.92 

North 1,540.54 1,244.98 4,242.81 4,266.91 2,168.19 2,102.82 

Central 2,689.99 3,460.83 8,066.63 10,179.17 1,738.65 5,688.48 

East 2,105.23 1,775.90 6,301.25 7,994.59 723.95 4,899.04 

South 302.19 418.17 3,288.43 3,347.64 1,784.19 1,621.35 

Whole Kingdom 1,111.78 1,002.03 3,876.87 4,368.31 1,486.34 2,268.11 

SOURCES: Agricultural Statistics of Thailand, Crop Year 1972-73, and 1974-75. Division of
 
Agricultural Economics, Ministry of Agriculture and Cooperatives, Bangkok, Thailand.
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The effects of changes in truck transportation costs on gross in­

come from rice ane net cash income on the average farm are shown in
 

Figure 9-14, one for each region, and one for the whole kingdom. The
 

effects of these truck cost changes are shown for two separate years,
 

1970 and 1971. Tables 3-6 in the Appendix include the data used in
 

Figures 9-14. Each figure shows the effects for one region of the king­

dom when truck costs change for the entire kingdom.
 

Northeast
 

Figure 9 shows that if truck costs had decreased by 30 percent gross
 

income from rice on the average farm would have increased by 24.7 percent
 

in 1970 and 16 percent in 1971. Net cash income from agriculture would
 

have increased by 11.8 percent for 1970 and 6.6 percent for 1971.
 

If truck costs had increased by 30 percent, gross income from rice
 

would have declined by 14.9 percent for 1970 and 9.6 percent for 1971.
 

The decline in net cash income from agriculture would have been 7.1
 

percent in 1970 and 3.9 percent in 1971.
 

These results show that large increases in incomes would have been
 

associated with decreases in truck costs. 
Also, while increased truck
 

cost would have reduced incomes, negative effects on incomes of cost
 

increases were not as great as the positive effects of cost decreases.
 

North
 

Figure 10 shows estimated income changes in the Northern region
 

associated with changes in truck costs for the kingdom. 
A 30 percent
 

decrease in costs is associated with an increase 9.2 percent in gross
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income from rice 1970 and 11.4 percent for 1971. The increase in net
 

cash income from agriculture is almost the same for both years at 6.5
 

percent for 1970 and 6.7 percent for 1971.
 

With increases in truck cost of 30 percent, gross income from rice
 

declined by 5.9 percent for 1970 and 7.2 percent for 1971. 
The decline
 

in net cash income from agriculture is almost the same 
for both years at
 

4.2 	percent and 4.3 percent for 1970 and 1971, respectively.
 

The implications for the Northern region are similar to those for
 

the Northeast; both increases and decreases in truck cost changes sig­

nificantly affect incomes. 
However, the magnitude of the effects in
 

the North are lower than in the Northeast.
 

South
 

Figure 11 shows changes in farm income for the Southern region.
 

Gross income from rice increases 13.3 percent for 1970 and 9.6 percent
 

for 1971 with decreases in truck cost by 30 percent. 
 The change in net
 

cash income from agriculture is 2.5 percent or less tor both years be­

cause production levels of rice in southern Thailand are 
low relative to
 

other regions.
 

A potential increase in truck costs by 30 percent have insignificant
 

effects on income.
 

Central and East
 

Figures 12 and 13 show the effects of truck cost changes on the
 

Central and Eastern regions. With a 30 percent cost decrease, gross
 

income from rice increased by less than 2 percent fox both regions and
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both years. 
The increases in net cash income from agriculture were under
 

3 percent in 1970 and under 1 percent in 1971 for both regions.
 

With a 30 percent truck cost increase, gross income from rice de­

clined 0.5 percent or less in both regions and both years. Net cash
 

income from agriculture declined less than 1.3 percent in each region
 

for 1970 and 1971.
 

The changes in the 
two types of incomes for both the Central and
 

Eastern regions were insignificant when truck costs decreased or in­

creased by 30 percent. From this it was apparent that the Central and
 

Eastern regions were not strongly dependent on truck transportation as
 

a means for shipping rice, and the shipments of rice from supply origins
 

to demand destinations were not lengthy.
 

Comparing these two regions to the Northeast, North, and South,
 

shows that the Northeast is strongly dependent on truck transportation,
 

and the North and South a little less so than the Northeast. Thus, the
 

impact on farm incomes of transportation improvements which reduce truck
 

costs is going to be greatest in the Northeast followed by the North and
 

the South while the impact on the Central and Eastern regions will be
 

relatively minimal.
 

Whole kingdom
 

Figure 14 shows the changes in gross income from rice and net cash 

income from agriculture when truck costs are changed for rice shipments 

throughout the kingdom. A 30 percent decline in truck costs showed 

an increase in gross income from rice on the average farm of 8.6 percent
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for 1970 and 9.5 percent for 1971. The increase in net cash income from
 

agriculture was 6.4 percent for 1970 and 4.4 percent for 1971.
 

When truck costs increased 30 percent, the decline in these in­

comes ranged from 2.3 percent to 5.3 percent, and were insignificant.
 

When truck costs decreased 30 percent and in comparing the
 

individual regions to the whole kingdom for 1970, the percentage change
 

in gross income from rice was about three times greater in the Northeast
 

than for the kingdom, the South about one and one-half times greater,
 

and the North about equal. The Central and Eastern regions showed very
 

little percentage increase relative to 
the kingdom. For gross income
 

decreases, the regional comparisons are similar to those for income in­

creases.
 

The regional impacts for 1971 were similar to those for 1970. 
 The
 

percentage change in gross income was one and one-half times greater in
 

the Nurtheast than for the kingdom; it increased a little greater in the
 

North than for the kingdom, and was equal to the kingdom for the South.
 

The Central and Eastern regions showed very little increase.
 

The percentage change in net cash income from agriculture for 1970
 

was about double for the Northeast compared to the whole kingdom, equal
 

for the North, and about half for the Central, East and South.
 

For 1971, the regional impacts on net 
cash income from agriculture
 

were similar to those for 1970. 
 The percentage change in net cash
 

income from agriculture was a little over one and one-half times more in
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the Northeast and the North compared to the kingdom, a little more than
 

half of the kingdom for the South, and very little for the Central and
 

East.
 

These results show that there were dramatic impacts on incomes in
 

the Northeastern, the Northern and the Southern regions of Thailand.
 

There were three main reasons why these regions received the greatest
 

impact on their incomes relative to the other regions.
 

First, the distance the rice was shipped determined the transporta­

tion costs and subsequently the prices offered to producers, and their
 

incomes The Central and Eastern regions were much closer to Bangkok
 

than the Northeast and the North. Bangkok was the major market for
 

rice, both for domestic consumption and for export. Thus, any truck
 

cost savings had greater impact on the longer distance shipments and
 

reduced the total transportation bill by a greater magniuce. This
 

greater magnitude of transportation savings had greater impact on in­

comes.
 

Second, there were considerable differences in the incomes between
 

regions. Referring to Table 7, the net cash income from agriculture for
 

1971 was about 3.3 times larger in the Central region compared to the
 

Northeast. Similar differences existed for the North and the South
 

when compared to the Central and Eastern regions. These lower income
 

levels in the Northeast and the North combined with the greater magnitude
 

of transportation savings possible, based on distances shipped mentioned
 

in the first reason, caused the relative impact on incomes to be greater
 

in the Northeast, the North and the South.
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Third, a large number of the provinces in the Central region had
 

available the three modes of transportation service. When incomes de­

clined caused by the hypothesized truck cost increases, the Central
 

region was able to transfer rice shipments to the rail or barge modes
 

and the effect on incomes was minimal This was not the case for the
 

Northeast and the North Many of the provinces in these two regions
 

were solely dependent on truck service and thus the impact of cost
 

increases on incomes was significant. Implied in these results then was
 

the need for a more dense multi-modal grid of available transportation
 

service in the Northeast and the North.
 

SUMARY
 

The government policy of improvement and expansion of the
 

transportation infrastructure and the increasing of efficiency in the
 

transportation industry have broad effects on many sectors of Thailand's
 

economy. The purpose of this study was to estimate the effects of truck
 

transportation imnrovements, and lack of improvements, on economic com­

ponents of rice agriculture. To fulfill this purpose, a detailed,
 

kingdom-wide transportation model for rice was built and various para­

metric programming solutions from it were summarized. The economic
 

components of rice agriculture studied were: (1) the share
 

of rice tiansported by truck, rail, and barge for the kingdom,
 

(2) the value of rice production in each geographic region (Northeast,
 

North, Central, East, and South) of the kingdom, (3) the value of rice
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production per rai5 used for growing rice in each region, (4) the per­

centage change in gross income from rice for the average farm, by re­

gion, and (5) the percentage change in net cash income from agriculture
 

for the average farm, by region.
 

Summarizing the results, one general observation for all regions
 

is that truck cost decreases have greater positive effects on the economic
 

components of rice agriculture given above than do the negative effects
 

of cost increases.
 

L(oking at Figure 15 for the change in value of production for
 

particular regions, the Northeast and the North have the greatest relative
 

changes when truck costs changed. For cost decreases up to 30 pe-cent,
 

the peicentage increase in the value of rice production is about six
 

times greater in the Northeast and four times greater in the North than
 

in the Central and Southern regions.
 

In Figure 16, the percentage increase in value of rice production
 

per rai of land with truck cost decreases is greatest in the North,
 

followed by the Northeast and the South which are about equal. The
 

value per rai for the South and the Northeast changed two and one-half
 

times the change for the Central region, and for the North the value per
 

rai changed a little over four times that for the Central region.
 

Figure 17 for 1970 and Figure 18 for 1971 compare the relative
 

percentage increases in net cash income from agriculture on the average
 

farm, by region, when truck costs are decreased by 30 percent. For
 

5A rai is a unit of land area and 1 rai equals 0.4 acre.
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both years, the Northeast has the most significant percentage increases
 

in net cash income when compared to the kingdom. In addition, the per­

centage increases in the Northeast and North 
are substantial multiples
 

of those in the Central and Eastern regions. The same regional relation­

ships are 
true for truck cost increases of up to 30 percent. 
 The per­

centage decreases in net cash income 
are 
the greatest in the Northeast
 

and the North relative to the other regions of the kingdom.
 

Figure 17 and 18 compare 
the relative percentage increases in income
 

by region, but Figures 9, 10, 11 and 12, given previously, show 
 the
 

actual percentage changes in net 
cash income from agriculture by region.
 

In the Northeast, the level of net cash income increases by 11.8 percent
 

for 1970 and 6.6 percent for 1971 when truck costs 
are decreased by 30
 
percent. 
 In the North, the income increases by 6.5 percent for 1970 and
 

6.7 percent for 1971. 
The Central, 
Eastern and Southern regionshave no
 

significant income increases for either year.
 

Figures 19 and 20 for 1970 and 1971, respectively, compare the
 
relative percentage increases in gross income from rice on the average
 

farm by region, with truck cost decreases of 30 percent. 
 The percentage
 

increase in income from rice in the Northeast are significantly more
 

than for the kingdom, while the Northern and Southern regions increase
 

approximately the same as for the kingdom. 
In both years, the percentage
 

increases in gross income in the Northeast, North and South 
are significant
 

multiples of those in the Central and Eastern regions.
 

Figures 9, 10, 11 and 12, given previously, show the actual per­

centage change in gross income from rice when truck costs changed.
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Gross income in the Northeast increased by 24.7 percent for 1970 and 16
 

percent for 1971 when truck costs decreased 30 percent. The Northern
 

and Southern regions have increases in gross income levels approximately
 

half in magnitude to those in the Northeast. The Central and Eastern
 

regions have no significant Increases in gross income levels.
 

It should be noted that the truck cost increases and decreases
 

were applied kingdom-wide, and thus the results show the minimum region­

al effects on these economic components of the rice economy. The
 

implication is that if only one region, say the Northeast, had its truck
 

costs decreased with the other regions remaining unchanged, then the
 

effects in the Northeast relative to the other regions are even
 

greater than those shown.
 

CONCLUSIONS
 

There are a number of conclusions to be drawn from analyzing the
 

results. First, roadway improvement and expansion programs, such as the
 

proposed Hat Yai to Bangkok highway which reduces the distance by 25
 

percent, can have significant positive benefits for the rice economy of
 

Thailand. In addition, these programs implement the Royal Thai Govern­

ment's objective of improving the agricultural economies in the North­

eastern, Northern and Southern regions of Thailand.
 

Second, the allocation of budget for improvement and expansion of
 

roadways, resulting in lower unit truck costs, allows the trucking
 

industry to capture a significantly larger share of the market for rice
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shipments. Given current production, consumption, and export levels
 

for rice, the possible increase of rice shipments by truck would be at the
 

expense of the rail and barge industries. This implies that correspond­

ing adjustments need to be sufficiently anticipated in the barge and rail
 

industries for them to remain economically viable.
 

Third, the Northeast benefits significantly more from transpor­

tation improvements than do the other regions in terms of the percentage
 

increases in value of rice production, gross income from rice and net
 

cash income from agriculture. And vice versa, the percentage decreases
 

in these incomes are reduced more than in other regions when costs
 

increase. When truck costs decrease, the percentage increases in gross
 

income -rom rice and net cash income from agriculture are from 1 1/2 to
 

3 Limes greater in the Northeast than for the kingdom. When compared
 

to the Central region, gross income from rice in the Northeast has a
 

percentage increase of 10 to 13 times greater than for the Central
 

region, and net cash income from agriculture percentage increases 4 to
 

7 times greater than for the Central region. In addition, the level
 

of gross income from rice and net cash income from agriculture signifi­

cantly increase in the Northeast relative to the Central region.
 

Fourth, these same economic components of rice agriculture in the
 

Northern and Southern regions of Thailand are affected in a similar
 

manner as for the Northeast. However, the magnitude of changes are not
 

as great in the North and South but they are significant relative to
 

the kingdom and the Central and Eastern regions.
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Fifth, these economic components of rice agriculture are signifi­

cantly affected in the Northeast, the North, and the South relative to
 

the kingdom and the Central and Eastern regions because of three 
factors:
 

(1) The distance the rice is shipped from the Northeast, the North
 

and South to Bangkok, the major market, is greater than from 
the Central
 

and Eastern regions, (2) There are considerable income differences be­

tween regions with net cash income in the Northeast being about 
one­

third of that in the Central region,and (3) The availability of tianspor­

tation services is greater in the Central region compared to the 
North­

east which is highly dependent on truck service.
 

Sixth, the higher prices and additional income received by farmers
 

can have
from transportation cost reductions can be significant, and 


This provides fundamental incentives to farmers
 region-specific impact. 


for increased production of agricultural commodities in 
the Northeastern,
 

Northern, and Southern regions of Thailand.
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APPENDIX
 



Taule 1. Change in value of rice production with changes in truck costs. Unit: 1,000 Baht1
 

Region Change in Truck Costs
 
-30% -25% -20% -15% -10% -5% 0% 5% 10% 15% 20% 
 25% 30%
 

Northeast 155,520 127,252 99,913 
 73,866 44,209 21,681 0 -19,582 -35,151 -49,115 -64,151 -146,399 -172,267
 

North 108,768 88,922 68,894 48,734 28,700 12,345 0 -12,910 -25,485 -37,392 -48,020 -58,630 -69,496
 

Central 23,060 19,082 14,173 10,198 6,296 3,039 0 -1,863 -3,166 -3,893 -4,026 -4,485 -4,839
 

East 2,768 1,832 1,641 1,268 705 
 352 0 -296 -634 -1,099 -1,738 -1,606 -1,341
 

South 21,325 18,602 13,069 7,123 1,339 435 0 -850 -1,864 -2,026 -2,308 
 -2,741 -3,055
 

Whole
Kingdom 311,441 255,690 197,690 141,189 81,249 37,852 
0 -35,501 -66,300 -93,525 -120,243 -146,399 -172,267
 

120.35 Baht equals U.S. $1.00.
 



Table 2. Change in value of rice production per rai with 
changes in truck costs. Unit: Baht/Rai 

Region -30% -25% -20% -15% 

Change in Truck Costs 

-10% -5% 0% 5% 10% 15% 20% 25% 30% 

Northeast 4.65 3.81 2.99 2.21 1.32 0.65 0 -0.55 -1.05 -1.47 -1.92 -2.36 -2.80 

North 8.66 7.08 5.49 3.88 2.29 0.98 0 -1.03 -2.03 -2.98 -3.82 -4.67 -5.53 

Central 2.00 1.66 1.23 0.89 0.55 0.26 0 -0.16 -0.28 -0.34 -0.35 -0.39 -0.42 

East 0.88 0.58 0.52 0.40 0.22 0.11 0 -0.09 -0.20 -0.35 -0.55 -0.51 -0.43 

South 5.01 4.37 3.07 1.67 0.31 0.10 0 -0.20 -0.44 -0.48 -0.54 -0.64 -0.72 

Whole 

Kingdom 4.80 3.94 3.05 2.18 1.25 0.57 0 -0.55 -1.02 -1.44 -1.85 -2.26 -2.66 

1One rai is 0.40 an acre. 



Table 3. Percentage changes in gross income from rice on the average farm with changes in truck costs, 1970.
 

Region Changein Truck Costs __ 

-30% -25% -20% -15% -10% -5% 0 5% 10% 15% - 20%' 25% 30% 

Northeast 24.7 20.3 15.9 11.8 7.0 3.5 0 -3.1 -5.6 -7.8 -10.2 -12.6 -14.9 

North 9.2 7.5 5.8 4.1 2.4 1.0 0 -1.1 -2.2 -3.2 -4.1 -5.0 -5.9 

Central 1.9 1.6 1.2 0.8 0.5 0.2 0 -0.2 -0.3 -0.3 -0.3 -0.4 -0.4 

East 0.9 0.6 0.5 0.4 0.2 0.1 0 -0.1 -0.2 -0.4 -0.6 -0.5 -0.5 

South 13.3 11.6 8.1 4.4 0.8 0.3 0 -0.5 -1.2 -1.3 -1.4 -1.7 -1.9 

Whole 
Kingdom 8.6 7.0 5.4 3.4 2.2 1.0 0 -1.0 -1.8 -2.6 -3.3 -4.0 -4.7 



Table 4. Percentage changes in gross income from rice on the average farm with changes in truck costs, 1971. 

Region _ Change in Truck Costs 

-30% -25% -20% -15% -10% -5% 0% 5% 
 10% 15% 20% 25% 30%
 

N. rtheast 16.0 13.1 10.3 7.6 4.5 2.2 0 -2.0 -3.6 -5.1 -6.6 -8.1 -9.6 

North 11.4 9.3 7.2 5.1 3.0 1.3 0 -1.4 -2.7 -3.9 -5.0 -6.1 -7.2 

Central 1.5 1.2 0.9 0.6 0.4 0.2 0 -0.1 -0.2 -0.2 -0.3 -0.3 -0.3 

East 1.1 0.7 0.6 0.5 0.3 0.1 0 -0.i -0.2 -0.4 -0.7 -0.6 -0.5 

South 9.6 8.4 5.9 3.2 0.6 0.2 0 -0.4 -0.8 -0.9 -1.0 -1.2 -1.4 

all
Whole 
-

Kingdom 9.5 7.8 6.0 4.3 2.5 1.1 0 -1.1 -2.0 -2.8 -3.7 -4.5 -5.3 



Table 5. 
 Percentage changes in net cash income from agriculture on the average farm with changes in truck costs,

1970.
 

Region Chang in Truck Costs
 
-30% -25% -20% 
 -15% -10% 
 -5% 0% 5% 
 10% 15% 
 20% 25% 
 30%
 

Northeast 11.8 9.7 7.6 5.6 3.4 1.7 0 -1.5 -2.7 -3.7 -4.9 -6.0 -7.1 
North 6.5 5.3 4.1 2.9 1.7 0.7 0 -0.8 -1.5 -2.2 -2.9 -3.5 -4.2 
Central 2.9 2.4 1.8 1.3 0.8 0.4 0 -0.2 -0.4 -0.5 -0.5 -0.6 -0.6 
East 2.7 1.8 1.6 1.2 
 0.7 0.3 
 0 -0.3 -0.6 -1.1 -1.7 -1.6 
 -1.3
 
South 2.3 
 2.0 1.4 
 0.8 0.1 
 0.0 0 -0.1 -0.2 -0.2 -0.3 -0.3 -0.3
 

Whole
Kingdom 6.4 5.3 4.1 
 2.9 1.7 0.8 
 0 -0.7 -1.4 -1.9 -2.5 
 -3.0 -3.5
 



Percentage changes in net cash income from agriculture on the average farm with changes
Table 6. 

in truck costs, 1971.
 

R Change in Truck Costs
 
Region
 

-30% -25% -20% -15% -10% -5% 0% 5% 10% -15% 20% 25% 30%
 

3.1 1.9 0.9 0 -0.8 -1.5 -2.1 -2.7 -3.3 -3.9Northeast 6.6 5.4 4.2 

4.3 3.0 1.8 0.8 0 -0.8 -1.6 -2.3 -3.0 -3.6 -4.3
North 6.7 5.5 

0.1 0 -0.1 -0.1 -0.2 -0.2 -0.2 -0.2
Central 0.9 0.7 0.5 0.4 0.2 

0.0 0 -0.0 -0.1 -0.2 -0.2 -0.2 -0.2

East 0.4 0.3 0.2 0.2 0.1 


0.2 0.0 0 -0.1 -0.2 -0.2 -0.3 -0.3 -0.4
South 2.5 2.2 1.5 0.8 


Whole 
2.7 1.9 1.1 0.5 0 -0.5 -0.9 -1.3 -1.6 -2.0 -2.3Kingdom 4.2 3.4 
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