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THE BANGKOK AREA LAND USE - TRANSPORT ANALYSIS SYSTEM*
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The Bangkok Area Land Use - Transport Analysis System
(BALUTAS) has been developed mainly for assessing impacts caused

by improvement of transport facilities.
namely the Residential Location Model (RLM),
the Business Location Model (BLM) and the
and HSM are formulated by

the former is based upon the
theory while the latter is based upon the firm theory.
a spatial interaction model taking into account of

models;
Supply Model (HSM),
Transport Model. The RLM
discrete choice analysis,

It consists of four main
the Housing

using the

consumer
The BLM is
neighborhood

service and wide-area service. Being modified with considering the

useful outputs of the above-mentioned three models,
is mostly based on a conventional four-step model which is

model

the transport

widely applied in Thailand. The BALUTAS is implemented on NEC 9801

personal

computer with two disk drives.
of the BALUTAS reveal good fitness.

The predictability tests
In this paper, an application

of the system for forecasting impacts of the Cable-Stayed Bridge
Project in Bangkok is also presented.

1 Introduction

In general, the future land use has
been given as an exogenous (policy-
option) variable to transport planning.
In other words, land use has been treated
as one-side effect to transport. But, in
reality, both land use and transport have

influence to each other simultaneously.
Indeed, there is a quite tight relation-
ship between changes of land wuse and
transport.

The purpose of this study is to develop
an integrated land use - transport model

for the evaluation of dimpacts of new
transport facilities in Greater Bangkok
Area (GBA).

buring the past two decades, several
land use and transport models have been

developed in various developed countries.
However, to apply these models to the GBA
may face various problems since the
characteristics of the GBA differ from
those of metropolises in developed
countries. Furthermore, those models may
require large amount of data, and in
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order to implement them, large scale
computer facilities are required. The
development of the new system, 'The

Bangkok Area Land Use - Transport Analy-
sis System (BALUTAS)', 1is necessary to
conduct to solve the aforementioned
problems. The lessons from the past
twenty years of experiences in this field
will be seriously taken into account in
this study.

2 System Structure

The system structure is given in Fig.
1. It consists of two parts; land use and
transport. The transport part can be
performed after the equilibrium of demand
and supply of land has been reached in
the land use part. The system performs
recursive predictions which is considered
a quasi-dynamic way.
It 1is obvious that the BALUTAS assumes
the slum areas will be demolished through
slum clearance programs and low-income
housing will be provided.
The business location model was discussed
in Hidano (1984).

2.1 Procedure of Housing Submarket
Equilibrium

This procedure checks the equilibrium
between housing supply and demand in each
zZone. It is necessary to set the
following assumptions.

i) The housing stock of the GBA is
divided into submarkets and each
submarket 1is a group of dwelling with
gimilar attributes such as accessibility,
housing rent or price. PFor this study,
the submarket is supposed to be spatially
disaggregate; that is a zone is
equivalent to a submarket which is
practicable when one considers attributes
of housing in a zone.

ii) Assuming that there are few number
of vacant housing units in the GBA. This
ig reasonable since there is great demand
of housing in the GBA as well as other
metropollises in developing countries.

Submarket equilibrium is obtained if
the following land price reaches a stable
value.

c+l _ [ Y
LP."" = LPJ (AP /8H; ) (1)
where:
LP, = average land price in zone i,

AP} = new households in zone i obtained
* from the RLM;
AHi = new supplied houses in zone i
obtained from the HSM;

¢ = counting number of iteration;
Yy = a parameter to accelerate the
convergence.
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Land price, LP, 1is input to both the
HSM and the RLM; therefore, it affects
the distribution of housing as well as
population. After some iterations between
these two models, the equilibrium 1is
obtained. How fast the equilibrium can be
reached depends upon the value of Y. If
this value 1is too large, the oscillation
will occur, on the other hand if it 1is
too small the time approaching the
equilibrium will be longer.

3 Residential Location Model (RLM)

3.1 Model Formulation

Before the model can be
there is a need to set the
assumptions.

i) Assuming that employment in every
zone is increasing; that is the negative
flow does not exist. This is reasonable
as the GBA is a growing city.

ii) The number of relocators is
considered small; therefore, the new
housing demanders are new households and
new migrants only.

formulated,
following

The RLM is formulated based on a major
component of microeconomic theory, the
theory of consumer: households choose
housing 1location that maximizes their
utilities (surplus for this study).

LS.,

AHieB J1
6Py = JZAEJ_W (2)

Jan,e JF

where: i *
APi = increment of number of households
in zone ij;

AE. = increment of number of employment

d in zone jj;

AH, = increment of numer of houses in

+ zone ij;
szi = locational surplus of workers who

work in zone Jj and reside in zone 1ij;

B = a parameter.

3.2 Derivation of the Model

The RLM can be derived by either using

the discrete choice theory or the entropy
maximization method; however, the former
one 1s explained here.

Defining the locational surplus of a

zone as the maximum of the elemental
alternatives' locational surpluses
(Lerman 1975)}. For this study, a housing
unit is considered an elemental

alternative. Thus, the locational surplus
of workers who work in an employment
zone Jj and live in a residential zone i
can be expressed by

LS! = max(LSjh + §jh)

;1 (3)
JL hEHi
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where:

Lth is locational surplus of workers in
an employment zone j and live in
housing h;

h EHi denotes all housing units of set Hi

It is possible to determine the
expected value of LS., as follows:
Under the assumptlgn that all §. are

IID and Gumbel distributed, wh ch its

cumulative function is

F(LS) = exp{—exp[—B'(LS - nlt (4)

where:

B” = a positive scale parameter;

N = mode of distribution;
and mean is N +0.577/B°

is Euler's constant.

where 0.577

<
Prob(max Lth~LS)

<

= Prob(LS,,=LS) Prob(LS. =LS)

i1 e in
H
= exp( Xexp( BT (LS-n )0}
=t H
. i -
= exp(-exp(-8'LS) Jexp(g n,)) (5)
h=1
H.
- l -
Let exp(B8'n) = Jexp(B ny)
h=1 H
i -
noo=1 1n} exp(8 nh) 6)
g8” h=1
Assuming that all housing units have
equal means, LS..,; then the expected
value is obtained“as follows.
no= % 1n(aH, exp(s LSJ =0.577))  (7)
mean (n+0.577/8°)
= LS., + 1 1nAH, (8)
ji -, i
B8
thus LS: = LS + 1 1ndH, + §.. (9)
’ ji ji E, 1 J1

If all unobserved random components,
§. 4» are IID and Gumbel distributed, the
p%obablllty of choosing zone i is

(BLS; + 8 1noH,)
e
ji (BLSji +
e

(10)

1naH,)
1

™|m | |

i

The square of the scale parameter of a

logit model 1is proportional to the
inverse of the varience of the random
locational surplus, and since the
varience can not decrease with
aggregation; therefore O0<B/B <1 must

hold. However, the B/B is assumed to be
one for this study. Thus the probabilty
of workers in =zone j to choose a

residential zone i is
BLS .

Pry;s < BLS . (11)

3.3 Estimation of Parameter

The maximum likelihood method is
employed for this study. The likelihood
function for the aggregate model is

L = () mn(er )Nji
O PR LA (12)
where;
Nji = observed number of trips between
zone j and zone ij
Prji = probability of workers in zone j
will live in zone i1 and it is
given as:
BLS . .
AH.e 97
Pr.. = _t
Ji BLS . . (13)
7 oaH,e 9%
EA
The function (L) can be rewritten in

order to simplify the maximization by
taking the natural logarithm and dropping
the constant multiplier (N!IIN..!)

to give ji 9t

L = ZZV j10Pr; (14)

However, it is obvious that this
approach requires the spatial interaction
data which is difficult to obtain.
Therefore, the above function is adopted
to (Putman 1978)

AP .
L= (ﬁlE‘)n(Pr) t
(15)
and the simplified log-likelihood
function becomes
* 6
L = ZApilnPri (16)
where: i

APi = chserved number of population flow
in zone 1i;

Pr. = probability of choosing zone i, as
given below.

Pry = Api/gAPi (an
where AP, is the predicted number of
population flow in zone i, given by

BLSjﬁ

6P = 16E; i

] 8LS . . (18)

Substitute (17) in (16)



*

L = ZAPi(lnAP; - 1n(ZAP;)) (19)

i i

The second term of egquation (19) is

total predicted number of population.

Assuming that it is equal to total

observed number of population which is a

constant, thus this term can be neglected
and equation (19) is then rewritten as

* .
LT = gAPi]nAPi (20)
*
The maximization of L can be carried
out by a variety of standard iteration

procedures. For this study, the gradient-
search technique is utilized. The
gradient function is given by

* * -
gt oo e PPy
g 3AP. 38
1
8LS
BL g1
ap, sH,e 9 JLsg e
R R e P 8LS
UL e 9t fon.e It
& 1 y 1
1 1
(21)
The result of parameter reveals good
fitness. The 'R parameter which
associates with the location surplus has

the positive sign as expected.
'8' value = 0.178325 (R=0.9412)

4 Housing Supply Model (HSM)

4.1 Model Formulation

The HSM of the BALUTAS isg formulated
according ¢to the behavior of developers.
It dis based upon a component of the
microeconomic theory, the theory of firm:
housing developers maximize their profits
in choosing the location for new housing.

aPF
4P, e *
AHi = AH . (22)

[ ope *
where: i
AHi = increment of number of houses

allocated to zone ij

AH = number of new houses to be

produced which 1is assumed to be
equal to number of new demanders;

APi = increment of number of households
in zone 1i;
PFi = expected profit in zone 1i.

The profit function, PF, is

PF = SP-DC (23)
where:
SP is selling price per unit area;
DC is development cost per unit area.
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Since it is a difficult task to obtain
such data for formulation the profit
function; therefore, it is adopted as
follows:

PF,_ = LP

¢ t_LP(t—l) (24)

where: LP is land price at time t;
LP is land price at time (t-1).
(t-1)
This is a reasonable approach since 1in
the GBA developers hold a large amount of
land for speculation purpose.

4.2 perivation of the Model

The profit of developers in seeking a
location (zone) is defined as the maximum
of the elemental alternatives' profits
(Lerman 1975). A household represents an
elemental alternative for this study.
This explanation is expressed in
mathematical terms as:

PF; = g§§§PFp + §p> (25)
1
where:
PF = profit of developers in building

new housing for a household p;
ngi denotes all households of set Pi'

If all § s are IID and  Gumbel
distributed, Ehe expected value of PF|
can be calculated in the same manner wit
that of the RLM.

(26)

PR’ = PF. + 1naP, + §
1 pS 1

1 .
=. i
[

Under the assumption that all §is are
IID and Gumbel distributed, probability
to build new housing in zone i is:

(aPFi + g%nAFi)
Pr = 1= [¢
i (aPF. + alnsP.) (27)
e o9t

i
As described for the RLM, the g/qg must
be one, zero or between these two values.

It 1is assumed to be one for this study,
thus probability is then
aPF,
ap.e*
Pr B
Ti aPF (28)
jap.e *
51

1

4.3 Estimation of Parameter

The parameter, q , which associates with
the profit function is estimated by
maximizing the likelihood of observed
choices, Thiz study must work with the
aggregate data, thus the 1likelihood
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function is

At oK,
L = (g Iy (29)
i 1

and the simplified-log function becomes

L= JaH inPr (30)
i
where:
AHi = observed increment of number of
houses in zone 1ij;
Pr. = probability of choosing zone i for

development, given by

aPFi
APie (31)
Pz - aPF
Jap. e
701
i
*
The maximization of L can be achieved
by using the technique described in

subsection 3.3.

The calibrated value of 'g' is
(R=0.9534) which
expected.

0.1674
has positive sign as

5 Transport Model

The located amount of activities which
is the output from land use models is
used as the input to transport model. It
should be noted that the work trip matrix
is obtainable from the RLM. Concerning
with this is explained in subsection 5.3.

5.1 Trip Generation Model

This study employs the model which was
developed for the Bangkok Transportation
Study (BTS) by Kocks 1975. It is a linear
regression model and its formulation is

= A
Gy A a0+alPOPi+a2JOBi+a30 Ry (32)

(for all trip purposes, 24 hours)

where:
Gi, Ai = generated and attracted trips
in zone 1i;
POPi = number of population in zone i;
JOBi = number of job opportunities in
zone 1i;

CARi = number of private cars in zone 1i.

5.2 Trip-End Modal Split Model
This model allocates total
trips to private and public transport
prior to trip distribution stage. The
model was developed for the BTS and was

recalibrated by the JICA (1983).

generated

P =5

<
0 + blMOT (33)

where:

P = percentage of using private modes;
MOT = private-car ownership per 1000
inhabitants.

5.3 Trip Distribution Model

It is a typical gravity model which was
introduced to the BTS and was
recalibrated by the JICA (1983).

K
(G; x Aj) (34)
T.. = C ————r——
1J £9.
where: 1J
Tij = number of trips between zone i and
zone j;
Gi = number of trips generated in zone 1i;
A = number of trips attracted to zone j;
t? = travel time between zones 1 & j;
1]
c = constant;
K, 0 = parameters.

The home-to-work trip matrix is
possible to ©be obtained from the RLM
which is given in Eq. 2. This equation
can be rewritten as follows.

BLS . .

IaT JAE trge 7

Y = J—_-—_

FRES 5 BLs, (35)
I oHje J
i

where AT, is increment of number of

trips from“zone i to zone j.
Thus, the work trip matrix can be
determined by
BLS ..

AT AR _ﬁgii___ii_
ij - J BLS . . (36)
ji

The work trip matrix produced from Eq.
36 ensures that sums of row (i) and
column (j) will equal to zonal population
and employment, respectively. This might
or might not be obtained from the
conventional procedure.

5.4 Trip Assignment Model

The purpose of trip assignment model
for this study 1is to estimate the
proportion of trips 1likely to divert to a
new transport facility, the cable-stayed

bridge, thus the diversion curve 1is
employed. This diversion curve was
developed by the Japan Highway Public
Corporation (Nihon Doro Kodan) and was
calibrated to fit the observed divert-
traffic to the GBA's expressway by the
JICA (1983).
K
Y (37)
1 + 6(7/3)
T = F/(TO—Te) (38)



where:

P = traffic diversion ratio to expressway;
K = upper 1limit of diversion;

F = teoll fare (Baht);

TO = travel time via ordinary road (min.);
Te = travel time via expressway (min.);

S~ = shifting coefficient which was

assumed to increase with the growth
of gross provincial product.

6 Predictability Tests
In order to evaluate the performance of

the BALUTAS, the predictability tests
were conducted.

The output of the RLM 1is population
flow. The observed flow of population
from 1973 to 1978 in each zone was
compared with the predicted one, the
correlation coefficient is 0.9443. This

output is shown in Fig. 2. It is obvious
that with the exception of zone 1 and
zone 26, discrepencies between observed
and predicted population flows are not
gignificant. Zone 1 1s concentration of
workplaces, especially public institutes.
The number of earners per household in
this zone may be higher than in other
zones, however average earner size was
used. This may lead to over~estimation.
Zone 26 is located on the border of the
GBA which is connected to the other city
by a major highway, it is possible that
workers who reside in this zone may
commute to work outside the GBA.

50000 PERSONS
OBSERVED  ESTIMATED
; * R =.9443

Distribution of Population
Flow 1973-1978

Fig. 2

The output of the HSM, flow of housing,
is shown in Fig.3. The R value (0.8664)

reveals lower fitness than the
population's case, probably because the
average household size was applied to

every zone which yilelds over-estimation

in central zones.
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10000 UNITS
g | OBSERVED ESTIMATED
¢ 5 R =.8664

Fig. 3 Distribution of Housing
Flow 1973-1978

7 A Policy Simulation

The cable-stayed bridge (CSB) project
which 1is now under construction crossing
the Chao Phaya river in Bangkok was
chosen as a policy test. The location of
the CSB is shown in Fig. 4. The BALUTAS
will, at first, forecast amount of land
users both in case the CSB will be
realized (case 1) and in case it will not
be realized or do-nothing (case 0). Then
it will forecast traffic volume on the

Fig. 4 Location of A Policy Test Project

Fig. 5 compares distribution of the
housing flows between both cases in year
2005. It is obvious that for case 1 (with
CSB), flow of housing in central area is
lower than that of case 0 (do-nothing).
On the other hand, it is higher in zone 5
and zone 25 which will be linked by the
CSB. The new demanders will be attracted
to locate there owing to the increase in
accessibility. The output of employment
flow is shown in Fig. 6.
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R 10000
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Fig. 5 Comparison of Population Flows
Between Case 0 and Case 1

P 100000
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Fig. 6 Comparison of Employment Flows
Between Case 0 and Case 1
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Fig, 7 Division of GBA into Subregions

The study area (GBA) was divided into
three subregions, shown in Fig. 7, based
on the definition of the International
Study Group on Land Use and Transport
Interaction (Miyamoto 1984). The central
area (CA) should cover the core where
land dis wused primarily by commerce and
industry. The inner surburb (IS) and
outer suburb (0S) should divide the rest
of the town into areas with roughly
similar population.

The changes of housing and employment
relative to their base year states are
shown in Fig. 8. It is obvious that
activities in every subregion are
increasing as the GBA is a growing city.
Housing change in inner suburb is
remarkable. Employment, especially basic
employment, will 1locate mostly on the
outer suburb.

Total Housing
2.0
>
o cT,0S
o
2
a
2
o 1.5
o
i
L]
[+
E=3
8
x
o
4
3 1.0
1980 1990 2600 vear
2.0 Total Employment
S
o /,’os
2 e 1S5
2 7 _acr
— 1.5 o e ’/CA
p . e
3 1’//£<5*/
o -
2 ’/'////.
8 i/{/
2 W
© 1.0
- — T Year
1980 1990 2000
2.0/ Non-Basic Employment
S
-
N
«Q
2
a
a
g
o}
2
b
o
[:4
£
b
Ed
o
& 1.0]
Year

1980 ' 1350 2000

Fig. 8 Changes in Activities
During Simulation Period

,755_~



Fig. 9 1is a bar chart

following equation.

using the

x 100 (39)

P B

A = Activities;

P = Policy test {the CSB project);
B = Base run;

a = Subregions: CT, CA, IS, 0S;

CT = City total (CA+IS+0S).

The impacts caused by the implementa-
tion of the CSB to land use can be seen
clearly in Fig. 9. Shares of housing in
CA and O0S will decrease due to the
allocation of new demanders in IS.

Using the diversion curve which was
given in Eg. 37, the diversion rates were
then calculated with the assumption that
toll fare will be 20 Baht in year 2005,
Applying these rates to 0/D trip matrix,
it was found that number of passenger
cars on the CSB will be 96900 vehs./day
(two-direction flows) in year 2005.

%
0.2.1
0.1
0.0
-0.1

CA
~0.2
Fig. 9

Change in Housing Ratio (Year 2005)
Caused by Implementation of the CSB

8 Concluding Remarks

The development of land use - transport
analysis system for the GBA has 1led to
the following conclusions.

i) The BALUTAS shows better performance
than the CALUTAS/GBA (Samart 1984). The
better performance of the BALUTAS is
probably because the RLM was calibrated
to fit the observed flows of population
while the CALUTAS/GBA's was not. Further-
more, the CALUTAS/GBA does not consider
supply of land or housing explicitly.
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This is not a desirable feature as a big
amount of land in the GBA is held by land
developers.

ii) As the BALUTAS requires not so much
data; moreover, it can be implemented on
a personal computer, the authors believe
that it is possible to develop such a
system for other metropolises in
developing countries.
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