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Abstract: This paper describes the spatial structure ofurban promotion area in Fukuoka Citv
based on the pr-es-ent conditions and the change stnrcture of land use bv usine mesh datibased on the pres'ent conditions and the change stnrcture of land use Uv uiins rn"in aiid
Firstly, all meshes are classified into l5 patteri's based on the present coiditioni of land useFirstly., all.meihes are.classified.into 15 R.atteri'q based on the.present co,idiiiofi oiland uJ;
then, iransition probabilithen, transition probability models are made out based on the ch-anee of these l5 oatterns. The
feature and structure of Changejn the land-use-of an area depends on whether levelopment

-development

projects are carried out or nof Therefore, all of the meshes aie divided into twJerouD!- a;A
different transition pr.obability models are designed. Finally, a predict-ion methodif ldnd use
is proposed under'the condideration of the-changine sliuct'urJ oi-meiliii. -rtrbJ
proposed approach is a macroscopic forecastine method of land use. it is useful

,f meshes. Thoush our
use, it is useful"in theproposled approach is a macroscopic forecastine fiefioa of iana 

-use. -it i; ,;;-dri-i, ifi
investigation ofurban policies for development projects and in the evaluaiion oftheir effects.

Key Words: Land use.planning, Change structure of land usg Transition probability model of
land use pattem, Development project

I.INTRODUCTION

Urban structure means spatial distribution orgeocraphical Dattern of citv function and it can
be explained from the vi6wpoints of land use alnd lransporta:tion. As the ftnctional ictivities in
the urban area are various according to land use, trip behavior is different. It means that
studying the land use and the activitiEs occurred in'specialized area could make it possible to
underptand trip behavior and to predict the traffic demand for the future. In th'e previous
study" of the-authors, urban spaiial structure has been analvzed from both viewo'oints of
traffrc demand and land use, synthetically, and the results- showed that urban land use
structure can be predicted from ihe relatiohship between land use and transportation. As a
next step, the tran-sition of land use would be predicted. in this paper.
While the land use in city area is changeable,with the'urban ciowth. development oroiects in
urban promotion ar-eas, such as land -readjustment, laying dut of a residdntial aiea, urban
renewal, transportation facilities for urban iirfrastruitur6 ant so on. have an int'luence irn land
use. In fact, they change thc spatial structure of land use in urbah area. On the other hand.
systems for keeping physical environment sound and good are also provided under the Towri
Planning and Zaniig Act. Such development proiectiand developrirent control bv law have
an influence on land use change, and if is important to analyze such a change in urban land
use for the understanding of thil urban spatial structure. Li order to under"stand the urban
spatial structure and to fiake a comprehersive land use plan in urban areas, atl conditions
such as land use changes caused bv development iroiects. contineeni chanees and
preservation eforts shoulil be given coirsideratioir. In this paoer- the chincine stru"cture of
land use in urban promotion lrea are analyzed in consideration of the iraisition of the
utilization pattern of meshes and the stable cdmbination of land use in a mesh. The chansinq
structure oT land use in a mesh is discussed, classifying meshes by whether laree-sialE
projects have been done or not. Then, a new approach for ihe predictioh ofland use in urban
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Dromotion area is DroDosed. which becomes feasible to forecast future land use in
bonsideration of varidus lcenaiios of large-scale projects.

2. CLASSITICATION OF MESH-ZONES BY LAND USE PATTERN

Fukuoka City has 3 terms of mesh data on land use - 1977,1985,1993. In the area of study,
the urban or5motion area of Fukuoka Citv. there are 2553 mesh zones of 250m x 250m. Mesh
data is prdsentedbv 24 or 25 kinds of ldnd use. This classification was made very carefully
based oh the preseht conditions of land use. However, in analyzing the present land use or
forecastins lahd use for the future. thev were subdivided too immoderately to analyze
satisfactorilv. Therefore. the 24 or25 subdivisions were adiusted to 12. All of the mesh data
over 3 tenis were classified statistically based on ratio of land use area by principal
comDonent analvsis and cluster analvsis. 

-The 
mesh zones were classified bv using cluster

analisis. When isine the cluster analvsis- it was impossible to use all data for ihe me-sh zones
beca:use the amount-of data was too lirg6 to analyzi. Random sampling picked up l1Yo of all
data. To reflect the present situation bf land use more accurately, random sampling was
reoeated 5 times (ovei 3 terms). These data taken bv random samplins were classified into 15
paiterns by clustdr analysis urider the check of KS-test at 5% signil-rcance. After comparing
ihe 15 patterns with allthe land use data of Fukuoka City (2553 meshesX3 terms), all the
meshes-of land use data were classified into 15 pattems by using RMS-error (Table l).
Considering Table l, the characteristic of each pattern is expressed as in Table 2.

Table l. Classification of Mesh Zone

notc) Ro. : Rcidore, Co. : Comw, lnd : ln<hrtrhl Tn. : Tn$pq! Agr. : Agriculturc

I : l.Iumbg of nahq io ach prtim

Table 2. Characteristics ofEach Pattern

PATTERNS C}IARACTERISTICS
I Indurtrirl I hc ar@ whse thcrc arc largc ard small lactorrG

Traffio faoilitie patlm TmIlic facilitic like airpotl,ststi6,leminal snd transportatim sre.
TEnrpqtttia & r@d pdtcm Thc arq *,hich is uscd for physiel disrributior and loding and unledilg.

Mixcd urcd pattcm Tlp us of this ars is dissdcrod. Thc land ue slatus is ustable.
Cmoecirl p Thc aro u,hm lhqc arc mmy shops and d?arlrnarl storc.

Vacr[t ulc potlfr The arq rvhich is vaml fd various use.

Public frcilitie panqn Thc ara which is uscd fq public urc

Rcidcntial prttn wi0l publio Rcsidortial 816 ner thc public facilitis.
HieI dcnsitv rcsidcntial uttcrn Thc mmt smcslizcd reidotial ara. Thc mnrc of this am is lhc vaslst

IC Rqidalial prttm wi|ll park Lowdsrsity rcidential arca u,ilh many parks. Thc grviranmot is favorable
ll Par* psttm Thc aru which is used for larne puk zoo, pley grond.

I W.t6fr6t D.ttm Thc arca *4rich is facod to riwr and sa.
I Unuci 1 Thc arq which is unmcd in thc qtskirts of city Htq.
t4 Rqi&trlill paltrn with fmland Thc lraditioral stylc ofagricultural land

t5 F6est Thc gm are which is nol urbanizod in thc outskirts of mtral citv.
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3. TRANSITION OF URBAN SPATIAL STRUCTURE OVER 3 TERMS

3.1 Cross table of Land Use Transition

Tables 3 and 4 reveal the transition of.land use pattern.of me-shes, in every 8 years. From these
two Tables,. it can be said that over the 3 ternis, meshes of miied ,sJd'pitie.n were larselv
translormed lnto meshes ot'commercial pattern. AIso, meshes of vacant use oattern"anfi
residential pattern with park were transforrned into mesh'es of tGn-a.nriiv'i.tiji"[li]iiiit.ii,-
Meshes ot vacant use Dattern were transformed into meshes of high-densify residential'pittern.
between 1977 and tsls. on the ottreitara, uet-*een rs8s ana"i-gif; r'.t:ffi;f i.it'aliiiiji'
bxtent. Afte.r'1985, the m.eJho{ of developing;;sla;fiil a*^;;';ti;il;dil;;'til:#ii;
*i}:_..9i l.^u_??P,nC 

resrdential areas in the outskirts of the city to incre-asing the density in

pattern wi^th pa1! were transformed into meihes oahigh:d*sity rltiadniiuj Darern to a larse
extent. A.fte,r-1985, the m.eJho{ of developing resideniiat areij'*ai-Jirin-sidii";'ti,.;;;ii;

ial pattern to a larse
ged from the earlier

residential meshei.

Table 3. Transition of Each Partern in Land use during First period (i 977-1985)

Table 4. Transition ofEach Pattern in Land Use during Second period (19g5-i993)

3.2 Change of Land Use Distribution in Each Land Use pattern

I,1 it,Y"ry important to.consider that land use change means whether the change of land use
dlstrlbution in each pattern .or just the change of land use pattern accordine as time passes.
rlgure.l shows. land-use dlstnbutron tn each pattem of 1977,1985,1993. These fdur are
something special of all figures of 15 patterirs. Land use distribution oiliiqh-dirrit,
resrdentral,pattern, wterfrpn!..pattern, industrial 

^pa.!leJn, residential pattern ivittr par(
commerctal panern, trattlc tactlltles pattern, publrc taclltties pattern and residential area-with
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oublic are verv stable. but in mixed used pattern and unused patt-ern and forest Pfttern
ilistribution of, land use shows a little change. However, lt can be^sald that lano use

;iiliilii;;r ;id;[ pitt"rn ar" rewiiiute anaitmost same iegardless of time. It means, also,

that the assumDtion that distributirin of land use is not, change .ln each pattern' Unoer mls

l*rfiiii""r,-ii'iriilti"ii'"rl-.:ra-riJ i"n bJ understood by stutrying the ihange of land use

pattem.

Figure 1. Change of Land Use Distribution

4. SEPARATION OF PROJECT TYPE MESH AND NON-PROJECT TYPE MESH

The mesh zones in which proiects were carried out are called project type mesh and those in

i,ni"ii-proiEits'were nor i.iiiiia but are catled non-project rype mih in-this paper. Land use is
sreatlv'chinsed bv the carrying out of development projects. Theretore, lt ts necessary to
ElassifV mesh'zones into profect-type and non-prbject type meshes. Also, mesh zones are to De

ffih;i "fi;iila'; i;-;6;4fr; pidj."t, were iarfied oul in the frst period between 1977 and

1gdi];iiil th;;;;d fi;dTJt'*een 1985 and 1993. Meshes arr! to be classified into the

P;yHJltt*lr:il:J"PJ,tffii "f 
rhe meshes in which projects were, carried out in the first period

t,iin.ii in 15glec'ond period. The second category is that of meshes in which projects.were not
;"i;a oui in iire firsi period but in the secon?. The third and fourth categories would constst

ilriliitiiliu'bfii"ii-i'" *ti"t p-i."tt *ere carried out in both periodiand those in which
;;"'i;;il';;r;-r6li-a-ril:a oi,iiniiiher. Figure2 is a relative freguehcy distribution that shows

ih;';i;ilil;rurtiiri oittt" iinA use in each-mesh of four categories. Changing ratio- of land use

iiiLnii,ittris oioer the sum of absolute value of increase (oidecrease) rate of land use durtng
a oeriod. Fizurti2 shows that the changing ratios of meshes. during the tlrst perlocl where

i'5i,iii''r,i.i%; "#'i;a 
iiiii 

";ii" 
iJli?*iii,ii;ll d'ist'iu,t"a iuovE ttre 0.2 oi 0 3. Apgne

Il,.iJ. iiJitire-ire rutlo oithe land use in ihe frrdt period ofthe third category classified.as
oroietts were c-arried out in both periods showed a different distribution tiom others. ln thts
Fi;ir;;;i;;;e".v'ilthiitlt no p&k-point. This means that in comparison to other categories,

thE third cateEorv includes many meihes in which big changes had occurred. On the other
i,ird.--i[e-iti"rre6 ratios of the"meshes in which prdjects fi'ad not been carried out were
iiiiiiib,iiiaiiltlii' o.l-oio.+. Fiom tti peak-point of th6se, the relative frequency distribution
of changing ratios during the first period of second category meshes seems lrke the shape oI
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the first Deriod offourth catesorv meshes. Also. the second oeriod offirst catesorv meshes is
Iike the Shape ofan exponenliat-curve, and thsshape ofsecond period offouith'category is
different from others. Ttese 8 transitiori patterns can be classified into 5 types from theihapes
and meanings of relative frequency distributions.

Type l: meshes wher-e development projects have been carried out in that period and did not
conttnue to the next penod

Twe 2: the meshes in the Iirst period where development projects are being carried out in
both oeriods.

Type 3: mesh6s in the second period where development projects are being carried out in both
Denods-

Type 4. meshes in the. next period where development projects have been carried out in
prevrous penods.

Type 5: meshes where development projects were not carried out through both periods.
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Figure 2. Relative Frequency Distribution of Land Use Change Ratio in Four Categories

5. TRANSITION PROBABILITY OF LAND USE PATTERN

Transition of each Dattem in 5 tvoes mentioned above can be exolained as below.
(l) Twe 1: This tvpe is the trairiition of 133 meshes where proiect have been carried out in
ihit ri6riod and diif not continue to the next period. and thd raitio of maintenance was low.
Meslies of vacant use pattern, industrial patt'ern, residerrtial pattern with forest, residential
pattern with farmland a:nd trarisportation & road'panern mairily changed to meshes of park
pattern, high-density residential pattern, transporlation & road pattern, industrial pattern and
trcmmercifi patternl There was iro mesh that'classified as pubfic faciiities patterir. It means
that shon+eim projects are hard to be carried out in the meihes classified ai public facilities
pattern.

(2) Twe 2.3: These tvDes are 63 meshes where larse-scale proiect are beins carried out in
Uottr ir'eriods. and the iitio of maintenance was smaf The meshi:s of tyoe 2frave a tendencv
to chinse from meshes ofvacant use Dattern. forest nattern and resideniial pattern with foreit
to mesh-es of residential pattern with lorest, vacant ise panem and comm6rcial pattern. The
meshes of tvpe 3 were iirfluenced bv the proiect that w-ere carried orrt previous-period. and
have a tend6ncy to change into meshes of'hijh-density residential pattern, industiial paitern,
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vacant use pattern and park pattern. There was no mesh classified as residential area wilh
farmland arid traffic facilitie3 in tvoe 3- because no mesh chansed into those oatterns in
previous.period. Also, some patterns'including mere one or two mlshes would be issumed to
have no rmportant meanrngs ln thrs transltron type.

(3) Tvpe 4: This tvpe is the transition of 133 meshes in the next oeriod where larse-scale
priljecf completed iri previous periods. After the project frnished, laid use did not ch"an.qe so
inuLh, some type of tiansitiorl'however, can be ihoivn. In this tirye, meshes of park paftem.
high-density residential pattem, transportation & road pattern, iridustrial pattern- comherciai
pattern and vacant use pattem mainly changed. Excltidine 0.538. the niaintenance ratio of
ineshes of industrial patt'em. and thosd of othEr Dattern are Sver 0.7. After transition of tvoe l-
no mesh changed inito fordst. Therefore. transition probabilitv of forest cannot be defined.
When forecastine the next period. how6ver. transitibn proba6ilhv of all natterns should be
defined. Therefoie, transitioir probibility of 

'forest 
in type 4 was sirbstitute'd, because there is

high conelation between type 3 and typd 4.

(a) Type 5: This type of meshes is the transition of 2357 (in the first period) and 21 90 (in the
second period) wh-ere laree-scale Droiect were not carried out. The'meshds of hieh-dbnsitv
residential , pattern, residential p-attern with farmland, residential pattern wiih foresf,
commercial pattern and public facilities pattern mainly chaneed. Also. the maintenance ratios '

of meshes of hieh-density residential pattern. waterfront pattErn. industrial & road oattern and
traffc facilities-pattern are high but those of mixed usedarea and residential area with forest
are low.

Table 5. Transition Probability Matrix in Each Type of Meshes
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6. LAND USE DISTRIBUTION IN EACH PATTERN

In this chaoter- land use distribution in each Dattem of a mesh is examined accordins to the 5
tvDes of trinsiiion orobabilities. Firstlv. in 63 meshes of tvDe 3. as meshes belonsin-s to each
parttern are of smafl number, the land irse distribution colla U6 regarded as a p6cu]iar case.
These meshes should be managed especially, As conelation coeflrcients betwe'en 6 pattems
includins more than 5 meshes of tvoe 3 and those of tvpe I are over 0.9i- these two tvDes
could be-considered toeether. rega?illess ofthe continuation ofproiects. Table 6-(a) sli<iws
Iand use distribution of ihese'lgdmeshes. Secondly, the distribution'of 63 meshes fidlonging
to type 2 can be shown as in Table 6-(b) While, as previously stated, there was no mesh of
resiit'ential pattern with farmland and trafic facilities pattern-in this type of transition, and
meshes beloneine to each Dattern are of small number as tvoe 3. land uie distribution of this
tvoe would bE nianased iildependentlv because it is different fiom other tvoes Lastlv- land
dS'e distributionof 2157 (in the first feriod) and 2190 (in the second pericid) meshes-where
large-scale proiects were not carried out can be shown as in Table 6-(c). However, transitions
ofiwo periodi are extremely same. Therefore, in this study, the la'nd use disiribution of
second period was adooted.
Table 7'shows the conelation coefficients between these 3 tvpes of land use distribution in a
mesh as to l5 oatterns. Distributions of first erouo (tvpe 3 anil'tvoe l) and third srouo (tvoe 5)
is very similar, also the second group (type 7) is'siriilar to othAi tw6 groups ex"cludin!'iom6
patterns - residential pattern with forest and waterfront pattern. In case of meshes of
iesidential pattern with forest. this pattern of the second er6up mainlv consisted of unused
area, but thht of the others miinly ionsisted of forest. It is-beiause thit the classification of
the iand use surveys in 1985 and 1993 is different, also the definition offorest and unused
area chanqed. The correlation coefficient of meshes of waterfront Dattern between second
eroup andthe others is low. It is because that the number of watei front tvue of mesh in
iecoird.group is one, especially of small number. As a result, it can be assum'e'd the land use
distribuiions' of each'patiern ar6 almost same.

Table 6. Land Use Distribution in Each Pattern
(r) l)"e : 196 mahcr

Iad uc pan.nr

|234567t9l0ut21314t5
Public

Rcr.

Cm
Ind.

Plrt
Tn.
Rord

Vrmcy
ljnucd

AEr.

F(61
Rir

,.013 0.001 0.003 0.01t 0.012 0.031 0.593 0.365 0.037 0.057 0.032 0.063 0.047 0.109 0.070

,.0O2 0.0rU 0.028 0.065 0.082 0.044 0.043 0.304 0.504 0.205 0.053 0.t33 0.219 0.264 0.0m

t.003 0.@7 0.046 0.(N8 0.3 0.v22 0.024 0.016 0.t22 0.053 0.014 0.001 0.@2 0.029 0.000

,.72? 0.018 0.t12 0.353 0.052 0.010 0.q)t 0.005 0.006 0.010 0.002 0.000 0.000 0.021 0.003

,.0t9 0.663 0.307 0.t47 0.094 0.v25 0.004 0.003 0.0t6 0.019 0.028 0.000 0.m0 0.000 0.084

).161 0.1t9 0.421 0.!63 0.t85 0.140 0.t2t 0.t65 0.213 0.210 0.t21 0.107 0.1t5 0.18t 0.029

t.052 0.047 0.043 0.u6 0.098 0.610 0.040 0.049 0.107 0.100 0.045 0.070 0.184 0.054 0.019

,.000 0.003 0.022 0.052 0.023 0.027 0.0EE 0.025 0.030 0.292 0.628 0.07t 0.077 0.043 0.000

,.014 0.002 0.005 0.0t0 0.036 0.014 0.0t9 0.00i1 0,0t7 0.014 0.006 0.00t 0.032 0.227 0.000

).000 0.000 0.000 0.m0 0.002 0.@0 0,@0 0.000 0.000 0.000 0.000 0.t46 0.003 0.000 0.001

,.(m 0.000 0.000 0.015 0.000 0.025 0.006 0.014 0.0t7 0.@9 0.035 0.00t 0.305 0.000 0.786

).009 0.027 0.0t3 0.021 0.031 0.051 0.060 0.033 0.03t 0.031 0.033 0.406 0.016 0.07t 0.009

(b) $?€ 2 : 63 mcshes

t73456789t0u12t314r
0.037 0.001 0.040 1.000 0.29 0.004 0.0t5 0.039 0.000 0.008

0.015 0.003 0.069 0.000 0.130 0.443 0.1t9 0.0t2 0.000 0.094

0.243 0.608 0.002 0.000 0.209 0.011 0.006 0.006 0.000 0.0t3

0.258 0.040 0.045 0.000 0.001 0.000 0.002 0.00t 0.0m 0.010

0.058 0.035 0.000 0.000 0.012 0.000 0.0t3 0.040 0.0m 0.027

556 0.t62 0.231 0.04t 0.000 0.094 0.296 0.085 0.074 0.0@ 0.162

0.091 0.078 0.746 0.000 0.023 0.128 0.084 0.002 0.0@ 0.067

0.000 0.001 0.035 0.000 0.10t 0.021 0.408 0.645 0.000 0.039

0.091 0.000 0.001 0.000 0.000 0.043 0.039 0.004 0.000 0.027

0.031 0.00t 0.009 0.000 0.10t 0.046 0.1t0 0.166 0.000 0.440

0.000 0.000 0.000 0.000 0.006 0.000 0.048 0.000 0.500 0.043

0.002 0.001 0.005 0.000 0.0t8 0.006 0.000 0.004 o.Jm 0.070
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(c)tFe 5 :2190 msh6
lrDd us patlmr

1234561891011t213t41
Public

Rcs.

Com.

hd.

Pdk

Tr.
Roed

Vaqq,
IJnucd

Agr.

Forcst

Riwr

).016 0.00, 0.019 0,040 0.05t 0.0t2 0.704 0.312 0.042 0.057 0.010 0.035 0.04, 0.043 0.0t4

).04J 0.030 0.@1 0.140 0.194 0.088 0.090 0.2t5 0.526 0.239 0.0E4 0.162 0.232 0.266 0.080

).02, 0.028 0.108 0.116 0.268 0.018 0.032 0.054 0.059 0.070 0.031 0.056 0.021 0.048 0.004

).692 0.029 0.0t8 0.240 0.037 0.0t2 0.002 0.010 0.009 0.0t4 0.036 0.033 0.015 0.020 0.011

,.0t6 0.?27 0.331 0.069 0.053 0.057 0.009 0.020 0.011 0.043 0.030 0.023 0.009 0.024 0.002

).078 0.1.12 0.245 0.152 0.231 0.224 0.082 0.159 0.168 0.166 0.079 0.141 0.109 0.133 0.047

).o20 0.022 0.068 0.08t 0.09t 0.s39 0.030 0.057 0.02 0.061 0.046 0.053 0097 0.072 0.041

).004 0.001 0.012 0.038 0.016 0.016 0.009 0.027 O.O21 0.277 0.660 0.0.O 0.039 0.015 0.009

).004 0.006 0.0t6 0.07 0.028 0.0t0 0.006 0.026 0.036 0.020 0_0(x 0.048 0.073 0.3t5 0.036

1.000 0.000 0.000 0.001 0.002 0.000 0.00t 0.00t 0.00t 0.009 0.000 0.002 0.004 0.003 0.001

).024 0.0@ 0.002 0.009 0.002 0.006 0.014 0.015 0.016 0.0t0 0.0t2 .0.009 0.306 0.016 0.716

).085 0.0t0 0.018 0.03t 0.024 0.019 0.021 0.034 0.033 0.035 0.008 0.398 0.051 0.0116 0.039

Table 7. Correlation Coefficient among Land Use Distributions in Land Use Pattern

Land use pattem (a)t(b) (b)'(c) (a)'(c)
I
2

J

4

5

6

7

8

9

t0
ll
12

l3
l4
l5

Industrial pattem

Traffrc facilities pattern

Transportation & road pattcrn

Mi\ed used pattern

Commerrial patlern

Vacant use pattern

Public facilities pattem

Residential pattern with public

High density residential pattern

Residential pancrn with park

Park pattern

Waterfront patlcm

Unused pattern
lxirlenlial natt.m wilh frmllrnr

0.9932 0.9913 0.9820

NO DATA NO DATA 0.9940

0.975t 0.8451 0.9067

0.6780 0.7896 0.8396

0.9724 0.?848 0.8662

0.9805 0.9326 0.9744

0.9738 0.9888 0.9828

0.6n4 0.6958 0.9909

0.9641 0.9286 0.9888

0.8218 0.8304 0.9728

0.9497 0,9493 0.9909

0.4884 0.5089 0.8873

ilffi o.e4zo

NODATA NODATA 0.923I

0.8734 0.8822 0.98t IForest pattern

Note: (a),O) and (c) follow Table 6

7. FORECASTING METIIOD OF THE I,AND USE TRANSITION

7.1 Forecasting system ofland use pattern ofmeshes

From the result mentioned above, it can be said that land use distribution of each land use
pattern did not change. Therefore, it can be assumed that transition of land use is from the
chanse of land use Dattem. AIso. from the mesh data of two periods- 213 of all Droiects
finisfi'ed in a period.'and 1/3 continued to next period. While itis hard'to sav that brc,iects
would not continue to third period (for 24 yeirs), it is assumed that all projects' wbuld
comDlete in 16 vears or 2 oeriods.
Bv ihese assuriDtions. lahd use forecastine svstem can be desisned. Basicallv. transition
piobability modbl of iand use pattern wou-ld be used. Transitioi of land use'is different
according to manv conditions. In this paoer. land use could be forecasted bv usins 5 tvpes of
transition"Drobabilitv matrix for land'uie battern of meshes. Fieure 3 sh"ows tEe ldrid use
Dattern for'ecastine ivstem. All mesh data in 1977 were reeardeif as non-oroiect tvDe mesh.
because there weie io data before 1977.In 196 meshes oT2553, project's slarte('and l3j
meshes of 196 meshes finished in first period (type l), also 63 meiies'left continu6d to next
period (tvne2). The transition of land us-e in rest 2357 meshes accorded with tvoe 5. Land use
bonditiriri'of i985 can be forecasted bv usins transition orobabititv of thes6ihree tvoes of
meshes. Next,63 meshes where projeits coniinued from'previous'period (type 3) dri,a t3f
meshes wher6 project completed (iype a) can be forecasted reipectively.' Also, in the
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non-project type meshes from 1985 (2357 meshes), new projects started in l67meshes and,
some meshes finished before 1993 (wpe 1). the other meshes continued to next period (tvpe
2). The rest 2190 meshes would be nori-projbct type of meshes (type 5). From the 'transilion bf
land use Dattern in these five tvpes of mesh srouDs. land us-e Datterns in 1993 can be
forecasted. Ifthis orocess is reoeaftid. land use pafrerni in everv 8 veirs can be oredicted.
Let the previous feriod be n dnd thenext peri6d n+l,the meshesin every land use pattem at
the next-period ar'e obtained as follows:

l'tr*iil;Ii;f$ifl : #;}l*)r".ern vecror ortype i in the period orn or n+1
Ti : Transition probability matril of land use patterir in type i(Table 5)

fir.t p.riod thi.d p.riod foudh Eriod

nirsEJ

proJgcts. are easier 1o. grry out in the Jneshes of resid.ential pattern. with farmlan'd and

residential pattern with parks, commerciif pdttenl industrial'pattern, ana pubiic facitiiles

2 t9o

nd€) cont : cdinu&c. co@ : oryl.iio +th nmb? of mrh.r th.l qn b. pmdHcd by th. r{io ol il*y eccrht d.Ebph.d prcj.d
cory.l : c@hlion duric I tsrird - - -> th. numhr o, ftthcs th{ qn b. prcdictcd by thc rdio ot @dinu.nc. of iJ.rcbpmcnt projGd
@mp2 : cmpldh duri@ 2 Frbd

Figure 3. Land Use Forecasting System based on the Land Use Pattern

7.2 Concerning the newly occurring development project

In the above-mentioned prediction svstem. how to forecast the newlv occurrine develooment
Droiects is as a remainihs issue. T'his is'fundamentallv a matter 6f municii'al ooliclv. the'civilian and private sectolr, and administration's devel6pment needs. In thii stidv. future
development ilrojects are forecasted by drawing scenarios. On the grounds ofthese sienarios,
the size and content of newly occurring development projects can bb simulated. The following
is proposed as an assumDtioir of scenafro.
l. Thri projects.in the urban promotigrl *,gl would be predicted as to whether present status is

marntarned, rncreased or decreased rn thls scenarro.
2. It could not be said that development proiects in all ofthe urban area can be carried out

easily. According to the patterirs of the-land use of the are4 it is easy to carry out
development pro-'ects in Some areas and not so easy in otliers. Table 8 showi the
distribution raiioin each patterns of the proiect tvpe 195 mesh of the first period and 167
mesh of the second periird. According'to.this"Table,.it 9ap be said thai development
prolefis are easrer to carry out tn tne mesnes oI resloentral Danern wrth tarmlancl and
iesidential pattern with fortist. In contrast, proiects could hardly be carried out in meshes of
residential battern with parks, commerciil pitten industrial 'pattern. and nublic facilities
Dattern.

3. bevelopment proiects can be divided into those that complete in that period and those that
are coritinuedin ihe next period. Table 9 shows the ratio'of continuance of oroiect in each
pattern of mesh. Overall, the ratio of continuance is 35Yo. Excluding laird 'use pattern
Specialized public. facilities pattern th4 hgs or{y gn9 m_e!h it can- be said tliat the
continuance ratio in the foreit pattern is relatively high while it is low in the park and
transportation & road Dattem.

4. Although projects are hewly carried out in every period, it is necessary to consider whether
new proiects can be carried out in the areas in which proiects had been carried out in the
past.-H6wever, as this study involves only short and mid+erm predictions, il will be
assumed that no other projects will be started in areas where projecis had been carried out
before.

Based onthese a-ssumptions of the beginning, conlinuance and termination of new projects, it
was possrble to deslgn a more accurate predlctron system.

urttmm (ompletion) i
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Table 8. Distribution Ratio in Each Pattems of the Project Type Mesh

Pattem tn? 1985

I
2

3

4

5

6

7

8

9

l0
II
t2
l3
t4
l5

Industrial pattem

Traffic facilities pattem

Tr.ansportation & road pattern

Mxed used pattem

Commercial pattern

Vacant use pdttern

Public facilities paltern

Residcntial pattern with public

High dersity residential pattem

Resideirtial pauern with park

Park pattero

' Waterfront pattem

lhused pattern

Resi&ntial pattcra with farmland
Forest pattem

0.015 0.024

0.05 t 0.060

0.056 0.090

0.046 0.018

0.036 0.012

0.245 0.060

0.005 0.030

0.0t5 0.018

0.056 0.060

0.020 0.0t8

0.046 0.078

0.015 0.024

0.219 0.2EI

0.102 0.132

0.071 0.096

rcrclalion oeffrcicnt

Table 9. Ratio of Continuance of Development Project in Each Pattern

Patlern 1971 1985 mainlenance ralio

,,

3

4
5

6

1
8

9

t0
II
12

l3
l4
l5

Industrial pattcrn

Traffi c facilities pattem

Transportation & road psttern

Mxed uscd pattem

Conmccial pattern

Vacsnt u6e pattqn
Rrblic facilities pattcm

Residential pattern wi(h public

High density rcsidenlial pattern

Residential pattem with park

Park pattern

Watcrfmt pattern

lJnused patlern

Residential pattem with farmland

Fuest pattern

3t
102
ll l
93
72

48 t7

lt
3t
ll 3

42
9l
3l

,13 13

m6
t49

0.333

0200

0.091

0.333

0.286

0.354

1.000

0.333

0273

0.500

0.u l
0.333

0.302

0.300

0.643

l% 0.321

7.3 Prediction of land use distribution

If the numbers of mesh in each Dattern are predicted bv applvine models as mentioned in
previous sections, land use distribution of meihes in urb6n ird ca-n be found by multiplying
ihe land use disribution (Table l) for every pattem and mesh vector of land use patiern.
Accordins to whether Drdiects are canied brit or not- a different outDut is oroduced bv
multiolviilc each tvDe witlia different distribution. Tw6s I.3 and + worlld be #ultiplied bv
Tabld6-(aL ffDe Z'bv Table 6-(b) and tvDes bv Talil'e 6-(i). Namelv. Iettins, that fand us'e:

distributiliiof 6ach tyle be S, th,i fand usri itistribution for eiih type is 6btained as follows:

S,=&.1 ' (Pr+Pl+Pq)
Sr=&ui'Pz
5"=4"i'Ps

Where, A(a):(c): type (a) - (c) of land use distribution of each pattern (Table 6).
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Figure 4. Predicted Distribution of Meshes in Each Land Use Pattern and of Land Use

7.4 Transition Probability Model Not Considering Development Project

It is verv difficult to oredict new proiect and the result can be various accordins to the
scenario.'In this oarasrhoh- anotheriraisition probabilitv model was desiened bv uiine land
use of.non-projeit.mEshi:s io test how precisely th^e model works. For thiaccuricy, different
transition oiobibilitv models should be made 6ut for each of the use zones that are the basic
frameworli for land utilization in urban areas. First. 8 transition probabilitv model were
designed according_ to the_present zoning system, and'these 8 models could be 4 groups.byoeslsneo accorolng Io tne Dresenl zonlng svslem. ano Inese 6 mooels coulo De 4 qrouDs Dv
clusier analvsis an"d considirinc the oum-os6 of svstem, Fieure 5 shows the Dresent"conaitioil
and predict6d value of land usEon thesi:4 groups, or resiilential-only zone.'residential zone.
cluster analvsis and consrdenne the oumose ol svstem, .hrsure 5 shows the Dresent condltlon
and predict6d value of land usEon thesi:4 groufs, or resiilential-only zone,'residential zone,
comhrercial zone and industrial zone. In ihe heure 5-(d) of induitrial Lone. a little ead

Taihyun LEE, Takeshi CHISHAKI, Yoshitaka KAJITA and Wataru WAf,ANABE

cominercial zone and industrial pone...In Ihe .figure I-(d). of indu-strial Lone, a little gaq
between the present condition and predicted valuE can be observed. However, it can be iaid
that the resul't on the whole is capa6le of extraordinary precision. Table 9 shoivs the result ofextraordinary precision. Table 9 shoi'vs the result of
z2test at 1% significance

Figure 5. Prediction by Transition Probability Model on Non-project Meshes
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8. APPLYING RESULT OFFORECASTING MODELS

By using the above-mentioned prbdiction models on the 2553 mesh of urban Dromotion area
in Fukuoka City, changes in future land use pattems and land use distributioi of urban area
could be predicted. Proiects conceming the uiban exDress hishwavs. zubwav. urban renewal-
etc. have-been planned but recently l-ack of local jovernm-ent flnince ant'the changes iri
public demandshas had the effectofrestraining the iirplementation ofnew projects. Baied on
this recent tendency, the scenario in this study-has the'I67 new Droiect-tvpi mesh in the vear
I 985 decreased aciording to exponential curv-e to a number less ihan halfih 40 vears.
Figure 4-(a) shows the fdrecasting results of the distribution of mesh numbers in each Dattern
meshes of residential pattern with farmland, residential pattern with forest and forest 'pattern

are decreasing, but the mesh numbers of high-densit| residential pattern are lncreaslnq
Especially meshes of residential Dattem with farmland are decreasinc sb sisnificantlv that 2n
mdshes iir 1993 are predicted tb go down to a mere 39 in 2033i. In atrdition, rireshes of

lr%!-*l:itJrii'1fl:T::iBt5:': 
that-consisted of 1018 mesh in the year 1ee3 witi increase to

Figure 4-(b) shows ihe distribution of land use component ratio. Agricultural area and forest
area- in urban pr-omotion area will decrease into half in the next 40 y6ars while residential area,
roads, and public area will increase. Residential area will incredse from3l .4Yo to 32.6yo.'
Roads will increase from 16.6Yo to l8.2yo. Public area will eo from 7.5o/o to 9.2yo. On the
other hand, vacant area, unused area, and rivers show no signifrcant change.
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Table 9. z'-Test of Transition Probability Model

a
z -test

Residential only zone Residential zone

x2@.01, fd=13)=27.69 x2(0.01,fd=14)=29. 14

85 93 85 9:
.751 21. 951 1r.982 10.472

Cormercral zone Industrial zone

x2$.01, fd=LD=26,22 x2(0.01,fd=14)=29. 14
QC 93 85 oa

16. 589 19. 655 10. 933 26.01C

9. CONCLUSION

A forecasting method of land use proposed in this paper is based on the idea that bv
classifying mlshes into patterns, the 'change of land usi &n be considered as the change cif
land use pattern and, averaqe land use distribution in each Dattern is stable resardless ofiime.
Furthcrmbre, developmentlroject could be handled as a fact that has a stroig effect on land
use change. Results 6re as folldws:
(l) 5 types of transition probability for the land use pattem of meshes were made out

respectively. Considering these 5 types, type 4 and twe 5 are very similar to each other
and the coitinuance ratiS of pattenis'in-thi:'se types is'fiigher. The iontinuance ratio in the
other tvoes is low.

(2)Land Jsle distribution of each pattem mesh was considered. and adiusted to 3 srouos as to' 
the beginning, continuance aird termination of new proi6cts. Laird use distiibudions in
these Isroups exciudinc some Datterns are verv similai arid stable.

(3) Land usE foiecastinc svitem cohsiderine devel-opment proiect was desisned as to Fieure 3.' ' 
According to this sy:sdm, land use chan-ge can b'e predicted in assumption of a sceniiio of
urban plans.
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