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Abstract 

  The purpose of  this paper  is  to  suggest  a  new measure of  accessibil i ty 

reflect ing population dis t ribution and to examine i ts  avai labi l i ty by 

applying i t  to  actual  data .  

The measure of  accessibil i ty to  child care  facil i t ies  is  well  known as 

that  reflect ing populat ion dist r ibution al though i t  has  the fol lowing two 

s ignif icant problems: one is  that  demand population is  l ikely to be 

overest imated;  the other is  that  facil i t ies di fferent  in  size  are 

equivalent ly t reated. In order  to  solve these problems,  this paper 

developed a  new measure and compared i t  wi th two previous one using 

data  of  child care  faci l i t ies  in  Edogawa-ku in Tokyo.  As a  resul t  of  the 

comparison,  we realized that  the new measure is  sufficiently avai lable .  
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1.  Introduction 

 

  The measure of  accessibi l i ty is  a geographical  concept  that  shows a 

level  accessible  to  adjacent faci l i t ies ,  c i t ies  and so on.  There are  a lot  of  

appl ied forms in the measure of  accessibi l i ty and one of them is  a 

measure reflect ing population dis tr ibut ion.  The measure of  accessibil i ty 

to  child care  faci l i t ies  is  well  known as  that  ref lecting population 

dis tr ibut ion and has  been developed and examined by some geographers 

(e .g.  Harr is  2001,  Kawabata  2010,  2011) .  The accessibil i ty to  child care 

facil i t ies  is  a  measure that  reflects  demand populat ion dist ributing in the 

vicini ty of  such faci l i t ies .  Subsuming demand populat ion into the 

measure of  accessibi l i ty improves avai labil i ty of that  when there  is  a 

l imit  in  the amount  of supply f rom facil i t ies.  

  The accessibil i ty to child care  faci l i t ies ,  however,  has  two s ignif icant 

problems.  One is  that  demand population is  l ikely to be overestimated;  

the other  is  that  faci l i t ies di fferent  in  size  are  equivalent ly treated.  Thus 

this  paper  suggests  a  new measure of  accessibil i ty ref lecting population 

dis tr ibut ion in order  to  solve the above two problems.  

  This  paper  presents  previous and new measures  of  accessibi l i ty in 

Chapter  2,  compares  spat ia l  pat terns  of  their  measures  by applying them 

to actual  data  in  Chapter  3,  and describes  conclusion in Chapter  4.  
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2.  Previous and New Measures 

 

  2-1.  Previous Measures 

  The basic  form of  the measure of  accessibi l i ty is  shown in the 

fol lowing equation: 

 

                                                         (1) 

 

Here Ai  indicates  an accessibi l i ty of  area i ,  Si  indicates  the size ( the 

accommodat ion capaci ty or  the amount  of  supply)  of  faci l i ty j ,  di j  

denotes  distance between area i  and facil i ty j ,  and c  i s  constant .  

  Kawabata  (2010)  suggested a  measure of  accessibi l i ty to  child care 

facil i t ies  by modifying the above basic form (equat ion (1))  in order to 

consider  demand population dist ributing in the neighborhood of  such 

facil i t ies .  The accessibi l i ty is  expressed as  fol lows: 

 

                  ,                                       (2) 

 

Here Ai  indicates  an accessibi l i ty of  area i ,  Si  indicates  the amount  of  

supply f rom facil i ty j ,  Dj  i s  the amount  of  demand adjacent  to  faci l i ty j ,  

Pk  i s  the amount  of demand in area k ,  and    i s  a  binary var iable 

showing 1 i f         and showing zero if        .  Here dL denotes  the 

l imit  of distance to accessible  child care  faci l i t ies and dj k  denotes  

dis tance between area j  and facil i ty k .  
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  As ment ioned above,  there  are  two signif icant  problems in the 

accessibi l i ty of  child care  faci l i t ies  (equat ion (2)) .  These two problems 

are  wri t ten in:  

1)  when calculating Dj  ( the amount  of demand adjacent  to  facil i ty j) ,  

there  is  a possibi l i ty that  Pk  ( the amount  of  demand in area k)  is  

double-counted in plural  faci l i t ies including faci l i ty j ,  and as  a  resul t ,  Dj  

has  a  r isk of  overest imat ion.  

2)  when calculat ing Ai  (accessibi l i ty of  area i ) ,  that  facil i t ies  di fferent  in  

accommodat ion capacity are  equivalent ly t reated even i f  the capacity is  1  

or  over  10,000. 

  In  order  to  solve these two problems,  this  paper  suggests a  new 

measure of  accessibil i ty.  Equat ion (3)  shows the measure. 

 

 

                                                         (3) 

 

 

The meaning of  every var iable  in  equat ion (3)  is  the same as  that  in 

equation (2) .  

  The new measure solves  problem 1)  by dividing Pk  into adjacent  

facil i t ies  according to the amount  of supply f rom them ( the second term 

of  equat ion (3)) ,  and solves  problem 2)  by calculating weighted averages  

of  supply-demand rat ios  of  adjacent  facil i t ies  when calculating Ai  ( the 

f i rs t  term of  equat ion (3)) .  
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3.  Applicat ion 

 

  This  chapter  appl ies  the above three measures  (equation (1) ,  (2)  and 

(3))  to  actual  data  in  order  to  examine avai labi l i ty of  the new measure. 

 

3-1.  Data and Method 

  This  paper  uses  data  of  accommodat ion capaci ty of  chi ld care 

facil i t ies  in  Edogawa-ku in Tokyo,  Japan on April  1 ,  2011,  and uses 

regis ter-based age-specific  populat ion data (only age 0-5)  by smal l  area 

in Edogawa-ku on Apri l  1 ,  2011.  Edogawa-ku is  located at  the most  

eastern part  of  Tokyo.  The reason why Edogawa-ku is  adopted as  a  s tudy 

area is  that  the area shows the highest  TFR of  23 Tokyo Special  Wards 

and that ,  therefore chi ld care  faci l i t ies  are  supposed to be densely 

dis tr ibuted in the area.  

  We can calculate  demand populat ion f rom regis ter-based population by 

mult iplying each population of  age 0-5 by the fol lowing coeff icient:  

0 .2(age 0) ,  0 .3(age 1),  0 .35(ages 2 and 3)  and 0.3(ages 4 and 5) .  These 

coeffic ients  are  determined with reference to values  obtained empir ically 

by Kawabata (2009) .  Fur thermore we conver t  these data  into grid-cel l  

data  with one s ide about  250m. 

  As regards the l imit  of  distance to accessible  chi ld care  faci l i t ies ,  we 

ut i l ize  a  di rect  dis tance of  700m, which is  about       t imes as  long as  

1,000m. This  is  because a  road dis tance of  1,000m is  general ly 

recognized as  the maximum dis tance that  we can go to child care 

facil i t ies  f ive or  s ix days a  week (Kawabata  2009) , and because 

Edogawa-ku has  a  gr id road network.  

22
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  There are  84 child care  faci l i t ies  in  Edogawa-ku as  of  Apri l  1 ,  2011 

and the total  number  of  accommodat ion capaci ty of  these 84 faci l i t ies  is  

10,077 persons (about 120 persons per  faci l i ty) .  The demand population 

in Edogawa-ku on Apr i l  1 ,  2011 is  11,249 persons (about  16 persons per 

gr id-cel l ) .  

 

3-2.  Distribution of  Demand Populat ion 

  Figure 1 shows distr ibut ion of the demand population in Edogawa-ku 

in 2011.  Symbol  X in this  f igure indicates  locat ions of  child care 

facil i t ies .  According to this  f igure,  eastern and southern par ts  of 

Edogawa-ku show high density of  demand populat ion.  These parts  are 

relat ively newly developed areas  and this  may cause high densi ty of 

demand populat ion. We can scarcely recognize the correlat ion between 

locat ions of  chi ld care facil i t ies  and dist ribut ion of  demand populat ion. 

 

3-3.  Spatial  Patterns of  Three Measures 

  Figure 2,  3  and 4 show spat ia l  pat terns  of  the basic  measure,  a 

previous measure reflect ing population dis tr ibut ion and a  new measure 

reflect ing i t ,  respectively.  Symbol  X in these figures  indicates locat ions 

of  child care  faci l i t ies.  

  The feature  common to three f igures is that  higher  values are  observed 

in areas  agglomerat ing more chi ld care  faci l i t ies .  The basic  measure at  

gr id-cel ls  c lose to the boundary of  Edogawa-ku (Figure 2) ,  however,  

does  not  show a higher  value even i f  more chi ld faci l i t ies  l ie in the 

neighborhood of  such gr id-cel ls .  This  is  because the basic  measure has  a  

tendency of  being underest imated at  peripheral  areas  close to the 
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boundary of  a  s tudy area.  The reason why the basic  measure has  such a  

tendency is  that  peripheral  areas  cannot  include nearby faci l i t ies  in  the 

calculat ion of  accessibi l i ty i f  the facil i t ies  being located in the outs ide 

of  a  study area. On the other hand,  remaining two measures  do not  have a 

tendency of  being underest imated at  per ipheral  areas  because the 

measures  are  derived f rom a supply-demand rat io and because the 

measure is  not  easi ly inf luenced by exclusion of  nearby facil i t ies .  

  Spat ia l  pat terns  of  two measures  reflect ing populat ion dist r ibution are 

s imilar  to  each other a l though the previous one has  a  more uneven 

pat tern than the new one.  Such a di fference may occur  because of  the 

di fference in form between the two measures ,  i .e . ,  the previous one is  

expressed as the sum of  supply-demand rat ios  of facil i t ies ;  the new one 

is  expressed as a  weighted average of  supply-demand rat ios of faci l i t ies .  

As ment ioned above,  however,  the previous one has  ir rat ional  proper ties 

that  faci l i t ies di fferent  in accommodat ion capaci ty are  equivalently 

t reated.  This  fact  enables  us to  real ize  that  the spat ial  pat terns  of  the new 

one may be more rel iable  than those of  the previous one and that  the new 

one is  suffic iently ava i lable .  
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Figure 1  Distribution of  Demand Populat ion in Edogawa-ku (2011) 
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Figure 2  Spatial  Patterns of  a Previous Measure (Basic  Form) of  

Accessibi l i ty to Child Care Faci l i t ies  in Edogawa-ku (2011) 
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Figure 3  Spatial  Patterns of  a Previous Measure (Modif ied Form) of  

Accessibi l i ty to Child Care Faci l i t ies  in Edogawa-ku (2011) 
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Figure 4  Spatial  Patterns of  a New Measure of  Accessibil i ty to Child 

Care Faci l i t ies  in Edogawa-ku (2011) 

 



12 
 

4.  Conclusion 

 This  paper  suggested a new measure of  accessibil i ty reflecting 

populat ion dist ribution (equat ion (3))  and at tempted to examine i ts  

avai labil i ty by comparing with two previous one using data  of  chi ld care 

facil i t ies  in  Edogawa-ku in Tokyo.  The results  of  comparison are 

summarized as  fol lows: 

  Fi rst ,  the basic  one wri t ten in equat ion (1)  has  a  tendency of  being 

underest imated at  per ipheral  areas  close to the boundary of  Edogawa-ku.  

Secondly,  spat ia l  pat terns of two measures ref lecting population 

dis tr ibut ion are  s imilar  to  each other a l though the new one shows a  more 

even pat tern than the previous one (equat ion (2)) .  Thirdly,  i f  considering 

that  the previous one has i rrat ional  propert ies ment ioned in Chapter 2,  

the above two results  enable  us  to  conclude that  the new one is 

suff ic ient ly avai lable .  
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