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THE APPLICATION OF EXPANDED RANK-SIZE MODEL IN TURKISH
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Taskida/ Taksm/ Y STANBUL
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Department of Urban and Regiond Planning
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The objective of this paper is to andyze the structure of urban system in Turkey from
1980 to 1997 by usng expanded rank-size modd. The former sudies related to rank-
gze modd in Turkey have illustrated important hierarchical regulaities in rank-sze
relaionships. In these dudies changes in city- Sze didributions over time examined
noting differences in dope and intercept a the different points in time. Then, these
results are interpreted to indicate growth (decline) in entire syssem of cities and the
relaive rates of growth (or decline) of large and smal areas. However, according to
the studies by Casetti, Maeki, Stephens and Holly, Strickland and Aiken, such casud
ingpection of coefficients can be mideading: Firs one is the insufficent of criteria
related to identify datidticaly dgnificant changes in coefficient. Second one is the
obscurity of the particular dynamics of city-sysem change by the smple inspection of
coefficients. In order to examine to drictly change in rank —size coefficient over time.
In this paper, the expanded rank-sze modd is goplied al of cties in Turkey and
separately each regiond leve.

|. INTRODUCTION

The rank-sze distribution represents a mode for evaluating a sysem of settlements
that are undergoing changes in populaion (9). Although Auerbach (1) was the firg to
formulate the rank-dze didribution, Zipf (12) popularized the modd and his
goplications have led to many of the problems that persst in empirica rank-9ze
research. The other studies related to rank-sze rule have been continued by Berr and
Garrison (3) and Beckman (2), etc.

The direction of dope and intercept vaue in rank Sze rule indicates growth (or
decling) or within urban sysem. But Maecki (7), Stephens and Holly (10), Strickland
and Aiken's dudies (11) have pointed out that only rank-9ze modd is not sufficient
in explaning daidicdly dgnificant changes in the coefficents and the particular
dynamics of city sysem change. In city system intercept vaue and dope can change



over time for ingance, the dope and intercept vaue can vary because larger cities
have the most rapid growth with congant growth in smdler cities or intercept vaue
can vay while dope remains condant because of an uniform rae of growth (or
decling) in the city sysem. These gStudions are not easly explained by rank-sze
model. So, the expanded rank-sze method was improved by Cassetti (4) in order to
examine drictly the changes in codfficients over time. This modd reformulated the
rank-sze model to include a time parameter s0 as to assess change in rank-sze
relaions.

The main objective of this paper is to examine drictly the changes in coefficient in
rank-size modd of Turkey and its seven regions in between 1980-1997 periods.

II. THE STANDARD LOGARITHMIC RANK SIZE AND EXPANDED RANK-
SIZE MODEL OF CITIESOVER TIME

Since the 1950's, Turkey has undergone rapid urbanization and has developed a more
integrated city sysem. The extent of this integration, the form in which is expressed,
and the way in which it has changed over time provide useful indgghts into the nature
and regularities of urban growth. In the period between 1945-1975 the patterns of
digribution of cities in Turkey are quite regular when the other developing countries
(56). Also, the devdopment of city dSze digtribution between 1980 andl1997
illustrated further adjustment to the rank-size rule (8).

The mogt normdly used formulation of rank-sze modd is expressed as below:

Log R=Log C- qLogri

P = Population of center i;

r, = rank of center 1;

C = acongant approximately equa to the population of the center of rank 1;
Q = the dope coefficient.

The plot of rank againg size on double logarithmic paper should give a draight line
with a dope of —q. The dope coefficient expresses the degree of concentration or
disperson of population within the urban system.

The sandard logarithmic rank-size function (2) was fit to the data for 1980, 1985,
1990 and 1997. The resuts are given in Table 1 with t- vaues shown below each
regresson coefficient. The regresson results exhibit an increasing intercept values,
from 6.404 in 1980 to 6.770 in 1997. In addition to the dope of rank-sze digtribution
has increase in four periods. From this andyss it is indiginct whether the change
because of increasng population in larger cities fager than smdler ones or to an
increase in populaions of larger cities done or decrease in the populatiion of smaller
cities.



Table 1 : Regression Equations, 1980-1997 for Turkish cities

Y ear L ogC* Q* R R?

1980 L(gng";géﬁ? ('2%492038?& 0998 | 099
1985 L‘(’gzggégl '(02'3;?85'99; 0998 | 0995
1990 L‘(’gi‘;gégig '(%ﬁg_lg';'zg)r 0.998 0.996
1097 L(()?g;;sigo _(12'92.73?3; 0.996 0.993

*Vauesfor log C and g are significant at the 0.05 levelsfor all years.

** t values

Source: State Institute of Statistics Republic of Turkey, Census of Population 1980,1985,1990 and
1997

In order to make a better examination of changes in the rank-sze coefficients over
time “expanded modd " was developed by Cassetti (4). The method expresses the
parameters of the logarithmic form of the rank-sze function to account for changesin
the rank —gze Sructure over  time.

The vdues for log C and g remain congant only for given point in time. Since log C
and q vary temporaly, they can be expressed as a functions of time (10).

The expanded linear function for the intercept becomes and g

LogC=LogCo+LogCit (3

0=Qo+0at 4)
Where

Co = condtant at the initid point intime;
go = dopea theinitid point intime;
t =tme

Incorporating these linear functions with standard rank-size mode (2), the expanded
rank-Sze modd becomes,

LogPi=LogCo+LogCit-gologr; (5)

In equation, logC; and ¢ can be tested. The logC; term shows sgnificant growth (or
decline) over time in the sysem of cities, while a term @1 demondrates a sgnificant
difference in the rates of growth (or decline) between larger and smdler urban aress.
In addition to the logica induson of the tempord dimenson of the urban rank-gze
digribution dlows for more precise identifications of Sability and change over time,
and, in the case of change, a more rigorous assessment of the locus of such city-
system change (11).



In this study the expanded logarithmic rank-size modd determines source of change
in the Turkish city system. According to the results, on the bass d ttest (0.05 levd),
log C issgnificantly greater than zero but g isnot. The resultsare givenin Table 2.

Table 2: Expanded regression equation, 1980-1997 for Turkish Urban System

Equation | LogCo Log C; qQo Q1 R R®

19801997 | 6.090 0.0455 -0.814 | -0.01368 | 0931 | 0.867
(174.66)** | (14.208) | (50.273) | (9.496)

*Significant at the 0.05 level.
** t-values.
Source: See Tablel

It can be concluded that for Turkish rank-size didribution, dl city centers have
increased at agpproximately a the same rate and change in population is datidicaly
ggnificant. Figure 1 shows padld rank-9ze curves in over this time. In addition, it
can be said that cities have experienced ether no shift in population rank at al.

[Il. THE STANDARD LOGARITHMIC RANK SIZE AND EXPANDED
RANK-SZE MODEL OF CITIESACCORDING TO REGIONS

[11.1 Marmara Region

Table 3 : Regresson Equations, 1980-1997 for Marmara Region

Y ear L ogC* Q* R R?
1980 L&g;’fﬁ%“ é‘zl.gééoﬂ'[ 0.977 0.954
1085 L‘(’f?;%%‘)‘s '%ﬁgg‘i‘)}r 0.974 0.948
1990 L‘()fg;fégg '%é%g(')‘gr 0.975 0.950

*Valuesfor log C and g are significant at the 0.05 level for all years.
** t values

Source: State Institute of Statistics Republic of Turkey, Census of Population 1980,1985,1990 and
1997

The gandard logarithmic rank-size function (2) fit to the data for 1980, 1985, 1990
and 1997. The resaults are given in Table 3 with t vaues shown below each regresson
coefficient. The regresson results exhibit an increasing intercept vaues, from 5.924
in1980 to 6.226 in 1997. In addition to the dope of rank-gze digribution has increase
from 1.141 in 1980 to —1.146 in 1985 and then q vaue has decrease from —1.146 in
1985 to —1.099 in 1997. From this andysis it is indistinct whether the change because
of increesing populaion in larger cities fager than amdler ones or to an increese in
populations of larger cities one or decrease in the population of smaller cities.



Table 4: Expanded regression equation, 1980-1997 for Marmara Region

Equation L ogCo Log C; Jo Q; R R®

1980-1997 5.758* 0.02611 -1.053 0.0018 0.967 0.935
(128.762)** | (6502) | (32.110) | (0.661)

1985-1997 5.456* 0.0496 -0.906 0.0134 0.972 0.944
(79.789)** | (9.073) | (18.148) | (3.563)

*Significant at the 0.05 level.
** t-values.
Source: See Table3

When the same data fitted to the expanded rank-size modd according to two periods,
it can be concluded that for Marmara region rank-sze didribution, dl city centers
have increesed a approximately a the same rate and change in population is
daidicdly sgnificant.

[11.2 The Central Anatolian Region

Table 5 : Regresson Equations, 1980-1997 for Centrd Anatolian Region

Y ear L ogC* Q* R R*

1980 L(cl’g;;g;il igl’g?%‘)ﬂ?,[ 0.984 0.969
1085 L‘(’fsgfég“ '%‘5231(5’? 0.989 0.978
1990 L‘(’ggggég‘r’ '%é?é%r 099 | 0980
1007 | ooneee) | (oasoy | 0% | 092

*Values for log C and q are significant at the 0.05 level for all years.

** t values

Source: State Ingtitute of Statistics Republic of Turkey, Census of Population 1980,1985,1990 and
1997

The gandard logarithmic rank-sze function (2) was fit to the data for 1980, 1985,
1990 and 1997. The results are given in Table 5 with t- vaues shown below each
regresson coefficient. The regresson results exhibit an increasing intercept values,
from 5.741 in 1980 to 6.171 in 1997. In addition to the dope of rank-size ddtribution
has increased from 1.058 in 1980 to —1.245 in 1985 and then g vaue has decreased
from—1.245in 1985 t0 —1.174 in 1997.

Table 6: Expanded regression equation, 1980-1997 for Central Anatolian Region

Equation L ogCo Log C; Jo Q. R R*

1980-1997 5.860* 0.0221 -1.130 -0.0046 0.987 0.975
(199.181)** | (8.104) | (52.305) | (2.412)

1985-1997 6.076* 0.0055 -1.258 0.00512 0.990 0.980
(130.689)** | (1542) | (41.594) | (2.103)

*Significant at the 0.05 level.
** t-values.
Source: See Tableb



When the same data fitted to the expanded rank-size modd according to two periods,
it can be concluded that for Centrd Anatolian region rank-dze didribution, dl cty
centers have increased a agpproximately at the same rate and change in population is
datidicaly sgnificant.

111.3 The Aegean Region

Table 7 : Regression Equations, 1980- 1997 for the Aegean Region

Y ear L ogC* Q* R R?

1980 L(‘ig;"gsdii?’ ig:g; o 098 | 0971
1985 L‘(’fgg?igy '%le_g(')%gr 0984 | 0969
1990 L‘()fg‘;gﬁies '%‘5032;‘# 0.987 0.974
1997 L?Sgbfér’éi?es _?é?egé%;r 0.988 0.977

*Valuesfor log C and g are significant at the 0.05 level for all years.
** t values

Source: State Institute of Statistics Republic of Turkey, Census of Population 1980,1985,1990 and
1997

The sandard logarithmic rank-size function (2) is fit to the data for 1980,1985,1990
and 1997. The results are given in Table 7 with t vaues shown below each regression
coefficient. The regresson results exhibit an increasng intercept vadues, from 5.653
in 1980 to 5.906 in 1997. In addition to the dope of rank-gze digribution has increase
from —0.997 in 1980 to —1.018 in 1985 and then q vaue has decrease from-1.018 in

1985 to —1.006 in 1990. There s again an increase from —1.006 in 1990 to —0.091 in
1997.

Table 8: Expanded regression equation, 1980-1997 for the Aeagen Region

Equation L ogCo Log Cy o Q1 R R?

1980-1997 5.674* 0.0147 -1.004 0.000312 0.986 0.973
(218457)** | (6.057) | (53.054) | (0.184)

1985-1997 5.775* 0.0020 -1.001 0.00066 0.984 0.968
(123513)** | (0523) | (30.483) | (0.239)

*Significant at the 0.05 level.
** t-values.
Source: See Table7

When the same data fitted to the expanded rank-size modd according to two periods,
it can be conduded that for the Agean region rank-sze didribution, al city centers
have incressed a gpproximady a the same rate and change in population is
datigticaly sgnificant.



[11.4 Mediterranean Region

Table 9 : Regresson Equations, 1980-1997 for the Mediterranean Region

Y ear L ogC* Q* R R*

1980 L(ﬁ;;%;)f é'?z_igg');’?,[ 0987 | 0974
1085 L‘(’gsggﬂ?‘r’ '%fzz_g(')g‘)’r 0.987 0.975
1990 L‘(’gzggbg??’ _(1935924?% 0.997 0.994
007 | oo | (oss | 095 | 09

*Valuesfor log C and g are significant at the 0.05 level for all years.

** t values

Source: State Institute of Statistics Republic of Turkey, Census of Population 1980,1985,1990 and
1997

The sandard logarithmic rank-size function (2) is fit to the data for 1980, 1985, 1990
and 1997. The results are given in Table 7 with t values shown below each regresson
coefficient. The regresson results exhibit a decreasing intercept vaues, from 6.095 in
1980 to 5.795 in 1995, then an increase from 5.795 in 1985 to 6.172 in 1997. In
addition to the dope of rank-sze digtribution has decrease from —1.286 in 1980 to

—1.026 in 1985 and then q value has increase from-1.026 in 1985 to —1.161 in 1997.

Table 10: Expanded regression equation, 1980-1997 for the Mediterranean Region
Equation L ogCo Log C; o Q1 R R®
1980-1997 5.941* 0.0111 -1.173 0.00233 0.989 0.979

(218.119)** | (4.436) (55.953) (1.286)
1985-1997 5.689* 0.003 -1.003 0.0130 0.993 0.986
(164.562)** | (10.610) | (39.806) (5.166)

*Significant at the 0.05 level.
** t-values.
Source: See Table9

When the same data fitted to the expanded rank-size modd according to two periods,
it can be concluded that for the Mediterranean region rank-size didribution, dl dty
centers have increased a gpproximately a the same rate and change in population is
datidicaly sgnificant.



I11.5 The South-Eastern Anatolian Region

Table 11 : Regression Equations, 1980-1997 for the South- Eastern Anatolian Region

Y ear L ogC* Q* R R*
1980 L(cl’gof 4%;%9 zggﬁgg‘)’ﬂ 0.989 0.978
1085 L‘(’fgg?égw '%g'_gs')g?r 0.986 0.973
1990 L?%ggggs %30292%“ 0.982 0.964
o || o | s | o

*Vauesfor log C and g are significant at the 0.05 level for all years.
** t values

Source: State Ingtitute of Statistics Republic of Turkey, Census of Population 1980,1985,1990 and
1997

The sandard logarithmic rank-gze function (2) is fit to the data for 1980,1985,1990
and 1997. The results are given in Table 9 with t vaues shown below each regression
coefficient. The regresson results exhibit an increesng intercept vaues, from 5.589
in 1980 to 6.086 in 1997. In addition to the dope of rank-gze digribution has
increased from —1.020 in 1980 to —1.160 in 1997.

Table 12: Expanded regression equation, 1980-1997 for the South-Eastern Anatolian

Region
Equation L ogCo Log C; o Q1 R R?
1980-1997 5.626* 0.0145 -1.028 0.00179 0.985 0.969
(175.301)** | (5.040) | (37.759) | (0.0.797)

*Significant at the 0.05 level.
** t-values.
Source: See Tablell

When the same data fitted to the expanded rank-sze modd according to one period, it
can be concluded that for the South-Eastern Anatolian region rank-gze didribution,
dl city centers have increased a approximately a the same rate and change in
population is Satigticaly sgnificant.
[11.6 Eastern Anatolian Region

Table 13 : Regression Equations, 1980-1997 for the Eastern Anatolian Region

Y ear L ogC* Q* R R*

1980 L(%Q;?sz.ﬁo igggééoﬂ 0.989 0.979
1985 L‘(’fgggbg())s '%féiig?r 0.991 0.982
1990 L‘(’ggfg’égo (25?17 g%:;r 0.992 0.983
1097 L?gfggéggl '%fsl_gé‘;‘)’r 0.990 0.981




*Vauesfor log C and g are significant at the 0.05 level for all years.
** t values

Source: State Ingtitute of Statistics Republic of Turkey, Census of Population 1980,1985,1990 and
1997

The slandard logarithmic rank-gze function (2) is fit to the data for 1980, 1985, 1990
and 1997. The results are given in Table 9 with t vaues shown below each regresson
coefficient. The regresson results exhibit an increasing intercept vaues, from 5.490
in 1980 to 5.801 in 1997. In addition to the dope of rank-sze didribution has an
increase from —0.991 in 1980 to —1.023 in 1985, then a decrease —1.023 in 1985 from
—0.979in 1990, an increase again from —0.979 in 1990 to —1.019 in 1997.

Table 14: Expanded regression equation, 1980-1997 for the Eastern Anatolian Region

Equation L ogCo Log C; Jo Q. R R*

1980-1997 5.493* 0.0173 -0.996 0.0008 0.990 0.981
(236.176)** | (8.101) | (52.948) | (0.504)

1985-1997 5.494* 0.0172 -1.001 0.0005 0.991 0.981
(144.424** | (5562) | (33.800) | (0.225)

*Significant at the 0.05 level.
** t-values.
Source: See Tablel3

When the same data fitted to the expanded rank-sze modd according to one period, it
can be concluded that for the Anatolian region rank-sze didribution, dl city centers
have increased a gpproximately a the same rate and change in population is
daidicdly sgnificant.

[11.7 Black Sea Region

Table 15 : Regression Equations, 1980-1997 for Black Sea Region

Y ear L ogC* Q* R R*

1980 %%33;951;25 (257 ggé‘))ﬂ 0.987 0.975
1085 L(()gzgggg '(("572?3;2'32? 0.988 0.977
1990 L‘(’ggg%%z '?fll_ggl’?r 0986 | 0972
1997 L‘(’ggzg%%?l -cgseafgéz?r 0984 | 0969

*Vauesfor log C and g are significant at the 0.05 level for all years.
** t values

Source: State Institute of Statistics Republic of Turkey, Census of Population 1980,1985,1990 and
1997

The standard logarithmic rank-size function (2) is fit to the data for 1980, 1985, 1990
and 1997. The results are given in Table 9 with t vaues shown below each regresson
coefficient. The regresson results exhibit an increasing intercept vaues, from 5.405
in 1980 to 5.681 in 1997. In addition to the dope of rank-size digribution has increase
from —0.759 in 1980 to —0.826 in 1997.



Table 16 Expanded regression equation, 1980-1997 for the Black Sea Region

Equation L ogCo Log C; o Q1 R R?

1980-1997 5.422* 00164 | -0.765 | 00042 | 0986 | 0.972
(265.743)** | (8548) | (53.984) | (3.240)

*Significant at the 0.05 level.
** t-values.
Source: See Tablel5

When the same data fitted to the expanded rank-size model according to one period, it
can be concluded that for the Black Sea region rank-sze didribution, dl city centers
have incressed a approximady a the same rate and change in population is
datidicaly sgnificant.

V. CONCLUSON

This sudy andyses logarithmic rank-size rule and expanded rank-sze rule in whole
of Turkey and seven regions between 1980-1997 and it demondrates that city sze
digribution adjusted more to the logarithmic draight-line When the same data fitted
to the expanded rank-size model, it can be concluded that for Turkish cities and seven
regions rank-size digribution, dl city centers have increased a gpproximately at the
sane rae and change in population is ddidicdly dgnificant. The rank dze
digributions of cities maintan a stable equilibrium in a nationd scde and regiond
scae.
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Figure 1. Rank Size of Citiesin Turkey between 1980-1997




