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Introduction

The spatial distribution of agestructure within the city is of much

concern in the study of urban social ecology (Johnston; 1971:203210), Age,

or stage in life cycle, is strongly connected with the choice people make

of urban residential locations  since it influences the way they substitute . .

between geographical lyvaried environmental resources such as accessibility
and physical space amenities. Older persons tend to choose centrally
located neighborhoods more so than young heads of households P partly
because they are interested in abundant accessibility and are ready to

forgo better physical amenities, such as housing quality, availability of

open space and presence of environmental pollution Conversely, among

young households with young children there is a tendency to opt for better

physical amenities at the expense of access to opportunities such as

services and employment. As a result, more than many other social variables,
age or agerelated variables exhibit evident spatial patterns within cities.
Distance from the city center, along which the substitution between access

ibility and physical amenities occurs has been found in many studies to be

closely associated with agerelated variables (Berry and Horton, 1970:328333) .

In this study the spatial distribution of agestructure is examined in

the metropolitan region of Tel Aviv, Two geographical levels of examination

are considered, One is the level of the individual cities comprising the

metropolitan region and the other is the level of the entire metropolitan

region, with the aim of suggesting a metropolitan geographical pattern of

agestructure, A major thrust of the paper is the development of a method

ology for mapping agestructure.
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The Methodology of Mapping AgeStructure

The spatial distribution of agestructure is often studied by

examining the proportion of particular age groups. In many instances,

when the research interest lies in the aging of the population, the

per cent of the elderly group (i.e. persons over 65 years of age) has

been employed as a measure of characterizing the agestructure of

geographical units within a city. The proportion of one age group is a

convenient measure because it is uni dimensional and therefore convenient

for statistical manipulation, especially when related to other variables.
For example, Schmelz (1977) and Gonen, Cohen and Shtarkshall (1978) have

shown for Jerusalem a concentration of elderly population in the central
areas of the city. HarPaz and Sivan (1978) have demonstrated the

growing concentration of elderly in the central areas of Tel AvivYafo.

However, using the proportion of only one age group does not do justice
to the composite nature of agestructure. It does not point out to the

relationship between the various age groups of a population,

In spite of its shortcomings, the proportion of one age group as a

measure is commonly used, especially in mapping spatial patterns. The

use of unidimensional measures is particularly convenient in mapping,

which does not lend itself so easily to the representation of a multi

dimensional phenomenon. There is therefore a need to overcome this
shortcoming by using such variables that, while retaining the multi
dimensional nature of agestructure, possess the technical character

istics of a unidimensional variable,
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Coulson (1968) has developed an "agestructure index", based upon

the regressing of agestructure histograms. The computation of the index

for each geographical unit is cumbersome and there is the problem of

perfect fit to a straight line generalization. However, the "agestructure

index" is a single quantitative measure and thus allows comparison and

ranking of geographical units, as Coulson has done for Kansas City.
In this paper we suggest the use of the triangular percentage dia

gram ("triangram") as an appropriate tool, since it represents agestructure

as an inter relationship between the three major age groups of a population

)Dickinson, 1973 :3536) . In the past, the use of the triangram for studying

population agestructure has been concentrated on the level of countries,
Empirically, it can be shown that countries are scattered on the triangram

in the form of a continuous path (Beauj euGarnier, 1966:163166; Clarke,

1965: 6365) . The path can be interpreted to represent an axis of social

and economic development: relatively high proportions of children in devel

oping countries, and relatively high proportions of the old age group in

developed countries.

For purposes of statistical and graphic representation the path can

be divided into sections constituting classes of agestructure, in terms of

the interrelationship between the three major age groups. This division

into sections helps in discerning progressive stages of agestructure

development in a uni dimensional form, Consequently the position of an

observation on the agestructure path becomes a uni dimensional variable,
which is easy to map or to depict graphically in a meaningful form, In

this way, countries could be mapped according to their position on the age
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structure path5 as could other geographical entities, such as regions or

cities, In this study we concentrate on the application of the triangram

to the exploration of the spatial pattern of agestructure within the

Tel Aviv metropolitan region.

AgeStructure Within Individual Cities

Figure 1 shows on the triangram the 1972 agestructure of the statis
tical subquarters in Tel AvivYafo  the inner city of the metropolitan

region. The pathlike pattern of agestructure is evident. For purposes

of cartographic analysis, the path has been divided into progressive

sections, in a somewhat arbitrary fashion, as shown in Figure 2. The

sections provide the basis for mapping agestructure in Tel AvivYafo, as

shown in Figure 3  A concentric pattern around the city center is clearly
indicated. In the core of Tel AvivYafo, where there is a dense concen

tration of economic activities, there is also an "old" agestructure: the

proportion of age 65 and above is 2030 per cent, while the share of aged

014 is only 1020 per cent, The peripheral ring consists mainly of areas

with a "young" agestructure: 010 per cent of age 65 and above and 3040

per cent of aged 014. These are newly developed as well as veteran

neighborhoods, all sharing a peripheral location.

The relationship between younger agestructure and peripheral urban

location is common to most urban settlements, Peripheral urban locations

are less expensive and offer more environmental amenities than do central

urban locations, and as such attract younger households with young

children. However, in Israeli cities this relationship is strengthened
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by the important role played by public housing agencies in the supply of

housing. Public housing agencies characteristically locate their housing

projects on the periphery of cities, where land is relatively inexpensive

and where large tracts are available (Gonen, 1975), These public housing

projects cater to two major groups which contribute to a younger age

structure of a residential area: (1) young households with small children,
and (2) lowincome families often characterized by a large number of

children.

The subquarter with the "youngest" agestructure in Tel AvivYafo

is located along the coast of old Yafo, where there exists the only

concentration of Arab population in the metropolitan region. The large
families characteristic of the Arab population accounts for the young

agestructure there, Such is the case of lowstatus Jewish population

residing in this rather deteriorated part of the city. In the relatively
newer section of Yafo, where there is no concentration of Arab population,

agestructure is older and resembles that of residential areas close to

the commercial center,

The concentric pattern revealed in the Tel AvivYafo agestructure

map (Fig, 3) is transferred to the city's agestructure triangram in

Figure 4, using an indication of three kinds of areas: core, inner and

outer. In this way, a geographical dimension is added to the statistical
representation of age structure on the triangram. As expected, the

concentric spatial pattern repeats itself on the agestructure path: the

core areas of "older" agestructure are found to the left of the path and

are then followed by areas of the inner and the outer rings (Fig. 4),

where agestructure is progressively younger.
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A general concentric pattern is revealed in the case of other cities
of the metropolitan region. Two examples have been portrayed on the

triangram: Ramat Gan [Fig, 5) and Petah Tiqwa (Fig. 6). Ramat Gan, though

its agestructure path is not as broad as the one for Tel AvivYafo, still
reveals a spatial differentiation of agestructure. Again, its core areas

are characterized by 1020 per cent of aged 65 and above and 1525 per cent

of age 014, as also shown in Figure 7.

Petah Tiqwa, on the metropolitan periphery, follows, in general, the

concentric pattern of agestructure, though it lies solely on the right
side of the agestructure path of the triangram, thus reflecting the younger

population of this peripheral city. The general concentric pattern in Petah

Tiqwa is also portrayed in the map of Figure 8. However, there are some

noted exceptions to the concentric pattern. These exceptions are some of

the outer areas which lie in the "older" part of the agestructure path,

well before the core areas (Fig. 6) . In Petah Tiqwa these exceptions are

associated with its circumstances of urban development, The "older" outer

areas are veteran public housing projects, which, up to the 1950's, had

been established well outside the periphery of the city1s buildup area.

At that times there has been an additional motive for establishing public

housing projects far from the builtup area of cities. Public housing

agencies, especially those affiliated with the Histadruth (Federation of

Labor) were planning forsemi agricultural features in the housing proj ects .

As a result, many of these early housing projects were laid out on relative
ly large plots where parttime agriculture could be practiced. This has

meant very low densities of residential development that could have been
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afforded only well outside the builtup perimeter of the cities (Gonen,

1975). This practice has been carried out at a time when the core of

Petah Tiqwa, as well as of similar towns across the country, were still
developed at medium residential densities, due to their relatively rural
character. After the 19501s, with increased urbanization of Petah Tiqwa,

young households have flocked into the town and many of them settled in

the developing urban core. The core, being still partially developed,

has offered relatively inexpensive but accessible residential locations

to the inmigrating young households. Many of these households settled
in Petah Tiqwa largely as inhabitants of the metropolitan region,

commuting to places of employment all over the region and were interested
in easy access and appropriate residential status. This inmigration

has eventually rejuvenated agestructure in the core of Petah Tiqwa, as

it has done in a similar manner in other peripheral cities of the same

character, such as Rishon Lezion in the southern margins of the region

and Herzliya in the northern ones. Little of this inmigration has

affected peripheral residential areas, especially those estbalished as

public housing projects. On the contrary, there has been out migration

of the upwardly mobile households and of younger persons searching for

accessible residential locations of a higher socioeconomic status

)Gonen and Hason, 1974), As a result, some of the housing projects

of the periphery, undergoing intensive outmigration and experiencing

little additional residential development, have increasingly acquired

an older agestructure, This trend raises the social issue of

concentrations of elderly population on the periphery of cities where

access to services and people could be a severe problem.
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In Ramat Gan, the pattern described for Petah Tiqwa is absent in

1972. Due to its earlier urban development, Ramat Gan's core has been

fullydeveloped at a relatively early stage and inmigration of younger

households has been largely diverted to peripheral locations next t0

existing housing projects. Consequently, the agestructure of the

population in Ramat Gan's core is already relatively old in 1972, while

in the peripheral areas agestructure is invariably young.

Other cities of the metropolitan region such as Bat Yam, Holon,

Herzliya. Rishon Lezion, Bnei Beraq and Ramat Hasharon in general exhibit

an agestructure path on the triangram, with a similar differentiation
between core, inner and outer areas, though not as clear a pattern as 2n

the large inner city of Tel AvivYafo.

A Metropolitan Pattern of AgeStructure

It has been shown that agestructure is manifested in a similar

spatial pattern in each of the cities of the metropolitan region of

Tel Aviv. We now proceed to explore whether there is a meaningful spatial
pattern of agestructure in the overall metropolitan region.

Combining in Figure 9 the agestructure path of Tel AvivYafo

)Fig. 4) with those of Ramat Gan (Fig. 5) and Petah Tiqwa (Fig. 6) into

one triangram produces what can be termed a metropolitan path of age

structure, where each of the three cities, according to its respective

location within the metropolitan region, occupies a distinct domain on

the path. Tel AvivYafo, the central city, is mainly situated on the

left ("older") part of the agestructure path. Petah Tiqwa, as a city

A
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of the outer ring of the metropolitan region, lies on the right ("younger")

part of the path. Ramat Gan, geographically located between Tel AvivYafo

and Petah Tiqwa, indeed occupies the middle of the agestructure path.

Though not depicted in Figure 9, other outer cities of the metro

politan region such as Ho Ion, Bat Yam, Herzliya occupy a similar part of
the agestructure path as Petah Tiqwa does, Givataim and Bnei Beraq, which

form an integral part of the inner metropolitan ring are similar to Ramat

Gan in terms of their general position on the agestructure path.

The general metropolitan pattern of agestructure emerging in

Figure 9 is that of intracity agestructure systems, each comprised of

core, inner and outer areas, all nested within a metropolitan agestructure

system made up of core, inner and outer cities. The spatial pattern of

agestructure; then, follows closely the general spatial pattern of urban

development and land use in the metropolis. The outstanding position of

Tel AvivYafo as the central city of its metropolitan region, in terms of

commerce and employment as well as density of population, is repeated with

regard to agestructure. It has a large proportion of aged 65 and over and

a much lower proportion of aged 014 and aged 1564 than the rest of the

cities in the region.

Mapping Change in AgeStructure

Temporal change in agestructure over the urban space can also be

shown on the triangram by plotting data for several points in time. In

Figure 10, agestructure of the population of the Tel AvivYafo sub

quarters are shown by pairs of dots, one dot representing agestructure



 15 

in 1961 and the second dot indicating agestructure in 1972. Lines connect

ing the pairs of dots mark the nature of change in agestructure over the

intercensal period. These lines form a path of changes in agestructure,

resuming a shape similar to that of agestructure for each respective year.

In general, change in agestructure takes place as a directional movement

over the agestructure path, a pattern that implies a possible relationship
between the cross sectional and the longitudinal nature of variations in

agestructure. This implication, if properly verified, could serve as a

basis for predicting agestructure of an urban area on the basis of its
position on the agestructure path. As such, the implied relationship could

serve as an important tool in urban planning where agestructure is an

important variable to be predicted.

In Figure 10, the direction, angle and length of the lines, which

connect two pairs of dots, describe the nature of change in agestructure.

For instance, a line sloping upward toward the left of the triangram denotes

a decrease in the proportion of persons aged 014 and an increase in the

proportion of those aged 1564, while the specific angle of the line tells
whether the proportion of those aged 65 and above has increased or decreased.

It is possible to describe, in a similar fashion, the meaning of other shapes

formed by the lines, each shape representing a different type of change in

agestructure.

A common basis for describing all possible types of change in age

structure is furnished by the hexagonal diagram shown in Figure 11. The

axes of this diagram indicate positive and negative change in percentages

, of the three age groups. The location of a dot on the hexagonal diagram
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marks the type of change (whether positive or negative) and its magnitude

)in terms of distance from the origin of the diagram) in each of the three

major age groups.

The axes of the hexagonal diagram divide it into six sectors, each

characterized by a particular combination of changes (positive or negative)

in the proportions of the three age groups. For instance, sector II in

the hexagonal diagram (Fig. 11) includes combinations of changes in which

the proportion of those aged 014 and aged 1564 has decreased while the

proportion of persons aged 65 and over has increased. The other sectors

represent other combinations of changes, as indicated by the combinations

of positive and negative signs marked on the diagram. Thus, the hexagonal

diagram can serve as a basis for classifying types of change in agestructure,
the six sectors representing types of change.

For purposes of refining the classification it is possible to further
subdivide each of the six sectors into two or more subsectors, depending on

the nature of the distribution of the observations and the need for refine

ment . A sector can be divided either by lines drawn from the origin or by

lines running parallel to the axes.

Change in AgeStructure in Individual Cities of the Region

In the case of Tel AvivYafo, because many of the observations are

concentrated in one sector (III) , as is shown in Figure 12, the sector was

bisected, for purposes of classification, so as to form two subsectors:

Ilia and Illb, as shown in Figure 13. Subsector Ilia represents a relative
ly large positive change in the proportion of those aged 65 and over, while
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subsector Illb denotes a larger positive change in the proportion of those

aged 1564. Subsector Illb could be regarded as representing a lower level

of aging than subsector Ilia.
In the intercensal period of 19611972, no subquarter of Tel Aviv

Yafo falls within sectors IV, V and VI, leaving us with four types of

change: sectors I and II and subsectors Ilia and Illb. When changes in

agestructure in Tel AvivYafo are mapped according to the above types

generated by the hexagonal diagram, a meaningful spatial pattern emerges,

as shown in Figure 14. The highest level of aging (sector II) cl.aracter

izes the core as well as the inner areas of the city, thus meaning that an

increase in the age group of 65 and over, accompanied by a decrease in the

other age groups, is widespread over a large part of the city. The next

level cf aging (subsector Ilia) is found further away from the core, while

in the outer areas change in age structure is of the type described by

sector Illb, namely that of a relatively large positive change in the group

aged 1564 . Again, as in the case of agestructure itself (Fig. 3), a

concentric spatial pattern of change is revealed in Figure 14: the core

areas with an "older" agestructure experience higher levels of "aging".

The increased aging in the inner areas that surround the core of the

city is of particular interest. These are areas which though characterized

by high levels of accessibility because of their central location are still
beyond the realm of high density economic activity of the central business

district. Elderly persons continue to reside in these inner areas while

younger families move out to outer areas of the city or even to other cities

of the metropolitan region. At the same time the core areas are increasingly
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losing population, some of them are elderly that are looking for residential
locations where physical amenities are not at such low quality as there are

in the city1 s core (HarPaz and Sivan, 1978) .

Plotting changes in agestructure in the years 19611972 for the

cities of Ramat Gan and Petah Tiqwa directly on the hexagonal diagram reveal

that each of the two cities occupies a distinct field on the diagram, as

shown in Figure 15. Unlike Tel AvivYafo, several areas of the other two

cities under examination are found in sector IV, which denotes an increase

in those aged 1564 only. These areas were newly developed during the

intercensal period and have been settled by young families without or with

only a few children.

In Ramat Gan high levels of aging (sector II) characterize its northern

part where veteran core areas lie (Fig. 16). Surrounding the core, especially

toward the newer southern part of town, are areas where there is an increase

in both aged 1564 and aged 65 and above. Higher rates of relative increase

of the aged 65 and over characterize areas closer to the core in the north.

All areas in Ramat Gan have experienced a relative decrease of aged 014, an

indication of the city's general inner location within the metropolitan region,

and the scarcity of vacant space within it for additional urban development.

The spatial pattern of change in agestructure in Petah Tiqwa during

19611972 is quite complex and reflects the yet developing nature of the city
)Fig. 17). The commercial section of the city indeed exhibits high levels of

aging, namely a relative decrease of aged 014 and aged 1564. Yet, immediate

ly next to the commercial section but still within the core of the city are

areas that have experienced intensive rejuvenation due to the settling of young
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families in the developing core. This process of a rejuvenating urban

core has taken place while some of the peripheral areas have witnessed

high levels of aging due to the factors discussed above.

The Metropolitan Pattern of Change in AgeStructure

It is of interest to note the differences between Tel AvivYafo,

Ramat Gan and Petah Tiqwa in terms of the location of their respective
core areas on the hexagonal diagram. Each of the cores occupies a

separate field of the diagram, as shown in Figure 18. The core of Tel

AvivYafo lies in sector II (increase in those aged 65 and over only).

The core of Ramat Gan is found mainly in sector III (increase in those

aged 65 and over as well as 1564), The Petah Tiqwa core lies near the

origin of the diagram, where little change occurs. These three urban

cores form a path on the hexagonal diagram that corresponds to their
geographical location within the metropolitan region. Thus, in addition

to the geographical pattern of agestructure within the metropolitan

)as suggested by Fig. 9), it is possible to suggest a corresponding

pattern of change in agestructure.

With the help of the hexagonal diagram, the general spatial pattern
of change in agestructure is identified for the entire metropolitan

region of Tel Aviv. Tel AvivYafo stands out as the part of the region

where accelerated aging is taking place. Very few areas outside the

central city are characterized by increase in the proportion of aged 65

and above, while the other age groups are losing their share (sector II).
These areas outside Tel AvivYafo are of two kinds: (1) Older neighborhoods
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in the core of the cities, particularly in Ramat Gan; (2) some older

housing projects on the periphery of the cities, such as those mentioned

above with regard to Petah Tiqwa. These are areas that have been

developed in earlier decades but have not experienced continuous urban

development which is the main source of younger age groups.

Where recent residential development has taken place the proportion

of aged 014 has increased. These are areas in the urban periphery that
because of particular considerations have been chosen for intensive deve

lopment as well as areas close to the existing cores of the cities. Near

the core there were many instances of undeveloped or und erdev e 1op ed tracts
of land, separating between the core and the public housing projects, built
on the periphery. As the demand for privatelydeveloped housing with

satisfactory conditions of accessibility has increased those closeto

thecore tracts have been built up and occupied by young families, thus

increasing appreciably the proportion of aged 014.

In between the areas of "accelerated aging" (sector II) and the

"rejuvenating" areas (sectors I, VI), there is a large number of areas

that are characterized by "gradual aging" (sector III), namely the relative
decrease in aged 014 and a relative increase in aged 1565 as well as

aged 65 and above. Much of Ramat Gan, Giv'ataim, Herzliya, Ramat Hasharon,

Ho Ion and Rishon Lezion is undergoing such gradual aging. So are the core

areas of Bat Yam. Gradual aging is found also in the small communities on

the east side of the metropolitan region, except for Qiryat Ono, where

residential development has rejuvenated the agestructure of the town in the

1960's.
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As a whole, the metropolitan region of Tel Aviv is characterized

by the relative decrease of aged 014, whether in its core or m the outer

cities . The region' s spatial pattern of growth is perhaps associated with

its spatial pattern of agestructure. The region has grown as a metro

polis out of a fabric of existing cities that have been established in an

individual manner and only later in the process have been interwoven into

an integrated metropolis . As a result., there are plenty of veteran areas

on the metropolitan periphery where agestructure is characteristically old.

Consequently, it seems that the nature of urban residential development

is relatively a discrete process. Once an area is slated for development,

it is often fully built in a short period of time, and settled by relatively
young families looking for housing, When the area's development is completed,

a process of aging sets in, first as a relative decrease m the proportion of

children (aged 014) and later as a decrease of adults (aged 1564) sets in.

Rejuvenation will take place in other areas where urban development has

shifted to, usually in the urban periphery.

Conclusion

The study of agestructure in the metropolitan region of Tel Aviv

reveals the existence of a meaningful spatial pattern on the level of entire
region as well as on the level of individual cities. The geographical

location of a residential area within a city and the metropolitan region

and its general residential history are reflected m the nature of the

area's agestructure. Though the relationship between agestructure on one
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hand and geographical location and residential history on the other is
not clearcut, it is still useful in furnishing a basis for understanding

not only the static spatial pattern of agestructure but also its spatial

dynamics. Thus, a geographical approach to the study of agestructure

could provide an understanding of possible future trends in age structure
over the metropolitan region. Such an understanding is helpful in the

planning of the myriad of services that cater to the various age groups

of the population in the metropolitan region.

1

/
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