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ABSTRACT

George Kyriakousis

SURVIVAL ANALYSIS AS APPLIED TO URBAN AN
REGIONAL DEVELOPMENT

O!KO;‘,

April 2005

The present dissertation consists of three parts. The first part refers to
urban and regional development. In order to measure the economic and social
conditions that prevail in a region, we define a variable called “Basic Image”
which expresses the image that the said region projects to the potential
investors. In addition we identify the factors that affect the “Basic Image” and
introduce ways to measure it.

The second part details survival analysis, which is a statistical method
for analysing survival data. The survival time is defined as a random variable
and we discuss about ways of handling censored data, or in other words
observations with unknown and inexact survival times. Additionally, the three
equivalent functions of survival time are defined as well as both the
parametric and non-parametric ways of estimating and comparing them.

The third part is an application of survival analysis to urban and
regional development of Greece. Our purpose is to examine whether the state
intervention, which has clustered the 51 prefectures of Greece into 4 groups
and each group has received an amount of subsidy according to its growth,
has had a significant result to poor prefecture’s development. We have
collected primary data of the period 1971-1991 for the 51 prefectures of
Greece and for each one of them we have computed the “Basic Image”. Next,
for each of the 51 prefectures, a methodology is defined for the estimation of
their survival time and for each of the 4 groups the survival function is
calculated. Finally, through a graphical representation and a statistical test,
we examine whether the differences among the groups are statistically

significant, i.e. whether the state intervention has helped the declining



regions. The conclusions of the research can be found at the end of the

dissertation.
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INIEPIAHYH
[Nopyoc Kvpraxovong

H ANAAYZXZH EHNIBIQXHYXY ONIQYX E®PAPMOZETAI XTHN
AXTIKH KAI HEPI®EPEIAKH ANAIITYEH
Ampiiiog 2005

H mapovoca epyacia anotereitar and tpia pépn. To apdto avapépetar
ot Bempla AGTIKNG KAl TEPLPEPELAKNG avATTVENGS. Me okond va pnetpnbovv ot
OIKOVOMIKEG KOl KOWOVIKEC OCLVONKEG MOV EMKPOTOOLV OE Ul TEPLOYN
opiCovpe pa  petafinty  wov  ovoudaletar  “Bacikny  Ewkdéva”  kat
avrikatontpiler v “swkova” mov mn kabe meproyn otélver oTovg TMOAVOLG
enevduTég . Emiong avagepdpacte otovg tapdyovieg mov exnpealovv v
“Baocwkn Ewkova” xaBdg xar o TpdTOVG HETPNOTG TNG.

To devtepo pépog avaeépetar AemTopep® otnv avaivon emPioonc.
Opilovue 10 YpoOVO emPinong wg toyaia petafinty xar cvl{ntodpe TPOTOLS
AVTILETOTIOTS TOV AOYOKPUEVEOV TAPATNPNCEMV, dNAAON TAPATNPHOEDV TOV
omoimv o axpiPng xpovog emPiwong dev eivar yvootdg. Eniong opilovpe t1g
TPEL 16030vapeg ocvvaptinoels Tov xpovov emiPioong xabdg emiong «at
TOPARETPIKOVS KAl U TPOTOVG EKTIUNOTG KAl GVYKPIONG TOVE.

To pito lpépoc_; givar g gpappoyn g avaivong empioong oty
aGTIKN Kol TEPrpepelakn avantoén g EALGdac. Lkondg eivar va eheyyBel av
N kpotkn mopépPaon ocdpewve pe v omoio ot 51 vopol g elAnvikng
EMKPATEING KotnyoplonomOnkav oe Ttéooeplg opadeg xar kabe opdda
emyopnyNOnke aviiotpoQwg avdioyo pe 1o enimedo avamntvén ng, enépepe
OVUCLACTIKA OMOTEAECUATO OTNV OVATTLEN TV QTOYXOTEpOV voumv. 'a 1o
oKOTO avtd cvAiéEape mpwtoyevy dedopéva tng meptodov 1971-1991 xar
vroioyicape v “Bacikn Ewkova™ yia kaBe vopd. £1n ovvéyela opicape pio
pnéfodo yia tov vmoroyiopd Tov Ypovov emPimong Tov kdbe vopov kol yia
KGBe opada vopdv vroloyicape tnv ovvapinon emPioong. Téhog, pe v
Bonbela ypooikdv aneikovice®wv Kal £vOG oTATIOTIKOD gAéyyov, eréyEape av

01 S10POpEC AVAUESH OTIG OUAdEG TTAV OTATIOTIKA ONUAVTIKEG dniadn av 1
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KpaTikn mwopéupacn enEEepe OVOLACTIKA AMOTEAEGUATA OF OTL AQOPE TNV

AvATTUEN TOV AMYOTEPO AVERTVYREVOV VOUDV.
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CHAPTER 1

INTRODUCTION

1.1 Brief Overview

The present work consists of three parts. The first part, presented in
chapter 2, refers to urban and regional development. The second part,
presented in chapters 3 and 4, refers to statistical methods for survival data
analysis and the third part, presented in chapter 5, is an application of the

survival analysis to urban and regional development.

1.2 Urban and regional development

In chapter 2, in order to measure the economic and social conditions
that prevail in a region, we define a variable named “Basic Image”. This
variable reflects the “image” that each area sends out to the potential
investors. Additionally, we identify the six factors that controlling the “Basic
Image”: Accessibility to Centres of Influence, Availability of Land, Financial
Conditions, Housing Conditions, Environmental Conditions and Social

td

Conditions. Finally, we explain why “Basic Image” can be considered as a
non-linear function of two conflicting factors and we introduce a way of
measuring it based on the six factors mentioned above, through a third degree

equation.

1.3 Survival Analysis Techniques

In chapters 3 and 4, we present survival analysis, a statistical method

for analysing survival data.



Specifically, in chapter 3 we introduce “survival time” as a random
variable, we discuss cases in where we may have observations without exact
and known survival times (i.e. censored observations) and ways of handling
them, we define the three equivalent functions of survival time and we
introduce parametric ways of estimating, as well as, comparing survival
functions.

Contrary to the parametric case, which implies that survival times are
normally distributed, the scope of chapter 4 is to present ways of handling
situations where the assumption of normality is violated. On that basis we
present a method for estimating the survival function and several non-
parametric tests for comparing two or more survival functions. Additionally,
we introduce the Cox’s proportional hazard model, a conventional technique
for investigating the relationship between survival time and possible

prognostic variables.

1.4 Survival Analysis as Applied to Urban and Regional Development

In the last chapter, we apply the statistical methods discussed in
chapters 3 and 4, to the theory concerning urban and regional development,
presented in chapter 2.

Our purpose is to examine if state intervention, which divided the 51
prefectures of Greece into 4 groups and each group received a level of
subsidy according to its growth, had a significant result on poor prefecture’s
development. We have collected primary data of the period 1971-1991 for the
51 prefectures of Greece and for each one of them (year and prefecture) we
compute the “Basic Image”, i.e. the value that characterizes how attractive or
repulsive a region becomes as time passes. Next, for each of the 51
prefectures, we suggest a formula for specifying its respective survival time
and for each of the 4 groups we calculate the survival function. Our next step
is to examine, through a graphical analysis and a statistical test, whether the
differences among the groups are statistically significant. The conclusions of

the research can be found at the end of chapter 5.



Finally, at the end of this thesis are depicted the calculated “Basic
Image” values, their graphic representations as well as other important, for

the specification of the “Basic Image”, values.
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CHAPTER 2
THE “IMAGE” OF A REGION

2.1 Introduction

In most countries, people move voluntarily from one region to
another looking for better working and living conditions. This internal
migration causes significant differences in economic and social development
among country regions. A state intervention for the development of poor areas
is necessary. In this chapter, in order to consider how wealthy or poor a
region is, we will, initially, define a variable that measures the economic and
social conditions of it. That is, the “Image” of an area. Next, we are going to
identify factors that affect the “Image” and we will introduce ways of
measuring it. Finally, as a conclusion, we will discuss about the ways of

improving an area’s attractiveness.

2.2 The concept of the region’s “Image”

The “Image” reflects the attractiveness of a region. In other words it is
a measure of how attractive or repulsive an area is. Apparently the “Image”
does not remain constant but depends on the changes of the socio-economic
conditions over time. Empirical evidence (Townroe 1971, Harris and Clausen
1966, Hunter and Reid 1968) shows that all potential movers react with a
similar way to a basic set of factors. In other words, there is a set of
prerequisites, common for all movers, which have to be satisfied if the region
is to be considered as a possible destination. On the other hand, since all these
people belong to different groups such as employees, skilled or unskilled
workers, they are sensitive as well to different factors. Consequently, the
impact of the region’s “Image” on the members of each group will be
different. In order to cover general and specific sets of factors, we can
decompose the concept of the region’s “Image” in “Basic” and “Specific

Image”.



“Basic Image” of a region, measures the degree to which this region
satisfies the common for all movers set of basic criteria. An area satisfying
those criteria is considered by all potential movers, as worth a closer
examination and as a possible final choice.

On the contrary, “Specific Image”, as perceived by a particular group
of potential movers, measures the degree to which those movers consider the
region as their best final choice.

“Basic Image” expresses the general conditions of an area while
“Specific Image” the particular socio-economical benefits that groups are
going to obtain if the area will be finally chosen. Net changes in the number
of the members of each group due to migration, may provide a good measure
of their respective “Specific Image’s”. Such information however is not
readily available. What may be measured more easily is the net change of the
total region’s population, during a given time period. Such a change,
however, is of very little importance as a measure of the real state of the
region. The perception and reaction times to any change taking place in the
region, are different for the various groups of potential movers and are
particularly long for certain vulnerable minorities who lack real choice of the
place to leave and work. Hence, the measurable changes of the region’s
population due to migration may be generally considered as delayed and
considerably smoothed consequence of changes in its “Basic Image”. If the
“Basic Image” were quantified properly, one would expect that changes in its
value and measurable changes of the region’s population due to migration
would generally agree in sign.

By keeping the “Basic Image” of a region attractive, we make sure
that, in spite of possible fluctuations in the effectiveness of the various
specific factors and of unexpected external adversities, the region may retain
its overall pulling power, renew its industries, maintain the right blend of
workforce and finally overcome the difficulties.

As soon as the “Basic Image” becomes repulsive, however, the
situation changes completely. The region enters a vicious circle of deprivation
and decline the breaking of which is extremely difficult. Piecemeal
approaches, aiming at the breaking of this vicious circle, through the

improvement of certain specific factors, may help temporarily but the only



lasting solution is the restoration of the “Basic Image”. On time and right
diagnosis of the problem is the most important step for its solution. In the
case of urban growth, however, the “seeds” of decline are usually “enrooted”
at times of prosperity. The necessary decisions should be taken quickly before
it is too late. That is why the concept of “Basic Image” as a measure of the

development of a region may be very important.

2.3 “Basic Image”

2.3.1 Factors controlling the “Basic Image” and wavs of measurement

As it has already mentioned, in most countries mobility is largely a
voluntary process. People and industries move in to or out of a given region
on the basis of their perception of its relative advantages and disadvantages.
Their mobility is, therefore, a function of a multitude of factors. Hence, the
vital part of any attempt to improve or sustain the attractiveness of a region
must be “the provision and maintenance of a framework in which voluntary
mobility can flourish”(Hunter and Reid 1968). The “Basic Image” as defined
above, could well be the basis of such a framework and the factors that
influence it the prime targets for improvement. The most important of those
factors, as identified by empirical evidence (Cullinworht 1969, Harris and
Clausen 1966, Hunter and Reid 1968, Lutrell 1962, Report on the location of
industry 1939, Rhodes and Khan 1971, Sant 1975, Townroe 1971), are listed

below:

Accessibility to Centers of Influence
Availability of Land

Financial Conditions

Housing Conditions

Environmental Conditions

V V V V V V

Social Conditions

After listing the factors that influence the “Basic Image” of a region,

we can continue by suggesting way for their measurement (Angelis



1981,1990). At this point, it should be mentioned that the indices presented
below are expressed in relative terms. In that case, unlike the absolute terms
case, the development of a given region is compared to that of a hypothetical
region, which is referred to as the “Typical region” and expresses an average
of all the regions of the country to which the region belongs. In addition, the
reader must bear in mind that the measures presented below have been chosen
on the basis of their closeness to the quantities they measure but also, on the

basis of data availability.

» Accessibility to centers of influence

Every industry in order to operate effectively requires access to
sources of row materials, commerce and service centers and clusters of other
industries. In other words it requires access to what we may generally call
influence centers. The region whose location offers easy access to influence
centers has an obvious advantage over its competitors i.e. other regions.
Accessibility to centers of influence is not an easily quantifiable factor.
Discovery of new deposits of .row materials and the establishment of new
markets, but mainly the changes in the concept of distance, as the result of
improvements in transport technology, makes the measurement of proximity
rather difficult. To facilitate its measurement, an Accessibility Index is
introduced, expressing the relative position of a region with respect to the
various influence centers. Such an index will be a function of both size and
economical capacity of the influence centers surrounding the region and the
distance of the region from them. Obviously the more favorable a region’s
location, the higher its Accessibility Index. The methodology of setting up
this index (Angelis and Slafkou 1997) is described below:

33

Every area “ i ” is generally surrounded by more than one influence
centers “ k; ”. Suppose that we have i = 1,2,...,n competing areas and j =
1,2,....m different influence centers. The total influence exerted by those

centers on a given area is expressed by what we may call the Location Index

of an area i (LOCI’). As it has been mentioned before we prefer express



those indices in relative terms. In that case we define the Relative Location

Index of an area i:
k
RLOCI} =LL0C£;;— Q2.1

ave

where:
e irefers to the given area,

e k refers to the influence centers and
e LOCI', is the location index of the typical area with respect to the
influence centers and is defined as follows:

n x
ZLOCI,.
LOCI* =‘T (2.2)

ave

where:
e ave refers to the typical area,
o k refers to the influence centers and
e n refers to the total number of areas competing for the attraction of

industrial units.

The problem now is concentrated in estimating the Location Index (LOCI})

of an area. The LOCI} expresses the influence exerted by all influence

centers m to a given region i and is defined as follows:

Locrk =Y Locry (2.3)

J=1

where LOCI ,k ‘ is the location index of a given area i with respect to only one
of the m influence centers and expresses the influence that the center j exerts
on region i.

We shall go on by estimating LOCI,." /. As it was mentioned, such an

index will be a function of both the economic size of the influence centers
and the degree to which individuals of a given region can approach these

centers. Hence, Location Index can be defined as follows:



LOCI = SI, * AL (2.4)

where

®  §I, is the Size Index of the influence center j and

. AI,.k’ is the Accessibility Index of the given area i with respect to

center j.

The Size Index of a center can easily be estimated, if it is supposed to
be a function of the centers size measured in Gross Domestic Product (GDP)
terms, by the following relationship:

GDP

k.
SI, = L (2.5
“  GDP,, .

where

* GDP, is the Gross Domestic Product generated within the center j and
e GDP,, isthe maximum GDP generated within all influence centers.

On the contrary, calculating the Accessibility index of a center could turn out
to be a complicated process. Although, an easier approach could suggest
expressing the accessibility as a function of distance (or the transportation
cost) between the region and the influence center we prefer a more
sophisticated way because the first approach suffers from a vital
disadvantage. Its applicability is limited in the case of spatial discontinuity
(Islands). In such a case distance or even transportation cost does not properly
expresses accessibility. A different measure, involving both transportation
cost and spatial discontinuity, is needed. We define the Accessibility Index of

an area with respect to an influence center as follows:
AIY =TCIY *SCI, (2.6)
where
o TCI ,k ’is the Transportation Cost Index and

e SCI, is the Spatial Continuity Index

10



Transportation Cost Index expresses the relative transportation cost

between region i and center j and can be defined by this relationship:

TCH,

k

TCIY =
TC/

2.7)

where
o TC,.k’ is the cost of transporting a unit quantity between area i and
influence center j and
o TC,’;;’n is the minimum cost of transporting a unit quantity between area

i and any influence center j.

Transportation cost may be considered as a function of distance. Hence
TC/=a+bd; (2.8)
where
. TCik’ is the cost of transporting a unit quantity between area i and

influence center j,
e d;; is the distance between area i and center j and

e ab are the regression coefficients

Obviously the above function must be properly modified in the case where
area i, center j or both are island regions. The modified equation in the case
where area i is on an island and center j in the mainland is given below:
TC/ = a + bdj, + cdpi (2.9)
where
e d,; is the distance between center j and mainland port p,
e d,; is the distance between port p and area i and

e a,b,c are the regression coefficients.

The modified functions for the other two cases (area in the mainland-center
on an island and both area and center on an island) are structured in a similar

manner.

Les us now continue by discussing the Spatial Continuity Index SCI,.

Transportation of physical entities is possible in four different modes: By

11



road, by rail, by sea or by air. When an area has the option to use all four
transportation modes it is characterized by full spatial continuity. Every
mode that is excluded from use makes accessibility difficult and reduces the
level of the region’s spatial continuity. The area’s Spatial Continuity Index

SCI, expresses this level.

The outline of a methodology that can be used to estimate the Spatial
Continuity Index is given below:

For the areas that may have access to all four transportation modes we
estimate the percentage of relative use for each of those (i.e. volume of
goods transported through each mode over the total volume of goods
transported). Those percentages express the relative preference of the areas
for the various transport modes and hence the importance of each transport
mode for an area’s development. Next, for a given area we calculate its
Spatial Continuity Index as the sum of the percentages corresponding to the
transport modes available in this area. Apparently, if the given area has
access to all four transportation modes its Spatial Continuity Index will be
equal to 1. In most cases however the percentages of use per transport mode,
for the areas that have access to all four transport modes, are not easily
available. In those cases we use instead the percentages per transport mode
for the country as a whole, which are usually available, and we proceed as

described above.

Having already defined the Spatial Continuity Index SCI, and the
Transportation Cost Index TC,.k / we can easily calculate the Accessibility
Index AI,.k" by substituting their values in relationship (2.6). Next, if we use

relationship (2.4) we can get the Location Index LOCI ,k 7 and finally with the
help of (2.1) the Relative Location Index.
Obviously, high values of a region’s RLOCIf mean easy access to

influence centers and thus more chances for growth.

» Availability of land

Measuring land availability is a delicate subject. If the region’s

available for industrial use area, may be considered fixed, as in the case of

12



clearly defined “green belts”, then land availability may be measured as the
fraction of the area which is available for expansion. Generally, however a
region is allowed to expand in order to accommodate any further growth.
Although, the opportunities for expansion are not unlimited, the measure
presented above is meaningless in that case. A more suitable measure would
be the density of population over the total area of the region. High densities
indicate a high degree of urbanization and make further expansion difficult.
Local regulations on land use must also be taken into account, whenever is
necessary. Consequently, the availability of land is expressed through
Relative Land Availability Index, which is defined as the relative inverse

population density ratio:

1
RLAVI, = RAGEYN
POPD,.
where
POP

i

e POPD, =
AREA

is the Population Density if region i,

i

3" POPD,

e POPD,, =-=——— is the Population Density of the typical region,
n

e RILAVI, is the Relative Land Availability Index of region i,
e POP is the Population of the region and

e n is the Total number of regions competing for the attraction of
industrial units.
From the above, we conclude that the higher the value of a region’s RLAVI

the more available land for industries to expand.

> Financial Conditions

The term refers to the level of general economic conditions prevailing
in the region and somehow reflects the standard of living of its inhabitants.
For the purpose of this work the level of the economic conditions in a given

region is measured through the region’s Relative Financial Condition Index
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(RFICI), which is defined as the region’s Relative Gross Domestic Product
per Capita (GDPC).

where

GDPC,

RFICI, = ——°L.
GDPC,,

GDP, . . . ..
GDPC, = POPI is the Gross Domestic Product per Capita of region i,

i

S GDPC,

GDPC,, = is the Gross Domestic Product per Capita of the
n

typical region,
RFICI, is the Relative Financial Condition index of region i,
GDP. is the Gross Domestic Product of region i,

POP, is the population of region i and

n is the total number of regions competing for the attraction of

industrial units.

It is obvious that the higher the value of a region’s RFICI, the better its

financial conditions.

> Housing Conditions

In defining a measure for the housing conditions of a region two

aspects must be considered: housing availability and housing quality. The

former may be expressed as the Relative Housing Availability Index (RHAVTI)

i.e. the relative ratio of the total number of houses available in a region over

the region’s population. The latter can be expressed as the Relative Housing

Quality Index i.e. the relative ratio of the region’s new houses (built after

1919) over its total housing stock. The two indices can are defined as follows:

where

Relative Housing Availability Index (RHAVI)

THS,
PO,
THS,,
POP

ave

RHAVI, =
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RHAVI, is the Relative Housing Availability Index of region i,

THS, is the total number of houses of region i,

POP, is the population of region i,

> THS,
e THS,,K =-2—— is the total number of houses of the typical region,
n
> POP,
e POP,, =% ——is the population of the typical region and
n

n is the total number of regions competing for the attraction of

industrial units.

Relative Housing Quality Index (RHQLI)

NHS,
THS,
NHS,,
THS,,

RHQLI, =

where

e RHQLI, is the Relative Housing Quality Index of region i,

e NHS, is the number of the new houses of region i,

THS, is the total number of houses of region i,

D" NHS,
e NHS,,=-'—— is the number of the new houses of the typical
n
region,
> THS,
e THS,, =-'—— is the total number of houses of the typical region
n
and

n is the total number of regions competing for the attraction of

industrial units.
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By combining the indices described above we get an overall measure
of the housing conditions prevailing in a region. This measure is referred to as
the Relative Housing Conditions Index (RHSCI) and defined as follows:
RHAVI, + RHQLI,

2
Apparently, the higher the value of a region’s RHSCI the better its housing

RHSCI, =

conditions.

» Environmental Conditions

Environment is a unity wherein many elements interact but several of
them may be distinguished: air pollution and water pollution, noise, solid
waste disposal and dereliction of land. For the purposes of this work two
factors, that can easily be measured, are considered: The excessive
industrialization and the heavy use of cars.

The effect of the former on the environment is expressed through the
Relative Industrial Pollution Index and can be defined as the relative ratio of
the total annual electrical consumption in the region over the electrical
consumption for industrial uses only. To be precise:

TELC,

where

e RINPI, is the Relative Industrial Pollution Index of region i,
e TELC, is the Total Electrical Consumption of region i,

e INELC, is the Industrial Electrical Consumption of region i,

Y TELC,
e TELC,, =-'—— is the Total Electrical Consumption of the typical
n
region,
> INELC,
e INELC,,6 =='——— is the Industrial Electrical Consumption of the
n

typical region and
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e »n is the total number of regions competing for the attraction of

industrial units.

The effect of the latter factor (i.e. heavy use of cars) on the
environment is expressed through the Relative Cars Pollution Index (RCAPI)
that is the relative ratio of the region’s population over the total number of
cars available. The definition is given below:

POP,
CAR,
POP,,
CAR,,

RCAPI, =

where

e RCAPI, is the Relative Car Pollution Index of region i,
e POP, is the population of region i,

e CAR, is the number of cars of region i,

> POP,
e POP,, =-‘1— isthe population of the typical region,
n
D CAR,
e CAR,, ==——— is the number of cars of the typical region and
n

e n is the total number of regions competing for the attraction of

industrial units.

By combining those two indices we get an overall measure of
environmental conditions that prevail in a region. This measure is referred to
as the Relative Environmental Conditions Index (RENCI) and is defined as
follows:

RINPI, + RCAPI,

RENCI, =

Obviously, the higher the value of a region’s RENCI the better its

environmental conditions.
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» Social Conditions

In defining the general social conditions profile of a region two major
aspects will be considered: Health and Education.
Health Conditions

The level of health services provided in a region can be expressed by
the relative availability of doctors and beds. The former can be expressed by
the Relative Doctors Availability Ratio RDOAR (i.e. the relative ratio of the
number of doctors available in the region over its population) while the latter
by the Relative Hospital Beds Availability Ratio RHBAR (i.e. the relative
ratio of the number of hospital beds available in the region over its
population). The definitions of the two ratios are given below:

poc,

POP,
DoC,,

POP

ave

RDOAR, =

where

o RDOAR, is the Relative Doctors Availability of region i,
e DOC, is the number of doetors available in region i,

e POP, is the population of region i,

> DocC,
e DOC,, =-=—— is the number of doctors available in the typical
n
region,
> POP,
e POP,, =" is the population of the typical region and

n

e n is the total number of regions competing for the attraction of

industrial units.

HBD,
RHBAR, =2k
'~ HBD,,

POP,,
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where

e RHBAR, is the Relative Hospital Beds Availability Ratio of region i,
e HBD, is the number of hospital beds of region i,

e POP is the population of region i,

> HBD,
e HBD, =— is the number of hospital beds of the typical region,
n
> POP,
e POP,, =" is the population of the typical region and
n

e n is the total number of regions competing for the attraction of

industrial units.

By combining the two ratios defined above we get an overall measure
of the level of Health Services provided in the region. This measure is
referred to as the Relative Health Services Index (RHLSI) and defined as
follows:

RDOAR, + RHBAR,

RHLSI, =
2

Educational Conditions

Similarly, the level of health services provided in a region can be
expressed by the relative availability of teachers and school classrooms. The
former can be expressed by the Relative Teachers Availability Ratio RTHAR
(i.e. the relative ratio of the number of teachers available in the region over
the number of pupils of the region) while the latter by the Relative School
Classrooms Availability Ratio RSCAR (i.e. the relative ratio of the number of
school classrooms available in the region over the number of pupils of the
region). The definitions of the two ratios are given below:

THE,

PUP,
THE,,
PUP,,

RTHAR, =

where
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e RTHAR, is the Relative Teachers Availability Ratio of region i,
e THE, is the number of teachers available in region i,

e PUP, is the number of pupils of region i,

> THE,
e THE, =-'—— is the number of teachers of the typical region,
n
> PUP,
e PUP,, =" is the number of pupils of the typical region,
n

e n is the total number of regions competing for the attraction of
industrial units.

SC,

PUP,
RSCAR, = -
tSC

ave

PUP

ave

where

e RSCAR is the Relative School Classroom Availability Ratio of

region i,

SC, is the number of school classrooms of region i,

e PUP, is the number of pupils of region i,

3 sc,
=1

e SC, ==—— is the number of school classrooms of the typical
n
region,
> PUP,
e PUP,, = is the number of pupils of the typical region,
n

n is the total number of regions competing for the attraction of
industrial units.

By combining the two ratios defined above we get an overall measure
of the level of Education Services provided in the region. This measure is
referred to as the Relative Educational Services Index (REDSI) and defined as

follows:

20



RTHAR, + RSCAR,
2

P

REDSI, =

Finally, by combining the Relative Health Services and Relative
Educational Services Indices we get an overall measure of the level of social
conditions prevailing in the region. This measure is referred to as the Relative

Social Conditions Index and is defined as follows:

RHLSI, + REDSI,
2

RSOCI, =

2.3.2 “Basic Image” as a non-linear function of two conflicting factors

Every region has a double function economic and social. Those two
functions, however, are not always compatible. In contrast, the idea of a
conflict between them is widespread in Urban Literature and one of the most
pressing problems of an industrial region is to achieve a balance between its
economic and social function, “in such a way that the advantages of urban
concentration can be preserved for the benefit of man and the disadvantages
minimized” (Harris and Ullman 1945).

Many examples of that inherent conflict between the industrial and
social development of a region may be given. The construction of a
motorway, for example, may improve the communications of a region and
consequently its industrial potential but at the same time, it may cause a
deterioration of its environmental conditions. Similarly, the use of a large
proportion of the land available, for industrial purposes, may improve the
industrial potential of the region but at the same time it will limit the land
available for houses, open spaces, recreational grounds or else and hence, it
may lower the level of its social conditions. Those were two examples of a
rather direct conflict between the factors influencing the industrial potential
of a region and those influencing the level of its social potential.

More generally, however, a kind of indirect conflict between them may
also be detected. The improvement of both sets of factors depends largely on

the amount of expenditure the region is prepared to place on its one of them.
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Since, however, the budget of a region is always limited, a conflict of
priorities is bound to develop.

On the basis of the preceding analysis, the factors controlling the
“Basic Image” may be divided into two groups, according to whether they
concern the economic or the social function of the region. The factors of the
first group, i.e. Accessibility to Centers of Influence, Land Availability and
Financial Conditions, properly measured and scaled, give a measure of the
true industrial potential of the region. We may call this measure the Economic
Indicator of the region. Similarly, the factors of the second group, i.e.
Housing Conditions, Environmental Conditions and Social Conditions, give a
true measure of the social conditions in the region. We may call this measure
the Social Indicator of the region. The expression of the “Basic Image” of a
region as a function of these two indicators is not accidental. On the contrary
it is consistent with the concept of region as a socio-economic unit. The main
advantage of such an expression is that it may be used to underline, and
eventually describe, the basic conflict that characterizes the development of
an industrial region.

For the purposes of this work, the value of each indicator is expressed
as product of three multipliers, whose values depend on the measures of the
respective factors, as described above.

In the general case, when a quantity Q is expressed as a product of a
number of multiplier, the following formula for the standardization of its

range is used:

O=1/MM,. .M,

where M, =f(,),M, = f{,),...,M,=f(,) are multipliers, obtain as

non-linear functions of measured of estimates variables 1,,/,,...,1,,. If all the

multipliers have the same range of values [a ,b], then the range of their
product is [a" ,b"] and consequently the range of Q is also [a, b]. In certain
cases however the dominance of a particular multiplier needs to be
emphasized. This may be done by increasing its range. In such a case, the
range of the remaining multipliers must be modified, so that the range of their

product remains the same i.e. [a, b].
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In our case, the two indicators, economic and social, may be modified

as follows:
Bl Y(LOCMY(LAVM Y(FICM)
B 2
and
o J(HSCMY(ENCM Y(SOCM)
B 2
where

e El is the Economic Indicator

e Sl is the Social Indicator

e LOCM is the Location Multiplier; a non linear function of the region’s
Relative Location Index (RLOCI)

e LAVM is the Land Availability Multiplier; a non linear function of the
region’s Relative Land Availability (RLAVI)

e FICM is the Financial Conditions Multiplier; a non linear function of
the region’s Relative Financial Conditions Index (RFICI)

e HSCM is the Housing Conditions Multiplier; a non linear function of
the region’s Relative Housing conditions Index (RLAVI)

e ENCM is the Environmental Conditions Multiplier; a non linear
function of the region’s Relative Environmental Conditions Index
(RENCI)

e SOCM is the Social Conditions Multiplier; a non linear function of the

region’s Relative Social Conditions Index (RSOCI)

The quantification of relationships that cannot be measured directly,
like the relationship between the indices and multipliers mentioned above, is
always problematic and open to discussion. For the purposes of this work, the
quantification has been based on available data but also on assumptions
consistent with generally accepted views expressed in urban literature. The
non linear function, mentioned above, which describes the relationship

between indices and multipliers is defined below:
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Multiplier = f(x) Index (x)
X 0<x<1
0.6(x-1)+1 1<x<1.5
(x-1.5)+1.3 1.5<x<2
0.4(x-2)+1.8 2<x<2.5
2 x>2.5
Table 2.1

Relationship between Index and Multiplier
2,5
2 /"'/ 5 !
2L 15
=3
S 1
=
0,5
0
0 0,5 1 1,5 2 2,5 3
Index
Figure 2.1

It is obvious (Figure 2.1) that the range of all the multipliers is [0, 2].
Consequently, as mentioned before, the range of the Economic and the Social

Indicator as defined above will be [0,1].

2.3.3 The “Basic Image” equation

The “Basic Image” of a region has so far been defined as a function of

two conflicting indicators. This section is concentrating on the problem of the
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theoretical shape of the graph of the “Basic Image”. This is a graph of a
function of two variables and it must therefore be a three dimensional one. In
order to get a first feeling of the shape of that graph, we start by stating the
following three simple observations.

I. The increment of the Economic Indicator of a region means
improvement of its “Basic Image” and increment of its
attractiveness.

II. The decrement of the Social Indicator of a region means
deterioration of its “Basic Image” and decrement of its
attractiveness.

III. If the Economic Indicator of a region continuously increasing but at

the same time its Social Indicator continuously decreasing, the

“Basic Image” of that region may be either attractive or repulsive

and sudden changes, from one state to the other, should be expected.

Observations (I) and (II) describe situations where the two indicators act

separately and independently of each other. On the contrary, observation (III)

describes certain effects that may be expected when both indicators are acting

together. Observation (III) is the most interesting because it implies that this
function is probably non linear and discontinuous.

A mathematical theory called “Catastrophe theory” (René Tom),
which analyzes discontinuous processes, has been used for the study of this
function. This theory is derived from topology and is based upon some new
theorems in the geometry of many dimensions, which classify the ways in
which discontinuities may occur, in terms of a few archetypal forms, called
elementary catastrophes. Although, the underlying mathematics are difficult
and the proofs of the theorems involved complicated, the elementary
catastrophes themselves are relatively easy to understand and can be used
profitably, by non-experts in the subject. In the case, for example, of a
process X that depends of two variables A, B it is sufficient to know that a
theorem exists, giving the quantitative shape of a three dimensional surface,
which shows all possible ways in which a discontinuity may occur. The
surface is called “Cusp Catastrophe Surface” and its equation is:

X}-B X-A'=0
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Where A’=f(A) and B’=f(B) are functions of the variables A and B
respectively (Tom 1975, Zeeman 1973, Isnard and Zeeman 1976).

Returning to the present case, it is reminded that the “Basic Image” of
a region has been defined as a function of two conflicting variables (i.e.
Economic and Social Indicator). Furthermore it has been proved (Angelis
1978) that “Basic Image’s” graph is discontinuous, as exactly empirical
evidences has shown, and additionally that its graph is qualitatively

equivalent to the Cusp Catastrophe graph (Figure 2.2).

M ractive— |
= KFM-F"'} E secton
Bazic Image \*\ :
Surface, (P) - M
Tl
Repulsive
gection o —
___,__,__‘——'—'—“_'_7
‘Control .8
Space, (G)
Basic
Image, i
Social
Indicator, p
Industrial Indicator, o

Figure 2.2

Consequently, the value i, of a region’s “Basic Image”, at each point of

time, is given as the solution of the following equation:

iP~bi—a=0
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This equation is called equation of the “Basic Image”.
where
e a=m(a-a)t(P-Bo)
If m<1 (i.e. 6<45°)
e b= (a-0)) —m(p-Po)
And

1
e a= (a-a,)*+ —(B-Bo)
m
If m>1 (i.e. 6>45°)

e b_-l(a'ao) (ﬂ Bo)
m

e a,p measure the Economic and Social Indicator of a given area
respectively

® «,,B, measure the Economic and Social Indicator of the typical area
respectively and

¢ m represents the slope of the cusp axis.

The slope of the cusp and the values of m are discussed in the next session.

In the following part, we simply discuss the graph shown in Figure 2.2
that represents a random position of the cusp KLM. The position of the cusp
in this case is only indicative. The trajectory of an area’s “Basic Image” lies
on the surface P. As long as the trajectory remains on the upper section of
this surface, the area is attractive while if the trajectory moves on the lower
part, the region becomes repulsive. The point K(a,,Bo) is the vertex of the
cusp. T;T, and T3T4 are typical trajectories of an area’s “Basic Image” while
T,T, and T,T, are their projections on the two-dimensional control space G.
The line KL is the locus of breaking points for areas undergoing sudden loss
of their attractiveness while the line KM is the locus of turning points for
cities going through a phase of sudden increase of attractiveness. K L', KM’
are the projections of KL, KM on the control space and KN’ is the projection

on G of the cusp axis.
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2.3.4 Changes in the position of the cusp

The position of the cusp depends in general on the position of its
vertex K(a,,8,) and on the slope m = tan® of its axis. In the present case,
however, a, and B, have been defined in such a way so that can be considered
constant over a period of time. Hence, the position of the cusp depends only
on the slope, m, of its axis. This slope expresses the relative influence, on the
development of an area, of factors controlling its economic viability and
efficiency, as compared to the influence of factors controlling its quality of
life. In other words, m expresses the relative weight attached to each one of
the indicators (Economic and Social) in defining the area’s “Basic Image”.
Empirical evidences suggest that those weights change over time and that
their changes are, to a great extent, due to the general shift in the focus of
society “ from supply to demand, from problems of production to problems of
consumption and of welfare in the widest sense.” (Rostow 1960). During the
early stages of a country’s industrialization, the Economic Indicator is by far
the dominant factor in defining the “Basic Image” and “those elements in ...
the individualist-utilitarian creed which do not lead to a maximization of
output are relatively suppressed”. As the country approaches a stage of
maturity, however, “these more human objectives assert themselves with
increased force”. The social Indicator gains in importance and “ men are
prepared, in a sense, to take risks with the level of output and the incentives
in the private sector in order to cushion the hardships of the trade-cycle; in
order to increase social security; in order to redistribute income; in order to
shorten the working day; and generally to soften the hardness of a society
hitherto geared primarily to maximizing industrial output” (Rostow 1960).

Summarizing, we can say that the value of m=tan(6) changes in
general over time and indeed decreases as the industrialization and
development of a country progresses. A detailed analysis of the process of
cusp movements involves firstly quantifying the general social changes over
time in the country where the region under study belongs and then defining
how those changes affect the relationship between the two indicators

controlling the “Basic Image” of the region.
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2.4 “Specific Image”

2.4.1 Introduction

In the previous section (2.3), we presented the factors that impact on a
region’s “Basic Image” as well as ways of measuring it. As it has already
mentioned, the “Basic Image” of a region, measures the degree to which this
region satisfies the common for all movers set of basic criteria. On the
contrary, “Specific Image”, as perceived by a particular group of potential
movers, measures the degree to which those movers consider the region as
their best final choice. In this section (2.4) we are going to discuss the
concept of an area’s “Specific Image”. The potential movers can be classified
in two groups: Industries and Employees. Furthermore industries can be
classified in new, mature and declining while employees in professionals,
skilled and unskilled workers. However for the purposes of this work we limit

our analysis to the two basic groups, i.e. industries and employees.

2.4.2 Factors controlling the “Specific Image” and wavs of measurement

2.4.2.1 The case of industries

The specific factors controlling the “Specific Image” as perceived by

industries are:

[3

e “Basic Image”
The concept of “Basic Image”™ has already been defined and studied in

detail in section (2.3).

e Labor Availability

As a measure of availability of labor of a region, for each group of
active employees, we can use the ratio of the total number of economically
active individuals of that region, belonging to this group, over the number of
the available jobs for them. A weighted average of all those ratios, referred to

as the Labor Availability Index, gives the overall picture. Obviously, a value
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larger than one of that ratio reflects lack of opportunities for work while a
value smaller than one, sufficiency of available jobs.

e Labor Quality

The labor quality of an area is not an easily measurable factor. We
suggest the following method: As we had mentioned before, economically
active persons could be classified, by considering their education and
training, into professionals, skilled and unskilled workers. In addition, we
define a scale of coefficients of “contribution” of the members of each group
to the quality of the labor of the region. Professionals have the larger
coefficient, skilled worker have a smaller one while unskilled workers have
the smallest one. Based on this scale and on the distribution of the labor of a
region, we compute the Labor Quality Index of that region. Large values of
that index mean high percentage of professionals and skilled worker over the
total number of economically active individuals.

o Financial Incentives for Industries

Financial incentives, which play a directly and important role on the
mobility of industries, may take the form of low interest loans, subsidies,
grants and tax reductions. As a measure of the financial incentives that a
region provides could be considered the Financial Incentives for Industries
Index i.e. the percentage of tax reduction or the percentage of subsidy for

industries that move to that region.

Hence, the “Specific Image” of an area as perceived by industries may

be expressed as a function of four multipliers as follows:

SPIMI = J (BIMY(LBAVM)(LBQLM )(FINIM)
where
e SPIMI is the “Specific Image” as perceived by Industries,

e BIM is the “Basic Image” Multiplier; a non linear function of the

area’s “Basic Image”,

e LBAVM is the Labor Availability Multiplier; a non linear function of

the area’s Labor Availability Index,
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e LBQLM is the Labor Quality Multiplier; a non linear function of the
area’s Labor Quality Index,

e FINIM is the Financial Incentives for Industries Multiplier; a non

linear function of the area’s Financial Incentives for Industries Index.
All the above mentioned indices, the respective multipliers and the

existing relationships between them have been studied in full detail in some

earlier work (Angelis 1981, 1990).

2.4.2.2 The case of employees

The specific factors controlling the “Specific Image” as perceived by
employees are:

e “Basic Image”

The concept of “Basic Image” has already been defined and studied in
detail in section (2.3).

o Job Availability

Such as the case of Labor Availability, as a measure of the availability
of jobs of a group of a region, we could use the ratio of the total number of
economically active individuals of the region of that group, over the number
of the available jobs for them. A weighed average of all those ratios, which is
referred to as the Job Availability Index, gives the overall picture. A value
larger than one of that ratio reflects lack of opportunities for work while a
value smaller than one, sufficiency of available jobs.

e Job Prospects

The Job Prospects of an area, such as salaries or opportunities for
advancement, is not an easily measurable factor. We suggest the following
method: As we had mentioned before, industries could be classified, in new,
mature and declining. In addition, we define a scale of coefficients of job
prospects for the above groups. New industries have the larger coefficient;
mature industries have a smaller one while declining industries have the

smallest one. Based on this scale of coefficients and on the distribution of the
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industries of a region, we compute the Job Prospects Index of that region.
Large values of that index mean high percentage of new and mature
industries over the total number of industries in that region.

e Financial Incentives for Emplovees

Financial Incentives could, in some cases, influence the mobility of
employees. As a measure of the financial incentives for employees that a
region provides could be considered the Financial Incentives for Employees

Index i.e. the percentage of tax reduction for the employees.

Hence, the “Specific Image” of a region as perceived by employees

may be expressed as a function of four multipliers as follows:

SPIME =4/(BIM)(JBAVM Y(JBPRM )(FINEM)
where

e SPIME is the “Specific Image” as perceived by Employees,

e BIM is the “Basic Image” Multiplier; a non linear function of the
area’s “Basic Image”,

e JBAVM is the Job Availability Multiplier; a non linear function of the
area’s Job Availability Index,

e JBPRM is the Job Prospects Multiplier; a non linear function of the
area’s Job Prospects Index,

e FINEM is the Financial Incentives for Employees Multiplier; a non

linear function of the area’s Financial Incentives for Employees Index.
All the above-mentioned indices, the respective multipliers and the

existing relationships between them have been studied in full detail in some

earlier work (Angelis 1981, 1990).
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2.5 Improving an area’s attractiveness

Improving an area’s attractiveness effectively means improving the
“Specific Image’s™ as perceived by the various groups of potential movers,
although the emphasis is usually given to industries as the principal
development generator.

As it can be seen from the definition of the “Specific Image’s” there
are various ways of improving them. The most common are listed below:

e By improving its “Basic Image”

Improvement of the “Basic Image” requires mainly infrastructure
development. This is expected to generate an inflow of potential investors and
eventually lead to an improvement of the specific factors and a self-sustained
growth. Obviously this is an expensive and slow method but on the other hand
efficient and with long lasting effects.

e By improving the specific factors appealing to the member of the
various groups of movers

Improvement of the specific factors, mainly financial incentives but
also job availability and prospects, is probably the most commonly used
method. Its objective is to pull investors into the area hoping that the growth
generated will eventually improve the area’s overall “image”. It is a quick
method but with doubtful long-term results.

e By combination of both
The combination of both the above methods is perhaps the most

efficient of all.
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CHAPTER 3
SURVIVAL ANALYSIS

DEFINITIONS AND PARAMETRIC METHODS

3.1 Introduction

In this chapter, we present survival analysis, a statistical method for
analyzing survival data. We define survival time as a random variable as well
as the concept of censored data. In addition we introduce the functions of
survival time (i.e. Survival, Density and Hazard function) and parametric
ways of estimating and comparing them. The non-parametric case will be the

subject of the next chapter.

3.2 Preliminaries

Survival time can be broadly defined as the time to the occurrence of a
given event. This event can be the development of a disease, response to a
treatment, relapse, or death. Therefore, survival time can be tumor-free time,
the time from the start of treatment to response, length of remission and time
to death. Survival data can include survival time, response to a given
treatment, and patient characteristics related to response, survival, and the
development of the disease.

In the past, the study of survival data has focused on predicting the
probability of response, survival, or mean lifetime, and comparing the
survival distributions of experimental animals or of human patients. In the
recent years, the identification of risk and/or prognostic factors related to
response, survival, and the development of a disease has become equally
important. The survival analysis methods are suitable for application in
industrial reliability, social science and business. Examples of survival data in
these fields are lifetime of electronic devices, components or systems
(reliability engineering), felon’s time to parole (criminology), duration of first

marriage (sociology), length of newspaper or magazine subscription
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(marketing) and workmen’s compensation claims (insurance) and their

various influencing risk or prognostic factors.

3.3 Censored data

Many researchers consider survival data analysis to be merely the
application of two conventional statistical methods to a special type of
problem: parametric if the distribution of the survival time is known to be
normal and nonparametric if the distribution is unknown. This assumption
could be true if the survival times of all the subjects were exact and known.
However, some survival times are not. Further, the survival distribution is
often skewed or far from being normal. Thus there is a need for new
statistical techniques. One of the most important developments is due to a
special feature of survival data in the life sciences that occurs when some
subjects in the study have not experienced the event of interest at the end of
the study or time of analysis. For example, some patients may still be alive or
in remission at the end of the study period. The exact survival times of these
subjects are unknown. These are called censored observations or censored
times and can also occur when individuals are lost to follow-up after a period
of study. There are three types of censoring.

e Type Il Censoring

Animal studies usually start with a fixed number of animals, to which
the treatment is given. Because of time and/or cost limitations, the researcher
often cannot wait for the death of all animals. One option is to observe the
animals for a fixed period of time. Survival times recorded for the animals
that died during the study period are the times from the start of the
experiment to their death. These are called exact or uncensored observations.
The survival times of the other animals are not exactly known but are
recorded as at least the length of the study period. These are called censored
observations. Some animals could be lost or die accidentally. Their survival
times, from the start of an experiment to loss or death, are also censored
observations. In Type I Censoring, if there are not accidental losses, all

censored observations equal the length of the study period.
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For example, suppose that six rats have been exposed to carcinogens
by injecting tumor cells into their footpads. The times to develop a tumor of a
given size are observed. The investigator decides to terminate the experiment
after 30 weeks. Figure 3.1 plots the development times of the tumors. Rats A,
B and D develop tumor after 10, 15 and 25 weeks, respectively. Rats C and E
do not develop tumor by the end of the study; their tumor free times are thus
30-plus weeks. Rat F died accidentally without any tumors after 19 weeks of
observation. The survival data (tumor free times) are 10, 15, 30+, 25, 30+ and

19+ weeks. (The plus sign indicates a censored observation.)

Rats
=)

0 5 10 15 20 25 30

Time(weeks)

Figure 3.1 An example of type I censored data

Raits
=)

\

X

0 5 10 15 20 25 30 35

Time{weelks)

Figure 3.2 An example of type Il censored data
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e Type Il Censoring

Another option in animal studies is to wait until a fixed portion of the
animals have died, say, 80 of 100. In this case, if there are no accidental
losses, the censored observations equal the largest uncensored observation.
For example, in an experiment of six rats (Figure 3.2), the investigator may
decide to terminate the study after four of the six rats have been developed
tumors. The survival tumor-free times are then 10, 15, 35+, 25, 35 and 19+

weeks.

e Type III Censoring

In most clinical studies the period of study is fixed and patients enter
the study at different times during that period. Some may die before the end
of the study; their exact survival times are known. Others may withdraw
before the end of the study and are lost to follow up. Still others may be alive
at the end of the study. For “lost” patients, survival times are at least from
their entrances to the last contact. For patients still alive, survival times are at
least from entry to the end of the study. These last two kinds of observations
are censored observations. Since the entry times are not simultaneous, the
censored times are also different. For example, suppose that six patients with
acute leukemia enter a clinical study during a total study period of one year.
Suppose also that all six respond to treatment and achieve remission. The
remission times are plotted in figure 3.3. Patients A, C and E achieve
remission at the beginning of the second, fourth and ninth months and relapse
after four, six and three months, respectively. Patient B achieved remission at
the beginning of the third month but is lost to follow up four months later; the
remission duration is thus at least four months. Patients D and F achieve
remission at the beginning of the fifth and tenth month, respectively, and are
still in remission at the end of the study; their remission times are thus at least
eight and three months. The respective remission times of the six patients are
4, 4+, 6, 8+, 3 and 3+ months.

Type I and Type II censored observations are also called singly
censored data and Type III progressively censored data by Cohen (1965).

Another commonly used name for Type lII censoring is random censoring.
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All of these types of censoring are right censoring or censoring to the right.
When there are no censored observations, the set of survival times are

complete.

A

Raits
joed

1 2 3 4 £ [ 7 8 9 10 11 1% Endof

Time(weeks) study

Figure 3.3 An example of type III censored data

3.4 Functions of survival time

3.4.1 Introduction

Survival times, as it has already been mentioned, are data that measure
the time to a certain event such as failure, death, response, relapse, the
development of a given disease, parole or divorce. These times are subject to
random variations and like any random variable form a distribution. The
distribution of survival times is usually described or characterized by three
functions: The survivorship function, the probability density function and the
hazard function. These three functions are mathematically equivalent; if one

of them is given, the other two can be derived.
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3.4.2 Definitions

Let T denote the survival time. The distribution of T can be

characterized by the following three equivalent functions:
e Survivorship function (or Survival function)
This function, denoted by S(t), is defined as the probability that an
individual survives longer than t
S(t) = P(an individual survives longer than t) = P(T>t) 3.1)
From the definition of the cumulative distribution function F(t) of T,
S(t) = 1 — P(an individual fails before time t) = 1 - F(t) 3.2)
Here S(t) is a nonincreasing function of time t with the properties
S(t)=1 fort—>0
and S(t)=0 fort—ow
that is, the probability of surviving at least at the time zero is one and that of
surviving an infinite time is zero.

The function S(t) is also known as the cumulative survival rate. To
depict the course of survival, Berkson (1942) recommended a graphic
presentation of S(t). The graph of S(t) is called the survival curve. A steep
survival curve represents low survival rate or short survival time. A gradual
or flat survival curve represents high survival rate or longer survival time.
The survivorship function or the survival curve is used to find the 50"
percentile (the median) and other percentiles (e.g., 25™ and 75'™) of survival
time and to compare survival distributions of two or more groups. The mean
is usually used to describe the central tendency of a distribution, but in
survival distributions the median is often better because a small number of
individuals with exceptionally long or short lifetimes will cause the mean
survival time to be disproportionately large or small.

In practice, if there are no censored observations, the survivorship
function is estimated as the proportion of patients surviving longer than t:

number of patients surviving longer than t

S = (3.3)

total number of patients

where the circumflex denotes an estimate of the function. When censored
observations are present, the numerator of (3.3) cannot always be determined.

For example, consider the following set of survival data: 4, 6, 6+, 10+, 15,
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and 20. Using (3.3), we can compute 3'(5)=£=0.833. However, we cannot

6

obtain S‘(l 1) since the exact number of patients surviving longer than 11 is

unknown. Either the third or the fourth patient (6+ and 10+) could survive
longer than of less than 11. Thus, when censored observations are present,
(3.3) is no longer appropriate for estimating S(t). Non parametric methods of

estimating S(t) for censored data will be discussed in Chapter 4.

e Probability density function (or density function)

Like any other continuous random variable, the survival time T has a
probability density function defined as the limit of the probability that an
individual fails in the short interval t to t+At per unit width At, or simply the
probability of failure in a small interval per unit time. It can be expressed as

P{an individual dying in the interval (t, t + A¢)}

@) =lim N

,At—>0 (3.4)

The graph of f(t) is called the density curve. The density function has
the following two properties:
1. f(t) is a nonnegative function:
f@®) =0 forall 120
f() =0 for t<0
2. The area between the density curve and the t axis is equal
to one. In practice, if there are no censored observations, the probability
density function f(t) is estimated as the proportion of the patients dying in an
interval per unit width:

number of patients dying in the interval beginning at time t
(total number of patients)(interval width)

fo= (3.5)

Similar to the estimation of S(t), when censored observations are
present, (3.5) is not applicable. We will discuss an appropriate method in
Chapter 4.

The proportion of individuals that fail in any time interval and the
peaks of high frequency of failure can be found from the density function.
The density curve in figure 3.4 (a) gives a pattern of high failure rate at the

beginning of the study and decreasing failure rate as time increases. In figure
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3.4 (b), the peak of high failure frequency occurs at approximately 1.4 units
of time. The proportion of individuals that fail between 1 and 2 units of time
is equal to the shaded area between the density curve and the t axis. The

density function is also known as the unconditional failure rate.

0 )

1.0 1.0+

i o

0 1 2 3 t 0 1 2 3 t
(a) ®)

Figure 3.4 Two examples of density curves

e Hazard function
The hazard function h(t) of survival time T gives the conditional
failure rate. This is defined as the probability of failure during a very small
time interval, assuming that the individual have survived to the beginning of
the interval, or as the limit of the probability that an individual fails in a very
short interval, t to t + At per unit time, given that the individual has survived
to time t:

P{an individual of age t failsin the time interval (t, t + Ar)}
At

The hazard function can also be defined in terms of the cumulative

h(z) = lim At—>0 (3.6)

distribution function F(t) and the probability density function f(t):

_ f®
h(t) = =) (3.7)

The hazard function is also known as the instantaneous failure rate,
force of mortality, conditional mortality rate and age-specific failure rate. It is
a measure of the proneness to failure as a function of the age of the individual
in the sense that the quantity At*h(t) is the expected proportion of age t

individuals who will fail in the short time interval t to t + At. The hazard
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function thus gives the risk of failure per unit time during the aging process.
It plays an important role in survival data analysis.

In practice, when there are no censored observations, the hazard
function is estimated as the proportion of patients dying in an interval per unit

time, given that they have survived to the beginning of the interval:

number of patients dying in the interval beginning at time t

h(r) =
© (number of patients surviving at t)(interval width)

_ number of patients dying per unit time in the interval

: = (3.8)
number of patients surviving at t

Actuaries usually use the average hazard rate of the interval in which
the number of patients dying per unit time in the interval is divided by the

average of survivors at the midpoint of the interval:

number of patients dying per unit time in the interval

h(f) = (3.9)

(number of patients surviving at t) - % (number of death in the interval)

The actuarial estimate in (3.9) gives a higher hazard rate than (3.8) and thus a
more conservative estimate.

The hazard function may increase, decrease, remain constant or
indicate a more complicated process. Figure 3.5 plots several kinds of hazard
functions. For example, patients with acute leukemia who do not respond to
treatment have an increasing hazard rate h;(t), hy(t) is a decreasing hazard
function that, for example, indicates the risk of soldiers wounded by bullets
who undergo surgery. The main danger is the operation itself, and this danger
decreases if the surgery is successful. An example of a constant hazard
function, h;(t), is the risk of healthy individual between 18 and 40 years of
age whose main risks of death are accidents. The so-called bathtub curve,
ha(t), describes the process of human life. During an initial period the risk is
high (high infant mortality). Subsequently, h(t) stays approximately constant
until a certain time, after which it increases because of wear-out failures.

Finally patients with tuberculosis have risks that increase initially, and then
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decrease after treatment. Such an increasing then decreasing hazard function
is described by hs(t).

hit)
WD
\( / -
XS /
3 h3(t)
LY
hS()
h3{t)
0 t

Figure 3.5 Examples of the hazard function

The cumulative hazard function is defined as
H() = Ih(x)dx (3.10)
It will be shown in section 3.4.3 that
H(t) = -log.S(t) (3.11)
Thus, at t=0, S(t)=1 and H(t)=0 while at t=o0, S(t)=0, H(t)=w. The

cumulative hazard function can be any value between zero and infinity.

3.4.3 Relationship of the survival functions

The three functions defined in Section 3.4.2 are mathematically
equivalent. Given one of them, the other two can be derived. The method is
given bellow:

1. From (3.2) and (3.7),

0]

"0=50

(2.12)

This relationship can also derived from (3.6) using basic definitions of

conditional probabilities.
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2. Since the probability density function is the derivative of the

cumulative distribution function,

f(t)=%[1—S(t)]=—S'(t) (3.13)
3.  Substituting (3.13) into (3.12) yields
_ S0 __4d
h(t) = S log, S(?) (3.14)

4. Integrating (3.14) from zero to t and using S(0)=1, we have
_ [ h(x)dx = log, S(f)

or

H(t)=—log, S®)

or

() = e HO = ¢ b (3.15)
5. From (3.12) and (3.15) we obtain

f(®) =h()e™O (3.16)

Hence, if f(t) is known, the survivorship function S(t) can be obtained
form the basic relationship between f(t), F(t) and (3.2). The hazard function
can be then determined from (3.12). If S(t) is known, f(t) and h(t) can be
determined from (3.13) and (3.12), respectively or first h(t) can be derived
from (3.14) and then f(t) from (3.12). If h(t) is given, S(t) and f(t) can be
obtained respectively, from (3.15) and (3.16). Thus, given any one of the

three survival functions, the other two can easily be derived.

3.5 Parametric methods for estimating survival distributions

3.5.1 The Exponential distribution

The exponential distribution has the following density, survivorship

and hazard functions:
fOy=1e* 20,20 (3.17)

S(t)y=e™* t>0 (3.18)
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h(t)=A4 t>0 3.19)
Obviously, the exponential distribution is characterized by one parameter,
namely A. The estimation of A by maximum likelihood methods for data
without censored observations will be given first followed by the case with

censored observations.

v Estimation of A for data without censored observations
Suppose that here are n individuals in the study and everyone is
followed to death or failure. Let t; ty, ..., t; be the exact survival times of the

n individuals. The likelihood function is
L=]]A™
i=l

and the MLE (Maximum Likelihood Estimator) of A is

n
n
S
i=1

Since the mean p of the exponential distribution is 1/A and the MLE are

A=

(3.20)

invariant under one-to-one transformations, the MLE of p is

2t
=l _; (3.21)
i n

It can be shown that 2n4/u has an exact chi-square distribution with 2n

degrees of freedom (Epstein and Sobel 1953). Since A=1/p and A =1/4, an

exact 100(1-a) percent confidence interval for A is

1.2 2.2
ﬂ'ZZn,l—a/Z <)< A’lZn,a/Z

3.22
2n 2n ( )

where g;,, is the 100a percentage point of the chi-square distribution with 2n
degrees of freedom, that is, P( 122">z22n,a) = a. When n is large (n225, say),

Ais approximately normally distributed with mean A and variance A2/n. Thus,

an approximate 100(1-a) percent confidence interval for A is

/i_ j’Za/2 <)< i+/12a/2

In I

(3.23)
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where Z,; is the 1000/2 percentage point | P(Z>Z4»)=a/2 ] of the standard

normal distribution.
Since 2n zz/p has an exact chi-square distribution with 2n degrees of

freedom, an exact 100(1-a) percent confidence interval for the mean survival

time is
2ni 2nfl
TE < 2 (3.24)
KXanar2 A2nl-al2

v' Estimation of A for data with censored observations

We first consider singly censored and then progressively censored
data. Suppose that without loss of generality, the study or experiment begins
at time zero with a total of n subjects. Survival times are recorded and the
data become available when the subjects die one after the other in such a way
that the shortest survival time comes first, the second shortest second and so
on. Suppose that the investigator has decided, to terminate the study after r of
the n subjects have died and to sacrifice the remaining n-r subjects at that
time. Then the survival times for the n subjects are:

toy Stoy So Sty =t

O =@ =

i T s i
m - Linn

where a superscript plus indicates a sacrificed subject, and thus ¢ is a

censored observation. In this case, n and r are fixed values and all of the n-r
censored observations are equal.

The likelihood function is

r

| K A

T -ty

and the MLE of A is

v

P A— (3.25)

r n-=r

+
Dt T 20
i=1 =1

The mean survival time p = 1/A can be estimated by

. 1 1 r n-r .
A=—==[> t,+>.17] (3.26)
A r3 =1
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It is shown by Halperin (1952) that 2rA/A has a chi-square distribution
with 2r degrees of freedom. The mean and variance of Aare rA/(r-1) and A*/(z-
1), respectively. The 100(1-a) percent confidence interval for A is

1.2 5.2
/IXZr,l—a/Z << /?’ZZr,a/Z

3.27
2r 2r ( )

When n is large, the distribution of A s approximately normal with mean A

and variance A%/(r-1). An approximate 100(1-a) percent confidence interval

for A is

A A~

j-an oy < jo HMan (3.28)
r-1 r—1

Epstein and Sobel (1953) show that 2ria/u has a chi-square
distribution with 2r degrees of freedom. Thus a 100(1-a) percent confidence
interval for p (see also Epstein 1960b) is

2ri 2ris

< 13 <
2 2
l2r,a/2 IZr,l—a/2

(3.29)

They also develop test procedures for the hypothesis H,: p=p, against the

alternative H;: u<p, One of the rules of action is to accept H, if 4>c and
reject H, if i <c, where C=(l‘olzzra)/2” and a is the significance level. Or if
the estimated mean survival time calculated from (3.26) is greater than c, the

hypothesis H, is rejected at the a level.

3.5.2 The Weibull distribution

The Weibull distribution has the density function:
(@) =yt e t>0,y>0,A>0 (3.30)
The MLE of the parameters A and y involves equations to be solved
simultaneously. Numerical methods such as the Newton-Raphson iterative

procedure can be easily be applied. We shall begin with the case where no

censored observations are present.

v Data without censored observations
Let ty, t3, ..., t, be the exact survival times of n individuals under

investigation. If their survival times follow the Weibull distribution, the MLE
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of A and y in (3.30) can be obtained by solving the following two equations

simultaneously:

n-A3t =0 (3.31)
=1

’z + nlog, A+ Zloge - iiztf(loge A+ log,t)=0 (3.32)
}/ i=1 =1

v'  Data with censored observations
We first consider samples with singly censored observations. The data

consist of r exact survival times t(;) <ty <... <t() and n-r survival times that

+

are at least t), denoted by 7,

We use the fact that Y=log.T has a normal

distribution with the mean p and variance o”. Estimates of p and o’ can be
obtained from transformed data y; = loget;. Many authors have investigated the
estimation of p and o, for example, Gupta (1952), Sarhan and Greenberg
(1956, 1957, 1958, 1962), Saw (1959) and Cohen (1959,1961).
The best linear estimates of p and o proposed by Sarhan and Greenberg are
linear combinations of the logarithms of the exact survival times:

a= Zr:ai log, ¢, (3.33)

=

and
&= blog,1, (3.39)
=1

where the coefficients a; and b; as well as the variance and the covariance of

i and & are calculated by Sarhan and Greenberg for n<20 (Lee, E.T. (1992),
Statistical Methods for Survival Data Analysis, Wiley, New York).

3.5.3 The Gamma distribution

The density function of the Gamma distribution is

,{ 7-1 At
f(t)—m(/u) e t20, A,y>0
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where x" e dx

© ey 8

I'(y) =
(y-1! If y is an integer
In this section we discuss the MLE of A and y for data with no censored

observations and data with singly censored observations.

v Data without censored observations
Suppose that the n individuals under study are followed to death and

their exact survival times t;, t,  t, are known. The MLEs of A and y can be

obtained by solving simultaneously

2Nt =0 (3.35)
A 3
and
nlog, A— %;7)) + log, 1, =0 (3.36)
i=1

where I''(7) is the derivative of I'(),

T'(y) = f " log, (xe ™ )dx (3.37)
From (3.35) we have

Y

i1z
S
=1

On eliminating A, we substitute (3.38) into (3.36) and obtain

t.
)

——-log,y—log, —~—= (3.39)

n

() 3

(3.38)

to solve for . This can be done by iterative procedures such as the Newton-
Raphson method. Tables for the solution of (3.39) for 7 as a function of R are

given by Greenwood and Durand (1960), where R is the ratio of the geometric

mean to the arithmetic mean of the n observations.
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(3.40)

Wilk et al. (1962a) show that the relationship between 7 and 1/(1-R) is linear.
A table of values of y as a function of 1/(1-R) given in their paper is

reproduced in Lee, E.T. (1992), Statistical Methods for Survival Data
Analysis, Wiley, New York. Thus if R and 1/(1-R) are computed from the

sample, a MLE of y can be found. For values not tabulated linear interpolation

can be used. Having 7 so determined, A can be obtained from (3.38).

v Data with censored observations

When data are singly censored, the survival times can be ordered as
=t —eee = o
Ly Sty S Sy =ty = =1

where r individuals in the study have exact survival times recorded and n-r
others have their lives terminated after the r'" death occurs. In this case the

maximum likelihood procedure became much more complicated.
Let n=At(y , P=[l—[ti]l/’/t(,) and S=Zt,/rt(,). The MLEs of n and ¥y
i=1 =1

can be obtained by solving simultaneously

loge P:M)___’lloge n_(E_l)M (3.41)
) - r J(y.n)
and
S=-7-—1(2—1) ¢ (3.42)
n n\r J(y,n)
where
J(y,my= [t e dt (3.43)
0 T -1 —nt
J(rom) = I (rm) = [ log, te dr (3.44)
/4 i
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Wilk et al. (1962a) generate, for a grid of values of P and S and n/r, tables of
values of 7 and 4 =y/7 based on the solutions of (3.41) and (3.42). (Lee,

E.T. (1992), Statistical Methods for Survival Data Analysis, Wiley, New
York). Thus, to find 7 and A one needs to compute P and S first. For specific
values of P, S and n/r, ¥ and 4 may be found (Lee, E.T. (1992), Statistical
Methods for Survival Data Analysis, Wiley, New York). Then Acan be
obtained fromi:ﬁ/[,&t(,)]. Interpolations may be needed when any of the

values of P, S and n/r are not tabulated.

3.5.4 Tests of Goodness-of-fit

After of estimating the various parameters of each distribution and
thus, obtain a certain distribution, we can check if this distribution fits well to
our data. A statistical test should be used. A statistical test involves
calculation of a test statistic from the data and the probability of obtaining the
statistic if the correct distribution is chosen. If the probability of obtaining the
calculated statistic is low, we conclude that the assumed distribution doesn’t
provide an adequate to the data. This procedure allows us to reject an
inadequate distribution but never allows us to prove that the distribution is
correct. It gives us a probabilistic statement about the assumed distribution.
The outcome of a statistical test of hypothesis depends on the amount of data
available; the more data there are, the better are the chances of rejecting an
inadequate distribution.

Let F(t) be the underlying distribution of the data. The general null
hypothesis is

H, : F(t) = Fo(t)
where Fy(t) is a specific distribution. The most widely used test of goodness-
of-fit is the chi-squared test introduced by Karl Pearson in 1900. It can be
used to test any distributional assumption.

To use the chi-square test, the data have to be grouped into categories
or “cells”. The observed frequencies in the cells are then compared to the
expected frequencies based on the hypothesized distribution. The question to

be asked is whether the observed frequencies deviate significantly from the
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frequencies expected if the hypothesis were true. To answer the question, the
following statistic called chi-squared is used as a measure of how far a sample
distribution deviates from the hypothetical distribution.

5 k O_E 2
X =21:£_E_) (3.45)

where k is the number of cells, O; is the observed frequency in the jth cell, and
E; is the expected frequency in the i' cell if the hypothesized distribution is
true.

It should be apparent, by examining (3.45), that large values of >
result from large differences between the observed and expected frequencies.
A calculated y* value can be very small if the fit is good or very large if the
fit is bad. To determine how large is too large to claim a good fit, we use the
distribution of x*, which happens to be the chi-square distribution with k-r-1
degrees of freedom, where r is the number of parameters needed to be

estimated. Thus, the procedure is to compute the %> value in (3.45) from the

data and compare to the tabulated percentage point x,f_,_l,a. If the computed x*

value exceeds the tabulated value for the selected significance level and the
appropriate degrees of freedom, we conclude that the data are not from the
hypothesized distribution.

The expected frequencies E; in (3.495) is calculated by

Ei = np; (3.46)
Where p; is the probability that an observation will fall into the i cell if the
hypothesized distribution is true. Thus the calculation of p; differs with the
distribution hypothesized and the number of cells k chosen.

There are two ways to determine the number of cells k. First, if the
data are initially arranged in categories or cells, the number of cells and
boundaries of the cells are determined. In this case, if the expected frequency
in any cell is less than 5, the cell should be combined with adjacent cell or
cells so that the expected frequency in the combined cell is at least 5.

If the data are not grouped and consists of a large number of
observations (say 200 or more) Williams (1950) suggests computing the

number of cells by the following formula:
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l:z(n_l)z :]1/5
k=4 == (3.47)

z

where n is the number of observations in the sample, z is the 100a percentage
point of the standard normal distribution and a is the significance level

chosen. For example, if a = 0.05, the 5% point obtained is 1.645. Equation
(3.47) is then

_ 2m-127" s
k—4[-—1.6452 } = alo.74(s 1)’ ] (3.48)

For moderate sample size the rule is to make k as large as possible

subject to the constraint that the expected frequency in each cell is at least 5.
s o 1
A good initial trial is to set k=§n.

Having determined the number of cells k, the cell boundaries ¢,15,...,7;

are determined from the cumulative distribution for the hypothesized

distribution (using the estimated parameters) by solving

1
P(T<t))=—
(T=y P
2
P(T<t))=—
(T <t) :
P(T<t.)= il (3.49)

k
That is, the boundaries are set up in such a way that the probability of
an observation falling into any one of the k cells is 1/k, or
pi=1/k i=1,....k (3.50)
Note that # is the upper bound of the first cell and lower bound of the second
cell, ¢, is the upper bound of the second cell and the lower bound of the third
cell, and so on. The lower bound of the first cell is zero and the upper bound
of the last cell is, theoretically, infinity.

The procedure for the chi-square goodness-of-fit test may be

summarized as follows:
1. Determine the number of cells k.

2. Estimate the parameters of the hypothesized distribution.
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3. Determine boundaries of the k cells using the estimated
parameters of the hypothesized distribution (3.49).

4. Determined the observed frequency in each of the k cells.

5. Determined the expected frequency in each of the k cells
by (3.50) and (3.46).

6. Compute the 3* value by (3.45).

7. Compare the computed x* value with the tabulated percentage points
for a chi-square distribution with k-r-1 degrees of freedom, where r is
the number of parameters estimated in step2. If the computed x* value
exceeds the tabulated value for the appropriate degree of freedom and
significance level, we conclude that the data are not from the

hypothesized distribution.

3.6 Parametric methods for comparing two survival distributions

3.6.1 Introduction

In this chapter 5 we discuss several non-parametric tests for comparing
two survival distributions. If the distributions follow a known model,
parametric tests are more powerful than non-parametric, but their computation
is more tedious. In this section, several parametric tests are presented for the
comparison of two survival patterns that follow the exponential, Weibull or
Gamma distribution. For lognormally distributed survival times, we can use
the fact that the logarithmic transformation of the data, that is, logt;, follows
the normal distribution. Standard tests based on normal distribution can then

be applied.

3.6.2 Comparison of two exponential distributions

Suppose that two survival distributions follow the exponential model
with parameters A; and A, respectively. Two tests can compare the
distributions when neither groups has a guarantee time (i.e., the one-

parameter exponential case): the likelihood ratio test and an F-test suggested
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by Cox (1953). These two tests can test the hypothesis that the two
exponential distributions are equal whether or not the samples include
censored observation. We shall present the tests for progressively censored

data only since the singly censored and uncensored data are special cases.

v" The likelihood ratio test

Suppose that there are n; and n; individuals in groups 1 and 2,

+ + +

pasX x, censored in group 1

’i+2 gesey n

respectively, x,,x,,..,x, uncensored and x

and y;,¥;,...y, and y; ..y .,,....y, censored in group 2. Thus, in group 1,

there are r; uncensored and n;-r; censored observations. In group 2, there are
r> uncensored and n,-r; censored observations. If it is known that the survival
times of the two group follow the exponential distribution with density
function f,(f)=Ae ™™, i=1,2, testing the equality of two exponential
distributions is equivalent to testing the hypothesis H, : A;=A,. This is because
the two exponential distributions are characterized by the two parameters A;
and A,. Thus, the null hypothesis is
Ho : M=k=A

Against the alternative hypothesis
Hi Az A

The test statistic for the likelihood ratio test is the ratio of two
likelihood functions (or their logarithms) estimated from the sample data.
Using conventional notations, let A be the likelihood ratio

Ao L)

C L(A,4,) St

The denominator in (3.51) is the likelihood function for the two groups

combined (the individual likelihood function is given in Section (3.5.1) ),

i"l*iﬁ]—fa[gm E:yf]

LA ,A4)=AA2e M 7 . 3.52)
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where il and ):2 are the MLE of A; and A, obtained, respectively, from group
1 and 2. From section (3.5.1)

— i £ (3.53)

le+ le:‘ Zzyi-‘- Zzy:-

i=1 i=n+1 i=1 i=r,+1

.

The numerator in (3.51) is the likelihood function for the combined sample

under the null hypothesis, that is, A; = A, = A,

. n R —j.[ix‘+'ixf+iy,+‘iyf
LA, Ay = e U o 5 (3.54)

where A is the MLE of A obtained from the combined sample,

n+r,

rzlx,- + i e +2r:yi + i}’f
P

i=l i=n+l i=ry+1

A=

(3.55)

It was shown that —2log.A has an approximate chi-square distribution
with one degree of freedom for samples of a least 25 (n, +n, 225) under the
null hypothesis. Thus the hypothesis H, is rejected if —2log.A exceeds the
1000 percentage point le,a’ for the chi-square distribution with one degree of
freedom [ P(-2log.A> 77, )<a ].

If there are no censored observations in the data, (3.51)-(3.55) are also
applicable simply by letting n; = r;, n; = r; and omitting the terms involving
x; and y; .

The likelihood ratio test is primarily for two-sided tests and is difficult
to apply to a one-sided test. It is approximate and should be used with caution
when the sample size is small. The power of the test, similar to other
likelihood ratio tests, is not high. That is, if the likelihood ratio test is used

regularly, one is more likely not to reject the null hypothesis when the two

survival distributions are not equal.
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v" Cox’s F-test for exponential distributions

When it can be assumed that the times to failure are exponentially
distributed in both treatment groups, an F-test suggested by Cox (1953) can
be used to test for treatment differences whether or not censored observations
are present. Suppose we wish to test the hypothesis H, : A = A, against either
the one-sided alternative H, : A; < Ay (or Hy : A; > Ay ) or the two-sided

alternative H3 : A #X;. An efficient test is to take 7,/f,as having an F

distribution with (2r;, 2r;) degrees of freedom, where

rzlxi + ix,*
Pagrl el (3.56)
g
2 ¥y, + 2)’?
f2 =% (3.57)
r

The test procedure are (1) for H, reject H, if ¢, /1,> F.

2n.2n.a ?

(2) for Hj, reject

ow

o lf rl /t2 < F2r,,2r2,l—a s

and (3) for Hs, reject H, if £/5,>F, , ,,0r

1,/1,<F, ;.\ 4, Where a is the significance level and F, is the upper

5.2
100a percentage point of the F distribution with (2r;, 2r;) degrees of
freedom. Similarly, the hypothesis that A;/A; = k can be tested by referring
kt, /t, to the table of the F-distribution.

When there are no censored observations, that is, n; = r;, ny = r, the
second terms of the numerators in (3.56) and (3.57) are zero. Then the test
statistic 7,/f,has an F distribution with (2n;, 2n;) degrees of freedom.

Confidence intervals for the ratio A;/A; can be obtained from the fact
that Af/A,t has the F distribution with (2r;, 2r;) degrees of freedom. It
follows that a 100(1-a) percent confidence interval for the ratio of the two
hazard rates A1/A; is
A L

1 2
F2r1,2r2,1—a/2 < I <tTF2rl,2rz,a/2 (3'58)
2 1

N'lmﬂl

—
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3.6.3 Comparison of two Weibull distributions

If the survival time T has an exponential distribution with the shape
parameter y, then T' has an exponential distribution. Thus, when the
observations in each sample are transformed such that each new observation
is the y'" power of the original observation, the likelihood ratio test and Cox’s
F-test described in section (3.6.2) may be applied. Although Cox’s F-test is
still the most powerful, the transformation requires the knowledge of the
values of v, and y,. Hence, the use of the likelihood ratio test and Cox’s F-test
is limited. In the following, we introduce a two-sample test proposed by
Thomas and Bain (1969) for samples without censoring.

Assume that independent random samples of equal size (n;= n,=n) are

obtained from Weibull Distributions f;(t) and f5(t), where
£ =Ay,(Ay,) e i=1,2 (3.59)
To test the equality of fi(t) and f,(t), it suffices to test y;=y, and A;=A,. If the
hypothesis y,=y, is rejected, we do not need to test the hypothesis A;=A,.If the
hypothesis y1=y; is not rejected, we do need to test A;=A;.
In order to test y;=y>, we use the property of the maximum likelihood

estimator ¥ (Thomas et al. 1969, Thomas and Bain 1969). To test the null

hypothesis H,: vyi=y2 against H;: 7vy;>y,, we wuse the fact that

@y 7, /y,)=7,/7, under H,. The percentage points of 4 calculated

72

from Thomas and Bain 1969. (Lee, E.T. (1992), Statistical Methods for
Survival Data Analysis, Wiley, New York). We compute the MLE of y; and

A

Y2, that is, 7, and 7,, and compare }:’ with percentage points for a given a.
V2
Reject H, in the a level if }:' >]y. For 0>0.50, percentage points 1, can be
V2

found by using the relationship lo =1/1,,4.
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The above procedure can be generalized to test H, : y,=ky, against H, :
v1=k’y2 . For the case when k<k’, the rejection region becomes 7,/7,>kl,,
where a is the significance level.

If the hypothesis H, : y;=y, is rejected, the two Weibull distributions
are not the same. However, if the hypothesis is rejected, then we need to test
the equality of the two scale parameters A; and A;. A test of H, : A;=A, against

H; : A<\, suggested by Thomas and Bain (1969) rejects H, if
1. . n .
G::E(yl +}/2)(10ge A’Z_IOgeA'l)>za (3'60)

where z4 is such that P(G< z,/H,) = 1-a and }7,,?2,3; and /iz are MLEs of y,,

v2, A and Ay, respectively. The percentage points z, calculated by Thomas and
Bain 1969 (Lee, E.T. (1992), Statistical Methods for Survival Data Analysis,
Wiley, New York).

A test of H, : A;=\, against H; : A;>A; can be constructed in a similar
fashion. The critical points z, needed can be obtained by using the fact that z,

e Zl_a.

3.6.4 Comparison of two gamma distributions

Suppose that x;Xj,...,Xn and yi,y2,...,yn are the survival times of
patients receiving two different treatments and that they follow the gamma

distribution with the density function given below

f()= %(ﬂt)’"'e'” t>0, y>0, A>0
Y

Let A; and y, be the parameters of the x population and A, and y; be
those of y population. The x;’s and y;’s are exact (uncensored) survival times.
Under the assumption that y, and y, are known (usually assumed equal), a test
of the null hypothesis H, : A; = A, against H; : A} # X, is available. Let X and

y be the sample mean survival times of the two groups. The test is based on
the fact that x/y has the F distribution with 2ny, and 2ny; degrees of freedom
(Rao 1952). Thus the test procedure is to reject H, at the a level if x/y
exceeds F,, ,,. ,,the 100a percentage point of the F distribution with (2ny,,

2ny;) degrees of freedom. Since the F table gives percentage points for
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integer degrees of freedom only, interpolations (linear or bilinear) are

necessary when either 2ny; or 2ny; is not an integer.
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CHAPTER 4

SURVIVAL ANALYSIS

NON PARAMETRIC METHODS

4.1 Introduction

As it has already been mentioned, in this chapter we focus on the non-
parametric case. Initially, we introduce the Product-Limit method of
estimating survivorship functions, suggested by Kaplan and Meier.
Afterwards we discuss about several tests for comparing two or more
survivorship distributions taking account of possible confounding variables.
At the end of the chapter we discuss about various data types, used in survival
analysis, as well as ways of treating them and finally, the Cox’s Proportional
Hazard Model for identification of prognostic variables is introduced.

Non-parametric or distribution free methods, are quite easy to
understand and apply. They are less efficient than parametric methods when
survival times follow a theoretical distribution and more efficient when no
suitable theoretical distributions are known. Therefore, it is suggested to use
non-parametric methods to analyze survival data before attempting to fit a

theoretical distribution.

4.2 Non-Parametric methods of estimating survival functions

(The Product Limit estimates of survivorship function)

In this section we discuss the Product-limit method of estimating the
survivorship function for uncensored or censored data, suggested by Kaplan
and Meier (1958). Unfortunately, the simple method (3.3) described in
chapter 3 (section 3.4.2) cannot be applied if some of the patients are alive at

the end of analysis and therefore their exact survival times are unknown.
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Let us first consider the simple case where all the patients are observed
to death so that the survival times are exact and known. Let ¢,,7,,...,¢, be the
exact survival times of the » individuals under study. Conceptually, we
consider this group of patients as a random sample from a much larger

population of similar patients. We relabel the n survival times ¢,,¢,,...,f, in
ascending order such that 7,, <7, <..<t, . Following (3.2) and (3.3), the

survivorship function at ¢4 can be estimated as

- n—i 1
S(t(,.))=—n—=1--—~ 4.1)

n
where n-i is the number of individuals in the sample surviving longer than ¢).
If two or more #; are equal (tied observations), the largest i value is used. For

example, if o) = ti3) = Ly then
. . . n—4
S(t(z))=S(t(3))=S(l(4))=—n—

This gives a conservative estimate for the tied observations.
Since every individual is alive at the beginning of the study and no one

survives longer than t,,

~

S(t,,)=1 and S, =0 (4.2)

In practice, .§’(t) is computed at every distinct survival time. We do not

have to worry about the intervals between the distinct survival times in which
on one dies and S‘(t) remains constant. Equations (4.1) and (4.2) show that
S‘(t) is a step function starting at 1 and decreasing in steps 1/n (if there are no
ties) to 0. When S(t) is plotted versus ¢, the various percentiles of survival

time can be read from the graph or calculated from 5’(t). The following
example, illustrates the method:

Consider a clinical trial in which 10 lung cancer patients are followed
to death. Table (4.1) lists the survival times ¢ in months. The function S’(t) is

computed following (4.1) and plotted as a step function in Figure (4.1).
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S(t)

1.0

0.8

0.6

0.4

0.2

0.0

t i S@)
4 1 0.9
5 2 0.8
6 3 0.7
8 4 0.4
8 5 0.4
8 6 0.4
10 7 0.2
10 8 0.2
11 9 0.1
12 10 0.0
Table 4.1
T T | . .
2 6 8 10 12
Months
Figure 4.1

65




The estimated median survival time from Figure 4.1 is 8 months. A more

accurate estimate can be obtained using linear interpolation:

t S(r)
6 0.7
m 0.5
8 0.4
Table 4.2
8-6 8—m

= = m = 7.3 months
04-07 04-0.5

This method can only be applied if all patients are followed to death. If some
of the patients are still alive at the end of the study, a different method of
estimating S(?), such as PL estimate given by Kaplan and Meier (1958), is
required. The rationale can be illustrated by the following example:

Suppose that 10 patients join a clinical study at the beginning of 1988;
during that year 6 patients die and 4 survive. At the end of the year, 20
additional patients join the study. In 1989, 3 patients who entered in the
beginning of 1988 and 15 patients who entered later die, leaving 1 and 5
survivors, respectively. Suppose that the study terminates at the end 1989 and
you want to estimate the proportion of patients in the population surviving for
two years or more, that is, S(2).

The first group of patients in this example is followed for two years

while the second is followed only for one year. One possible estimate, the
reduced sample estimate, is .S“(2) = 1/10 = 0.1, which ignores the 20 patients

who are followed only for one year. Kaplan and Meier believe that the second

sample, under observation for only one year, can contribute to the estimate of

S(2).
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Patients who survived two years may be considered as surviving the
first year and then surviving one more year. Thus, the probability of surviving
two years or more is equal to the probability of surviving the first year and
then surviving one more year. That is,

S(2) = P(surviving first year and then surviving one more year)
which can be written as

S(2) = P(surviving two years given patient has survived first year) x
P(surviving first year) 4.3)
The Kaplan-Meier estimate of S(2) following (4.3) is

.§'(2) = (Proportion of patients surviving two years given they survive

for one year) x (Proportion of patients surviving one year) 4.4)

For the data given above, 1 of the 4 patients who survived the first year
survived two years, so the first proportion in (4.4) is Y. 4 of the 10 patients
who entered at the beginning of 1988 and 5 of the 20 patients who entered at
the end of 1988 survived one year. Therefore, the second proportion in (4.4)
is (4+5)/(10+20). The PL estimate of S(2) is

14+ o075

$(2) = =
@ 410+20

The simple rule may be generalized as follows: The probability of
surviving k£ (= 2) or more years from the beginning of the study is a product

of k observed survival rates

S()=p,p,p; .- Ds (4.5)

where

p1 denotes the proportion of patients surviving at least one year,

p2 denotes the proportion of patients surviving the second year after
they have survived one year

p3 denotes the proportion of patients surviving the third year after they have
survived two years, and

pr denotes the proportion of patients surviving the k™ year after they have
survived k-1 years.

Therefore, the PL estimate of the probability of surviving any particular

number of years from the beginning of the study is the product of the same
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estimate up to the previous year, and the observed survival rate for the

particular year, that is,
Sty =S¢ -1)p, (4.6)
The PL estimates are maximum likelihood estimates.
In practice, the PL estimates can be calculated by constructing a table
with 5 columns following the outline below:

1. Column 1 contains all the survival times, both censored and
uncensored in the order from smallest to largest. Affix a plus sign to
the censored observations. If a censored observation has the same
value as an uncensored, the latter should appear first.

2. The second column, labeled i consists the corresponding rank of each

observation in column 1.

3. The third column, labeled r, pertains to uncensored observations only.
Let r =i.

4. Compute (n-r)/(n-r-1) or p; for every uncensored observation f; in
column 4 to give the proportion of patients surviving up to and then
through ¢,).

5. In column 5, S‘(t) is the product of all values of (n-r)/(n-r+1) up to
and including ¢. If some uncensored observations are ties, the smallest
.§'(t) should be used.

To summarize this procedure, let » be the total number of individuals whose
survival times, censored or not, are available. Relabel the n survival times in
order of increasing magnitude such that ¢, <¢, <...<¢,,. Then

§=T]—— .7

iysth—r+1

where r runs through those positive integers for which 7, <z and ¢, is

uncensored. The values of r are consecutive integers 1,2,...,n if there are no
censored observations. If there are censored observations, they are not. The

estimated median survival time is the 50" percentile, which is the value of t

at .§(t)=0.50. If there are no censored observations (4.7) is equivalent to

(4.1).
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The variance of the PL estimate of .§‘(t) is approximated by

VarlSO1=[SO1. ! (4.9)

~(n—-r)n-r+1)

where 7 includes those positive integers for which ¢, <r and ¢, to a death.

The variance may be used to obtain confidence intervals.
The mean survival time p can be shown to equal the area under the

survival curve. To estimate p, we can use
Q= f§(t)dt
that is, 4 is equal to the area under the estimated survivorship function.

Thus, if the times to death are ordered as ' <¢® <...<¢" (if there are m
uncensored observations) and ™ is the largest observation of all n
observations (i.e. t™ = t(;) when t(, is an uncensored observation), then u can
be estimated as

A=1.000tD + SEO)t® =t D)+ SE@)¢® —tD) 4+ SE™ Y™ —1 ™D (4.10)
which is the sum of the areas of the rectangles under the survival curve
formed by the uncensored observations.

However, if the largest observation in the data is censored and is used
as t™ in (4.10), u so obtained may be a low estimate. In such case Irwin
(1949) suggests that instead of estimating the mean survival time, one should
choose a time limit L and estimate the “mean survival time limited to a time
L”, say uyi; , by using L for ™ in (4.10).

The variance of # is estimated by

a A?
Var(j1) _Z PEEYSE— (4.11)

where r runs through those integers for which ¢, corresponds to a death and 4,
is the area under the curve 5’(t) to the right of ). The k™ 4,, in terms of the
m uncensored observations, is

SE® Y e*D —®) 4 SEED)®D ¢ *NY 4o g S D)™ D) (4.12)
If there are no censored observations, (4.10) reduces to the sample mean

f:Zt,. /n, and (4.11) reduces to
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a2
Var(g)=Var(t) = —Z'—gtl—z—t—)— (4.13)
n

which is not an unbiased estimate. Kaplan and Meier suggest that (4.11) and
(4.13) should be multiplied by m/(m-1) and n/(n-1), respectively, to correct
the bias.

The Kaplan-Meier method provides very useful estimates of survival
probabilities and graphical presentation of survival distribution. It is the
most widely used method in survival data analysis. Breslow and Crowley
(1974) and Meier (1975) have shown that under certain conditions, the
estimate is consistent and asymptomatically normal. However, a few critical
features should be mentioned.

1. The Kaplan-Meier estimates are limited to the time interval in
which the observations fall. If the largest observation is uncensored,
the PL estimate at the time equals to zero. Although the estimate may
not be welcomed by physicians, it is correct since no one in the sample
lives longer. If the largest observation is censored, the PL estimate can
never equal zero and is undefined beyond the largest observation.

2. The most commonly used summary statistic in survival analysis is the
median survival time. A simple estimate of the median can be read

from survival curves estimated by the PL method as the time t at which

§(t)=0.5. However the solution may not be unique. Consider figure

4.2(a) where the survival curve is horizontal at S‘(t) =(0.5; any t value in
the interval t; to t; is a reasonable estimate of the median. A practical
solution is to take the midpoint of the interval as the PL estimate of the
median. Figure 4.2(b) presents a different case in which the
straightforward estimate (7;) tends to overestimate the median. A

practical way to handle this problem is to connect the points and then

locate the median.
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Figure 4.2

3. If less than 50% of the observations are uncensored and the largest
observation is censored, the median survival time cannot be estimated.
A practical way to handle the situation is to use probability of
surviving a given length of time, say one, three or five years or the
mean survival time limited to a given time t.

4. The PL method assumes that censoring is independent of the survival
times. In other words, the reason an observation is censored is
unrelated to the cause of death. This assumption is true if the patient is
still alive at the end of the study period. However, this assumption is
violated if the patient develops severe adverse effects from the
treatment and is forced to leave the study before death or if the patient
died of a cause other than the one under study (e.g. death due to
automobile accidents in a cancer survival study). When there is
inappropriate censoring, the PL method is not appropriate. In practice,
one way to alleviate the problem is to avoid it or to reduce it to a
minimum.

5. Similar to other estimators, the standard error (SE) of the Kaplan-Meier
estimator of S(z) gives an indication of the potential error of S‘(t). The
confidence interval deserves more attention than the point estimate

S(f). A 95% confidence interval for S(?) is S(f) +1.96 SE[S(1)].
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4.3 Non-parametric methods for comparing survival distributions

The problem of comparing survival distributions arises often in
biomedical research. A laboratory researcher may want to compare the tumor
free times of two or more groups of rats exposed to carcinogens. A
diabetologist may wish to compare the retinopathy-free times of two groups
of diabetic patients. A clinical oncologist may be interested in comparing the
ability of two or more treatments to prolong life or maintain health. Almost
invariability, the disease free or survival times of the different groups vary.
These differences can be illustrated by drawing graphs of the estimated
survivorship function, but that only gives a rough idea of the difference
between the distributions. It does not reveal whether the differences are

significant or merely chance variations. A statistical test is necessary.

4.3.1 Comparison of two survival distributions

Suppose that there are n; and n, individuals who receive treatments 1

and 2, respectively. Let x,,...,x, be the r; failure observations and x; X,

B2 R e

the n;-r; censored observations in group 1. In group 2, let y,,...,», be the r;

n
failure observations and y,+2+1,...,y:2 the ny-r; censored observations. That is,

at the end of the study »;-r; individuals who received treatment 1 and n,-r;
individuals who received treatment 2 are still alive. Suppose that the
observations in group 1 are samples from a distribution with survivorship
function S;(¢) and the observations in group 2 are samples from a distribution
with survivorship function S>(#). Then the null hypothesis to consider is
Ho : Si(t) = Sy(t) (treatment 1 and 2 are equally effective)
Against the alternative
Hy: S;(t) > Sy(t) (treatment 1 is more effective than 2)
or
Hy: S;(t) < Sy(t) (treatment 2 is more effective than 1)

or

Hs : S;(t) #S2(t) (treatment 1 and 2 are not equally effective)
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When there are no censored observations, standard non-parametric
tests can be used to compare two survival distributions. For example, the
Wilcoxon (1945) test or the Mann-Whitney (1947) U-test can test the equality
of two independent populations and the sign test can be used for paired (or
dependent) samples (Marascuilo and McSweeney 1977).

In the following we introduce five non-parametric tests: Gehan’s
generalized Wilcoxon test (1965), the Cox-Mantel test (Cox 1959, 1972;
Mantel 1966), the logrank test (Peto and Peto 1972), Peto and Peto ’s
generalized Wilcoxon test (1972) and Cox’s F-test (1964). All the tests are
designed to handle censored data; data without censored observations can be

considered a special case.

4.3.1.1 Gehan’s Generalized Wilcoxon Test

In Gehan’s generalized Wilcoxon test every observation x, or x in

group 1 is compared with every observation y, or y; in group 2 and a score

Uy is given to the result of every comparison. For the purpose of illustration,
let us assume that the alternative hypothesis is H; : S;(®) > S»(t) that is,

treatment 1 is more effective than treatment 2. Define
+1  if x>y, or x>y,
U= |{ 0 ifx=y orx <yory <xor(x,y)
-1 if x,< y, or x, <y}

and calculate the test statistic

nom

w=>>U, (4.14)

=1 =1
where the sum is over all n;n, comparisons. Hence, there is a contribution to
the test statistic W for every comparison where both observations are failures
(except for ties) and for every comparison where a censored observation is
equal to of larger than a failure.
The calculation of W is laborious when n; and n, are large. Mantel
(1967) shows that it can be calculated in an alternative way by assigning a

score to each observation based on each relative ranking. In Gehan’s
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computation each observation in sample 1 is compared with each one in
sample 2. If the two samples are combined into a single pooled sample of
n;+n, observations, it is the same as comparing each observation with the
remaining n; + n; — 1. Let U; , i = 1,...,n;+n;, be the number of remaining
n; + ny — 1 observations that the i observation is definitely greater than
minus the number that it is definitely less than. The n;+n; U; ’s define a finite
population with mean zero and it is true that Gehan’s

W = iU ; (4.15)

i-1

where the summation is over the U; of sample 1 only. From either (4.14) or
(4.15), it is clear that W should be a large positive number if H; is true.
Mantel also suggests that the permutational variance of W be used instead of
the more complicated variance derived by Gehan. The permutational
distribution of W can be obtained by considering all
n, +n, (n, +n,)!
( h, ]z m!n,!
ways of selecting n; of the U; at random. The test statistic W under H, can be

considered approximately normally distributed with mean zero and variance'

n+ny

2
mn, ZU,
=

Var(W) =
(ny +n,)(n, +n,-1)

(4.16)

Since W is discrete, an appropriate continuity correction of 1 is ordinarily
used when there are neither ties nor censored observations. Otherwise, a
continuity correction of 0.5 would probably be appropriate.

Since W has an asymptotically normal distribution with mean zero and

variance in (4.16), z=W /\/Var(W ) has a standard normal distribution. The
rejection regions are z>z,for Hy, z<-z,for H; and |z|> z,,, for H3, where
P(z>z,H,) = a.

The number U; can be computed in two stages. The first stage yields,
for each observation, unity plus the number of remaining observations that it

is definitely larger than, that is, R;, The second stage yields R;, which is

! This is called the permutational variance because it is obtained by considering the permutational
distribution of all (n;+n,)/n,! n,! W ’s.
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unity plus the number of remaining observations that the particular
observation is definitely less than. Then U; = R;; — R;;. The computation of
R;iand R;; can be accomplished systematically in 3 steps. For Ry; :

1. Rank from left to right omitting censored observations

2. Assign next higher rank to censored observations

3. Reduce the rank of tied observations to the lower rank for the value
For Ry; :

1. Rank from right to left

2. Reduce the rank of tied observations to the lowest rank for the value

3. Reduce the rank of censored observations to 1.

4.3.1.2 The Cox-Mantel Test

Let ¢, <---<t,, be the distinct times in the two groups together and

mg;) the number of failure times equal to ¢, or the multiplicity of #;, so that
k
Zm(,.) =n+r 4.17)
i=1
Further, let R(?) be the set of individuals still exposed to risk of failure at time
t, whose failure or censoring times are at least t. Here R(?) is called the risk
set at time ¢. Let n; and n, be the number of patients in R(?) that belong to
treatment groups 1 and 2, respectively. The total number of observations,

failure or censored in R(t) is rgy=n;+nz. Define

k
U los Z‘:m(,.)Am (4.18)
km, (r, —m, )
(i)V ') (i)
I=Z] - 1 4)(1-4,,) (4.19)
- (i)

where r(;) is the number of observations, failure or censored, in R(%.;)) and 4,

is the proportion of r) that belong to group 2. An asymptotic two-sample test

is thus obtained by treating the statistic C=U/ JI as a standard normal
variance under the null hypothesis (Cox 1972).
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4.3.1.3 The logrank Test

Mantel’s (1966) generalization of the Savage (1956) test, often referred
to as the logrank test (Peto and Peto 1972), is based on a set of scores w;
assigned to the observations. The scores are function of logarithms of the
survival function. Altshuler (1970) estimates the log survival function at t

using

—e(t,)=-). ") (4.20)

sty i)
where mg) and rg) are defined in section (4.3.1.2). The scores suggested by

Peto and Peto are w, =1-e(?,,) for an uncensored observation t;) and —e(7T)

for an observation censored at 7. In practice, for a censored observation

t',w,=—e(t,,), where t; is the largest uncensored observation such that

ti) <t!. Thus, the largest uncensored observation, the smaller its score.

Censored observations receive negative scores. The w scores sum identically

to zero for the two groups together. The permutational variance of S is given
by

n+n,

2
mn, 3w

_ =
(el ey Ty *2D

which can be written as

V= {i M) (i) = ’”m)} mh, (4.22)

j=1 Y (ny +n,)(n +n,-1)

The test statistic L=S/./Var(s) has an asymptotically standard normal

distribution under the null hypothesis. If S is obtained from group 1, the
critical region is L>z,, where a is the significance level for testing H, : §;=S;
against H, : §;>8,.

The test statistic S can be shown to equal the sum of the observed
failures minus the conditional expected failures computed at each failure
time, or simply the difference between the observed and expected failures in
one of the groups. A similar version of logrank test is a chi-square test, which

compares the observed number of failures to the expected number of failures
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under the null hypothesis. Let O; and O; be the observed numbers and E; and
E, the expected numbers of death in the two treatment groups. The test

statistic

=(01 _E1)2 +(02 —Ez)z
El Ez

Xx? (4.23)

has approximately the chi-square distribution with one degree of freedom. A
large X value (e.g. 2 X fo_os) would lead to the rejection of the null hypothesis

in favor of the alternative that the two treatments are not equally effective at
a=0.05.

To compute E; and E;, we arrange all the uncensored observations in
ascending order and compute the number of expected deaths at each
uncensored time and sum them. The number of expected death at an
uncensored time is obtained by multiplying the observed deaths at that time
by the proportion of patients exposed to risk in that treatment group. Let d, be
the number of deaths at time ¢ and »;, and n,, be the number of patients still
exposed to risk of dying at time up to ¢ in the two treatment groups. The
expected deaths for groups 1 and 2 at time ¢ are

n

- u -
e, =——d, and e, =—=—(, (4.24)
hy, + Ry ny, + Ry,

n21

Then the total numbers of expected deaths in the two groups are

E = Ze,, and E, = Zez,

allt all t

In practice, we only need to compute the total number of expected
deaths in one of the two groups, for example E;, since E; is the total number

of deaths minus E;.

4.3.1.4 Peto and Peto’s Generalized Wilcoxon Test

Another generalization of Wilcoxon’s two-sample rank test is
described by Peto and Peto (1972). Similar to logrank test, this test assigns a

score to every observation. For an uncensored observation f, the score is

u, =S’(t+)+§'(t—)—1, and for an observation censored at 7, the score is

u, =S(T)—1, where S is the Kaplan-Meier estimate of the survival function.
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If we use the notation of section (4.3.1.2), the score of an uncensored
observation f is u(,)=§(t(i))+.§(t(,_,))—1 and .§(to)=1 and that for a
censored observation ] is u, =,§(t(,. ;)—1, where t,, <t . These generalized

Wilcoxon scores sum to zero. The test procedure after the scores are assigned

is the same as the logrank test.

4.3.1.5 Cox’s Test

Cox’s F-test (Cox 1964) is based on ordered scores from the
exponential distribution. It is for singly censored or complete samples; it is
not applicable to progressively censored data. The procedure is as follows:

1. Rank the observations in the combined sample
2. Replace the ranks by the corresponding expected order statistics in

sampling the unit exponential distribution f(#) = exp(-t).Denote by f,,

the expected value of the r™ observation in increasing order of

magnitude,

LSS Sy 1 S (4.25)
n n-r+l1

where n is the total number of observations in the two samples. In

particular,

1

tln__—
n

t2n=—1—+ ! (4.26)
n n-1

tnn=l+__1_+...+1
n n-1

For n not too large, they can easily be computed by using tables of
reciprocals. When two or more observations are tied, the average of the
scores is used.

3. For data without censored observations the entire set of n observations
is replaced by the set of scores {f,,} so obtained. The sample mean

scores denoted by 7 and f, of the two samples with n; and n;
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observations are then computed. The ratio 7, /7, has been shown to

follow an F distribution with (2n;, 2n;) degrees of freedom. Critical
regions for testing Ho : S;=S, against H;(S5,>S,), H(S;<S;) and

H3(S;#S;) are respectively ¢, /1, >F, /1, < F,, 1. and

m,2n .

1/t > an,.zn,.«z/z or t,/t, <F,

m2n -a /2"

4. The calculation of F is slightly different for singly censored data. Let
r; and r; be the number of failures and »;-r; and n,-r, the number of
censored observations in the two samples. Then, there are p = r;+r;
failures in the combined sample and n-p censored observations. The

mean score, for example, for the first group is

_ont+(n -t
t1=ll (n 1)(,;1) (4.27)

4]

where 7/ is the mean score of the failures. The mean score for the
second group is calculated in a similar way. The F statistic is ¢,/f,,

which has an approximate F distribution with (2r;, 2r;) degrees of

freedom.

This test is for the hypothesis that the two samples are from
populations with equal means. It can also determine if the second population
mean is k times the first population mean, for a given k, by dividing the
observations in the second sample by k before ranking and applying the test.
The set of all values k& not rejected in such a significance test forms a

confidence interval.

4.3.1.6 Comments on the tests

The tests presented in sections (4.3.1.1)-(4.3.1.5) are based on rank
statistics obtained from scores assigned to each observation. The first four
tests are applicable to data with progressive censoring. They can be further
grouped into two categories: generalization of the Wilcoxon test (Gehan’s and
Peto and Peto’s) and the non-Wilcoxon tests (Cox-Mantel and the logrank
test). In the logrank test, if the statistic S is the sum of w scores in group 2, it

is the same as U of the Cox-Mantel test.
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The only reason to choose one test over another in a given
circumstance is if it will be more powerful, that is, more likely to reject a
false hypothesis. When sample sizes are small (n; n,< 50), Gehan and
Thomas (1969) show that Cox’s F-test is more powerful than Gehan’s
generalized Wilcoxon test if samples are from exponential or Weibull
distributions and if there are no censored observations or the observations are
singly censored. Comparisons of Gehan’s Wilcoxon test to several other tests
are reported by Lee et al. (1975). They show that when samples are from
exponential distributions, with or without censoring the Cox-Mantel and
logrank tests are more powerful and more efficient than the generalized
Wilcoxon tests of Gehan and Peto and Peto. There is a little difference
between the Cox-Mantel and the logrank tests and between the two
generalized Wilcoxon tests. When the samples are taken from Weibull
distribution with constant hazard ratio (i.e. the ratio of the two hazard
functions does not vary with time), the results are essentially the same as in
the exponential case. However, when the hazard ratio is non-constant. The
two generalizations of the Wilcoxon test have more power than the other
tests. Thus, the logrank test is more powerful than the Wilcoxon tests in
detecting departures when the two hazard functions are parallel (proportional
hazards) or there is random but equal censoring and when there is no
censoring in the samples (Crowley and Thomas 1975). The generalized
Wilcoxon tests appear to be more powerful than the logrank test for detecting
other types of differences, for example, when the hazard functions are not
parallel and when there is no censoring and the logarithm of the survival time
follows the normal distribution with equal variance but possible different
means.

He generalized Wilcoxon tests give more weight to early failures than
later failures whereas the logrank test gives equal weight to all failures
(Prentice and Marek 1979). Therefore, the generalized Wilcoxon tests are
more likely to detect early differences in the two-survival distribution
whereas the logrank test is more sensitive to differences at the right tails.

There are situations in which neither the logrank test nor the Wilcoxon
tests are very effective. When the two distributions differ but their hazard

functions or survivorship functions cross, neither the Wilcoxon nor the
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logrank test is very powerful and it will be sensible to consider other tests.
For example, Tarone and Ware (1977) discuss general statistics of similar
form (using scores) and Fleming and Harrington (1979) and Fleming et al.
(1980) present a two sample test based on a Smirnov-type statistic designed to
measure the maximum distance between estimates of two distributions. The
latter approach is shown to be more effective than the logrank or Wilcoxon
tests when two survival distributions differ substantially for some range of ¢
but not necessarily elsewhere. These statistics have not been widely applied.

Interested readers are referred to the original papers.

4.3.2 The Mantel and Haenszel test

The Mantel-Haenszel (1959) test is particularly useful in comparing
survival experience between two groups when adjustments for other
prognostic factors are needed. The test has been used in many clinical and
epidemiologic studies as a method of controlling the effects of confounding
variables. For example, in comparing two treatments for malignant melanoma,
it would be important to adjust the comparison for a possible confounding
variable such as stage of the disease. In studying the association of smoking
and heart disease, it would be important to control the effects of age. To use
the Mantel-Haenszel test, the data are stratified by the confounding variable
and cast into a sequence of 2x2 tables, one for each stratum.

Let s be the number of strata, n;; be the number of individuals in group
J»j=1,2 and stratum i, i=/,...,s and d;; the number of deaths (or failures) in
group j and stratum i. For each of the s strata, the data can be represented by a

2x2 contingency table:

Number of | Number of
. Total
deaths survivors
Group 1 d nyi—di, nii
Group 2 d nai— dai ni
TOtal D, SI TI
Table 4.3
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The null hypothesis to be tested can be stated as

Ho : p11 = pi2
P21 = P22
Psi = Ps2

where p;; = P (death | group j, stratum 7). Thus, the test permits simultaneous
comparison over all the s contingency tables of the difference in survival or
death probabilities for the two groups.

The chi-square test statistic without continuity correction is given by

(idn - ZS:E(dli ))

2

= (4.28)
ZVar(d“ )
i=1

where

E(d, )= "D (4.29)
T,

Var(d, ) = TS (4.30)
TAT,-1)

are the mean and variance, respectively, of the number of deaths in group i
computed conditionally on the contingency table marginal totals. This
statistic follows approximately the chi-square distribution with one degree of
freedom. Thus, a computed chi-square value larger than the table chi-square
value for the significance level chosen indicates a significance difference in

survival between the two distributions.

4.3.3 Comparison of k (k>2) samples

In this section the two-sample problem is generalized to as situation in
which the data consist of k£ (k>2) samples, one sample for each of the k&
treatment populations. The problem is to decide whether the k£ independent
samples can be regarded as coming form the same population or, in practical
terms, to see if the survival data from patient receiving the k treatments are
equally effective. This problem has been considered by many statisticians, for

example, Kruskal and Wallis (1952), Mantel and Haenszel (1959), Breslow
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(1970) and Peto and Peto (1972). In this section two non-parametric tests for
the problem are presented. The first is Kruskal and Wallis’s (1952) h-test for
uncensored data. The second is a generalization of the H-test for censored
data (Peto and Peto 1972). Both use ranks instead of the original observations

and are simple to apply.

4.3.3.1 The Kruskal-Wallis Test

The Kruskal-Wallis H-test, analogous to the F-test to the usual analysis
of variance, uses ranks rather than original observations; it is also called the
Kruskal-Wallis one-way analysis of variance by ranks. It assumes that the
variable (survival time) under study has an underlying continuous
distribution.

Let N be the total number of independent observations in the k
samples, n; the number of observations in the 7" sample, j = I, ..., k and t;j the
i"" observation in the j sample. The data can be arranged as in table 4.4. The
null hypothesis H, states that the £ samples come from the same population

(or the k treatments are equally effective).

Table 4.4

In the computation of the Kruskal-Wallis H-test, we first rank all ¥
observations from smallest to largest. Let r; be the rank of #;. Compute for
j=1,..k:

R

Wi _ _
R,=>r,, R=-L and R =%(N+l) (4.31)
i=]

n,

where R; and R , are, respectively the sum of the ranks and the average rank

of the j* treatment and R is the overall average rank. Then the Kruskal-

Wallis H-statistic is
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12 & = =,
H —m;nj(& -R) (4.32)

R?
L _3(N+1) (4.33)
n

N(N 12)Z

J=1

Under the null hypothesis, H has an asymptotic (n;’s approaching infinity or
n,’s are large) chi-square distribution with £-1 degrees of freedom. Thus, for

large n;’s, the approximate test procedure at the a level is to reject H, if

HZ}:(Z,(_U'Q. When k=3 and the number of observations in each of the three

samples is 5 or fewer, the chi-square approximation is not sufficiently close.
For such cases, exact permutational distributions of A and percentage points
of yx are available (Lee, E.T. (1992), Statistical Methods for Survival Data
Analysis, Wiley, New York). The test procedure is to reject Hy if H>y, ,

where xi q satisfies the equation P(H > y, ,|H, )=a.

When there are tied observations, each is assigned the average of the
ranks. To correct for the effects of ties, H is computed by (4.33) and then
divided by

g

1_ r T, (4.34)

J=1

where g is the number of tied groups and T, = tj —1t, with #; being the number

of tied observations in a tied group. In counting g, an untied observation is
considered as a tied group of size 1. Thus, a general expression of H corrected
for ties is

k

12(N 2 ~3(N+1)

R
. 4.35)
2.7,
J
N> -N
Note that when there are no ties, g = N, t;, = 1 for all j, 7, = 0 and (4.35)
reduces to (4.33).

n;
-1
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4.3.3.2 Multiple comparisons based on the Kruskal —Wallis Test

If the null hypothesis that the £ samples are form the same distribution
is rejected, we might ask which particular samples are from different
distributions. In this section we introduce some non-parametric methods for
multiple comparison based on the Kruskal-Wallis rank sums. An excellent
treatment of multiple comparisons is given by Miller (1966).

To decide which treatments differ from one another, there are %2K(K-1)
decisions to make, one for each pair of treatments. The null hypothesis can be
written as

H, : Samples i and j are from the same population
Fori=1,...K-1, j=i+l,...K , i<f

Let the probability of at least one wrong decision when H, is true be

controlled by a and the probability of making all correct decisions when H, is

true be 1-a. To make the %K(K-1) decisions, we introduce the following
comparison procedures.

1. When small sample sizes are equal, that is, n;=n,= ...=ng=n, and n is

small, we reject the hypothesis that the i and j™ samples, i<j, are from

the same distribution if

R -R|2y(a,K,n) (4.36)
where y(o,K,n) (Lee, E.-T. (1992), Statistical Methods for Survival Data
Analysis, Wiley, New York) satisfies the equation

P(|R, - R)|2 y(a.K,n)[Ho, i<j )= 1-a (4.37)
and Ry, R, ..., Ry are given in (4.31).
2. When sample sizes are equal to n and n is large, we introduce Miller’s (1966)

procedure, that is, to reject the hypothesis that the i™ and j™ samples, i<j are

from the same distribution if
|17,. -R j| >q(a,K )(%K(Knﬂ ) (4.38)

where R,,...,R,are given in (4.31) and g(a,K) (Lee, E.T. (1992),
Statistical Methods for Survival Data Analysis, Wiley, New York) is

the upper a percentile point of the range of K independent standard

normal variables.
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3. For cases of small unequal sample sizes n;, n,, ..., ny, a conservative

h

procedure is to reject the hypothesis that the /™ and ;™ samples, are

from the same distribution if
— ) 1 iy
R, =R |2(x,) 2(1-2N(N+1))”2(1/n,. +1/n,)" 7 (4.39)

where » is the total number of observations. Values of x,; are given in
(Lee, E.T. (1992), Statistical Methods for Survival Data Analysis,
Wiley, New York).

4. When n;, n, .., n; are large, Dunn (1964) suggests the following

h

procedure. Reject the hypothesis that the /" and jlh samples, i<j are

from the same distribution if

- 1 7

‘R, —Rj‘Zza,[K(K_U](EN(N+1))‘/z(l/n,. +1/n,)V%  (4.40)
where zqykk-1); 1s the upper 100a/[K(K-1)] percentile point of the

standard normal distribution.

4.3.3.3 A test for censored data

In section 4.3.1 we introduced three non-parametric tests based on
scores for comparing two samples with censored observations; Gehan’s
generalized Wilcoxon test (if Mantel procedure is used), Peto and Peto’s
generalized Wilcoxon test and the logrank test. The K-sample test discussed
in this section can be considered as an extension of these tests and the
Kruskal-Wallis test.

The data format is the same as given in table (4.4) except some of the
t;’s may be censored observations. Suppose we have a set of N scores
wy, Wy, ..., wy obtained according to the manner of scoring in one of the three
tests mentioned above. The sum of the N scores is zero. Let S; be the sum of
the scores in the ;" sample. The null hypothesis H, states that the K samples
are from the same distribution. To test Ho, we calculate

J=1 nj

X =

(4.41)

where
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N

Y w?
S? == 4.42

N—1 (4.42)

Under the null hypothesis X° has approximately chi-square distribution with
K-1 degrees of freedom (Peto and Peto 1972). Thus we reject H, if X° exceeds
the upper 100a percentage point of the chi-square distribution with K-

degrees of freedom, that is, if X* 2 y/ ..

4.4 Identification of prognostic factors related to survival time

Prognosis, the prediction of the future of an individual patient with
respect to characteristics of this patient plays an important role in survival
analysis. Usually, the number of patient characteristics is too large to sort out
which ones are the most closely related to prognosis. Although it is not
difficult to decide which characteristic is irrelevant, a statistical analysis is
often needed in order to prepare a compact summary of the data that can
reveal their relationship. In this section we discuss some statistical methods
for the identification of prognostic factors (or characteristics or variables). In
section 4.4.1 we discuss about possible types of data (response and prognostic
variables) and things that can be done in a preliminary screening before a
formal analysis. Sections 4.4.2 and 4.4.3 introduce nonparametric methods for

the identification of prognostic factors related to survival analysis.

4.4.1 Preliminary examination of the data

The dependent variable (also called the response variable), or the
outcome of the prediction, may be dichotomous, polychotomous or
continuous. Examples of dichotomous data are: response or non-response, life
or death, present or absence of a given disease etc. Polychotomous dependent
variables include different grades of symptoms (e.g. 1.no evidence of disease,
2.minor symptoms, 3.major symptoms) or scores of psychiatric reactions (e.g.
1.feeling well, 2.tolerable, 3.depressed, 4.very depressed). Continuous

dependent variables may be length of survival from the start of treatment or
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length to remission, both measured on a numerical scale by a continuous
range of values.

A prognostic variable (or independent variable), or prognostic patient
characteristic may either be numerical or non-numerical. Numerical
prognostic variables may be discrete, such as the number of lymph node
metastases, or continuous such as age or blood pressure. Continuous variables
can be made discrete by grouping patients into subcategories (e.g. four age
groups: <20, 20-39, 40-59 and >60). Non-numerical prognostic variables may
be unordered (e.g. race or diagnosis) or ordered (e.g. severity of disease may
be primary, local or metastatic). Usually the collection of prognostic variables
includes some of each type.

Before a statistical calculation is done, the data have to be carefully for
quality. If some of the variables are significantly correlated, then one of the
correlated variables is likely to be as good a predictor as all of them.
Correlation coefficients between variables can be computed to detect
significantly correlated variables. In deleting any highly correlated variables,
information from other studies has to be incorporated.

In the next two sections we discuss statistical techniques, univariate
and multivariate, that are useful in identifying prognostic factors. The
multivariate techniques, which are multiple-regression methods, involve a
linear function of the independent variables or possible prognostic variables.
The variables must be quantitative, with particular numerical values for each
patient. This raises no problem when the prognostic variables are naturally
quantitative (e.g. age) and can be used in the equation directly. However, if a
particular prognostic variable is qualitative (e.g. a histological classification
into one of three cell types A, B or C), something needs to be done. This
situation can be covered by the use of two dummy variables, for example, x;
the first variable, taking the value 1 for cell type A and 0 otherwise; and x;
the second variable talking the value 1 for cell type B and 0 otherwise.
Clearly if there are only two categories (e.g. sex) only one dummy variable is
needed: x; is 1 for male, 0 for female. Also a better description of the data
might be obtained by using transformed values of the prognostic variables
(e.g. squares or logarithms) or by including products like x;x, (representing

an interaction between x; and x,. Transforming the dependent variable (e.g.
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taking the logarithm of a response time) can also improve the fit. It is often
useful to do many regression analyses of the some data until an adequate
description is obtained with as few variables as possible. Very often a
variable of significant prognostic value in one study is unimportant to
another. Therefore, confirmation in a later study is very important in
identifying prognostic factors.

Another frequent problem in regression analysis is the missing data.
Three distinctions about missing data can be made: 1.dependent versus
independent variables, 2.many versus few missing data and 3.random versus
non-random loss of data.

If the value of the dependent variable (e.g. survival time) is unknown,
there is little to do but drop this individual from analysis and reduce the
sample size. The problem of missing data is of different magnitude depending
on how large a proportion of the data, either for the dependent variable or for
the independent variables is missing. This problem is obviously less critical if
1% of the data for one independent variable is missing than if 40% of data for
several independent variables is missing. When a substantial proportion of
subjects has missing data for a variable, we may simply opt to drop these
individuals and perform the analysis on the remainder of the sample. It is
difficult to specify how large or how small, but no serious practical objection
would be raised by dropping 10 or 15 cases out of several hundred. However,
if missing data occur in a large proportion of individuals and the sample size
is not comfortably large, a question of randomness may be raised. If
individuals with missing data do not show significant differences in the
dependent variable, the problem is not too serious. If the data are not missing
randomly, results obtained from dropping subjects will be misleading. Thus,
dropping cases is not always an adequate solution to the missing data.

If the independent variable is measured on a nominal or categorical
scale, an alternative method is to treat individuals in a group with missing
information as another group. For quantitatively measured variables (e.g.
age), the mean of the values available can be used for a missing value. This
principle can also be applied to nominal data. It does not mean that a mean is

a good estimate for the missing values, but it does provide convenience for

analysis.
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4.4.2 Univariate analysis

A simple way to identify prognostic variables is to examine
individually each variable’s relationship to the length of survival or
remission. To do this, the observed data are grouped according to various
breakdowns. The survival experience of patients in different groups can be
characterized by estimated survivorship or hazard functions. The procedure is
to use the Product-Limit (PL) method of Kaplan and Meier (1952) discussed
in section 4.2 to estimate the survivorship function for each subgroup and
each variable. Survival times of subgroups can be compared by the methods
given in section 4.3.

It is obvious that any grouping of patients using three or more
variables would require a large number of patients to assign a reasonable
number to each group. Other limitations are that there is no indication of the
relative importance of the variables and weights are arbitrary. Thus the
univariate approach can only provide a preliminary idea to which variable has
prognostic importance. The simultaneous effects have to be investigated by a
multivariate technique. In the following section we introduce Cox’s

regression model for survival data.

4.4.3 Multivariate analysis: Cox’s proportional hazard model for survival
data

The multiple-regression method is a conventional technique for
investigating the relationship between survival time and possible prognostic

variables. Let x,,x,,...,x,be the p possible prognostic variables (covariates or

explanatory variables). For the i™ patient, observed values of the p variables

are x,,X,,...,X, . In the multiple-regression approach, the survival time of the

i™ patient, t, is the dependent variable. We are interested in identifying a

relationship of # or a function of #; say w(#) and (x,,,x,,,...,x,), that can be

expressed in a regression function,

tl - .fl(xli’xZi""’xpi) =fi(%’l)
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or

w(t, )= f1(x,,%y,....%, ) = fL(X,)
Two examples of f, and f; are

(X)) =Bix, + Byxy ++ B,x,

fH(X,) =exp( Byx,, + f,x%,, +---+,Bpxp,.)
Regression models proposed for survival distributions generally involve the
assumption of proportional hazard functions (Lehmann 1953). A proportional
hazards model possesses the property that different individuals have hazard
functions that are proportional to one other, that is, A(t|X, )/ h(t|X, ), the ratio
of the hazard functions for two individuals with covariates

X, =(X,Xy,.... %, ) and X, =(x,,%y,...,%,, ) does not vary with time t. This
implies that the hazard function given a set of covariates J?:(xl,xz,...,xp)

can be written as

h(t|x)=h(1)g(X)
where g(X) is a function of X and Ay(t) can be considered as a baseline
hazard function of an individual for whom g(X¥)=1. One such model

introduce by Cox (1972) is a general non-parametric model appropriate for
the analysis of survival data with and without censoring. The model uses the
hazard function as the dependent variable.

When survival times are continuously distributed and the possibility of

ties can be ignored, the hazard is

h(1| ) = hy(1 )"0

Zp:ﬂf"f
= hy(t e’ (4.43)

where h,(t) is the hazard function of the underlying survival distribution

(arbitrary) when all the x variables are ignored, that is, all x’s equal to zero,

iﬂf"/
and the B’s are the regression coefficients. In fact, e’™ can be replaced by
any known function of x’s and f’s. It is clear that Cox’s model assumes that
the hazard of the study group is proportional to that of the underlying survival

distribution A,(t). It can be shown that (4.43) is equivalent to
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S(t) =(Sy(t))™ f”’ (4.44)
The use of (4.43) can be exemplified as follows:

1. Two-samples problems. Suppose that p=1, that is. there is only one x
variable, x; , which is an indicator variable,
_ |0 if the ithindividual is from sample 0
LY if the ithindividual is from sample 1

Then according to (4.43), the hazard functions of samples 0 and 1 are,
respectively, hy(t) and h (t)=exp(f,). The hazard function of sample

1 is equal to the hazard function of sample 0 multiplies by a constant
exp( 3, ), or the two hazard functions are proportional. In terms of the
survivorship function,

Si(t) =[Sy (1)]**
The two-sample test developed from (4.43) is the Cox-Mantel test
discussed in section 4.3.1.2. It is now apparent that the test is based on
the assumption of proportional hazards between the two samples.

2. Two-sample problems with covariates. The X variable in (4.43) can
be either indicator variables such as x; in the two-sample problem
above or concomitant variables. Having one ore more x variables
representing concomitant variables in (4.43) enables as to examine the
relation between two samples adjusting for the presence of concomitant
variables.

3. Twe-sample problems with time-dependent covariate. In (4.43) one
ore more x variables can be functions of time. For example, suppose
that, in addition to x; above, a time-dependent variable x, = fx; is

introduced. According to (4.43), the hazard in sample 1 is
h(t)=ho(t)exp( B, + Byt)
= chy(t ) exp( f,t)
and that in sample 0 remains hy(?).
4. Regression problems. Dividing both sides of (4.43) by h,(t) and

taking its logarithm, we obtain
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h(
h()

The left-hand side of (4.45) is a function of the hazard (or relative risk)

_ﬂlxll +i82x21 +- +ﬂpxp| Zﬂjxp (4'45)

for the i patient, and the right-hand side is a linear combination of the

concomitant variables Xy XogseeesX with coefficients B,,8,.....8,,

respectively. The x’s can be indicator variables, covariates and time

hi(t)
hy(t)

standard multiple-regression equation with the concomitant variables

dependent covariates. If we let y =log,——, (4.45) is simply a

as the independent variables and the function of the hazard as the

dependent variable.

In this section we focus our attention on the use of (4.43) in regression
problems. Our main interest is to identify important prognostic factors. In
other words, we wish to identify from the p independent variables a subset of
variables that relate significantly to the hazard, and consequently, the length
of survival, of the patient. We are concerned with the regression coefficients.
If B; is zero, then the corresponding independent variable is related to survival
when adjustment is made for the other independent variables. Recall that in
standard multiple-regression problem a ranking of the variables in order of
relative importance can be achieved by using a stepwise regression method.
From the ranking and the significance test of each variable, we can select the
most significant variables related to the dependent variable. Because of the
close analogy between the standard multiple-regression and (4.45), stepwise
regression can also be applied to (4.45).

In addition to identifying prognostic factors, Cox’s regression model
h(t)
h(t)

patient. This index can be used to compare two treatment groups as well as

can also define a prognostic index or ratio, namely, log, , for each

prognosis between patients. As mentioned earlier, /,(t) is the hazard function

when all of the independent variables are ignored. If the independent

variables are standardized about the mean and the model used is
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log, %% A5 =F )t Bo(x,~F,) (4.46)

where x is the average of the 7™M independent variable for all patients, then
hy(t) is the hazard function when all variables are at their average values.

The hazard index is the ratio of risk of failure for a patient with a given set of

values x;,x,,,...,x, to that for an average patient who has an average value

for every variable. Model (4.46) is more realistic and easier to interpret than
model (4.45). This index or ratio can be used to compare the relative risk for

patients with different values of the independent variables.

To estimate the coefficients g, B,,...,8,, Cox suggested a maximum

likelihood method procedure where the likelihood function is based on a

conditional probability of failure. Suppose that ¢,, <¢,, <---<t,, are the k
exact failure times. Let R(?,,) be the risk set at time #¢4. Here R(?,,)

consists of all individuals #4. For the particular failure at time ¢,

conditionally on the risk set R(?,,), the probability that the failure is on the

individual as observed is
P
exp Z p X,
J=1
V4
Y. ep| D px,

1eR(1,,,) j=1

(4.47)

Each failure contributes a factor and hence the required conditional

log-likelihood is

LL(ﬁ)=Ziﬂjxﬁ—Zloge[ ) exp(‘_iﬁ,xﬂJJ (4.48)

i=l j=1 =] leR(1,,)

Maximum likelihood estimates of B’s are obtained by solving simultaneously
the p equations that are the derivatives of LL(B) with respect to f,....f,

respectively, equating to zero. The p equations are:

U(Bysees By ) = D[ = Al By B,))=0 u=l..,p  (4.49)

where
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Z Xui XD (Zp: ,Bjxﬂj
A"‘(ﬂl"'-:ﬁp) — 1eR(1,,)) pjb:l
Z exp(zﬂjxﬂ)

(4.50)

leR(1;;)

The p equations in (4.49) can be solved simultaneously by the Newton-

Raphson method of iteration. In the Newton-Raphson method, the estimates

of B,,..., B, are obtained by iterative use of (4.49) and the second derivative

of (4.48):

L( B Bp) = =2 Cluns( Broves By) (4.51)

where

p
Z Xt Xyr exp(z :Bjxﬂ)
teR(1,,) =
C(uvi)(ﬂl""’ﬁp)z =

> exp(g Bx ”J

teR(1,, )

e Ay( B B, ) A B B,) (4.52)

However, (4.43) assumes continuous survival time, which may not be
practical since in practice survival times often involve ties. To cover this
possibility, Cox generalizes (4.43) to discrete time by a logistic

transformation,

h(t)dt _ _ hy(t)dt exp p,B,xu
1—h(t)dt 1-hy(t)dt 0

This model reduces to (4.43) in the continuous case.

Suppose that among the survival times f¢,,...,7,, there are k distinct
times. Let ¢, <---<t,, be the k distinct failure times (uncensored

observations). Let m; be the multiplicity of ¢4, mg>1, if there is more than
one observation with value #4). Let R(¢4)) denote the set of individuals at risk
at time #;). Here R(1(;) consists of those individuals whose survival times are

at least ;. Let r; be the number of such individuals. At time f;), the
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probability that the individual fails as observed conditionally on the risk set
R(ts), from (4.43) is

exp( Bz, + B2, +"'+ﬂpzpi)
Zexp(ﬂlzll +ﬂ222l +.”+ﬂpzpl)

leR(t,;,)

where z,is the sum of x,’s over the my; individuals failing at ¢4, z,,is the

sum of x,,’s over the mg; individuals failing at ¢, and so on. The conditional

log-likelihood function is then

LL(ﬂ)=i(ﬂlzl,-+~-+ﬂ,,z,,.-)—ilog( Y exp( Bz 4o+ ,,z,..)) (4.53)

leR(1,;,)
The function U and [ in (4.49) and (4.51) become

k
UlBrB,) = [z —m, 4,]=0 u=1,....p (4.54)
i=1

m) [t —m,]
-1

I(B,...B,)= Cro)( B Bp) (4.55)

Tti)
Standard errors of the estimates of f;’s can be estimated from (4.51) and
(4.55). The 100(1-0) percent confidence interval for B; is
ﬁ,. *+ z,,,(estimated SE of B, )

For a dichotomous variable, Cox’s proportional hazards model can be
used to estimate relative risk when adjustments are made for the other
variables in the model. For example, if x; represents hypertension and is
defined as x; = 1 (if patient is hypertensive) and x; = 0 (otherwise), then the
hazard rate for hypertensive patients is exp( [i’l ) times higher than for
normotensine patients. That is, the related associated with hypertension is
exp( ﬁl ). A 100(1-a) percent confidence interval for the relative risk can be

obtained by using the confidence interval for . Let (8L, f2u) be the 100(1-a)
percent confidence interval for f;; a 100(1-a) percent confidence interval for

the relative risk is [exp (BiL), exp (B2u)]-

In estimating f,,..., B,, a stepwise procedure may be used to rank the

variables. In a forward stepwise (or step-up) procedure, the independent

variables are entered in the regression equation one at a time until the
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regression is satisfactory. The order of insertion is determined by using, for
example, the maximum log-likelihood value, LL( [3 ), as a measure of the

importance of variables not yet in the regression equation. Using the
maximum log-likelihood value as a measure, it selects, as the first variable to

enter the regression equation, the variable, say x(;), whose maximum log-
likelihood is the largest. Let LL(Bi), i = 1,..,p, be the maximum log-

likelihood value obtained from fitting only the i'® prognostic variable. Then

x(1) is the first variable to enter the regression if

LL(By,)) =max[LL(B,)]
Now there are p-1 prognostic variables not yet fitted. The maximum log-
likelihood value LL( ,B(l Py ,B(,. ,) is computed for each of the p-1 independent

variables and the one that gives the largest log-likelihood value is the next
variable to enter the regression equation. The procedure continuous to fit one
additional independent variable at a time until the regression is satisfactory.
At every step a likelihood ratio test is performed to determine if the last
variable entered adds significantly to the variables already selected.

At the first step, there is only one variable in the regression equation,

that is,

h(t) _ 4
og, ——= x
g ho(1) ﬂ(:) )
where x, ) the most important single variable related to hazard, could be any
one of the x,,...,x,. To test the significance of x,,, we test the hypothesis

Ho : B,, =0. For this we treat

s _[U(B)T
1(B,))

where U and [ are given in (4.49) and (4.51), respectively, as chi-square

(4.56)

distributed with one degree of freedom, or
_U(B,)
VI(By)

as normally distributed with mean O and variance 1. A ¥* (or Z) value larger

Z (4.57)

than the 1000 percentage point of the chi-square distribution with one degree
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of freedom (or the standard normal distribution) indicates that x,, is

significantly related to survival at the a level.
At subsequent steps, a log-likelihood value is performed as follows: Let

LL(B,,,....B.,) be the log-likelihood value in (4.48) at the k™ step after k
() (k)

variables have been fitted. The significance of the k™ variable is tested by

considering

Zz = “2[LL(ﬂ(1):---»ﬂ(k-1)) - LL(ﬂ(l)’“"ﬂ(k) ) (4.58)
chi-square distributed with one degree of freedom. A ¥* value exceeding the
100a percentage point of the chi-square distribution with one degree of
freedom indicates that the k™ variable entering the regression is significant at
the a level.

In this procedure the first variable selected is the most important single
variable in predicting survival time, the second variable entered is the second
most important and so on. The process thus provides a successive selection
and ranking of the independent variables according to their relative
importance.

The forward selection procedure is only one of the possible variable
selection schemes that would result in a ranking of the independent variables.
Others are the backward elimination (or step-down) and the stepwise
procedure. In the backwards procedure a regression on all p variables is
performed first and then variables are eliminated from the regression equation
one at a time until the regression equation is satisfactory. The stepwise
procedure allows a variable that has entered the regression to be removed at a

later step if it is found to be no longer important.
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CHAPTER S

APPLICATION

5.1 Introduction

In this chapter, we present an application of the survival analysis
methods described in chapters 3 and 4 to urban and regional development
issues described in chapter 2. More specifically the “Basic Image” values are
computed for the 51 prefectures of the Greek State from 1971 to 1991 and
then it’s examined, using survival analysis, whether the state intervention
helped the poor prefectures to develop. The conclusions of this application

can be found at the end of the chapter.

5.2 “Basic Image” computation

Greece is divided into 51 prefectures. Primary data have been collected for
every prefecture for the years 1971, 1981 and 1991. The data consists of:

Population, G.D.P. (Gross Domestic Product), total area, total and industrial
electrical consumption, number of doctors and hospital beds, number of teachers,
pupils and classrooms, number of Vehicles, number of new (built after 1914) houses
and number of total houses.

Using linear interpolation, the data for the cut-in years 1972-1980 and
1982-1990 have been estimated. Next the six indices, i.e. Accessibility to
Centers of Influence, Availability of Land, Financial Conditions, Housing
Conditions, Environmental Conditions and Social Conditions were calculated
as they have been defined in section 2 “The Image of a region”, section 2.3.1
(Factors controlling the “Basic Image” and ways of measurement). Next with
the use of the non-linear function, defined in section 2.3.2 (Table 2.1 and
Figure 2.1), the respective multipliers were obtained: LOCM (the Location
Multiplier), LAVM (the Land Availability Multiplier), FICM (the Financial
Conditions Multiplier), HSCM (the Housing Conditions Multiplier), ENCM
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(the Environmental Conditions Multiplier) and SOCM (the Social Conditions
Multiplier). The calculation of the multipliers for each one of the 51

prefectures along with the use of the following definitions:

oo {/(LOCM)(L,; VMYFICM) o {/(HSCM)(EA;CM)(SOCM)

have created the Economic and the Social Indicators.

The equation presented in section 2.3.3 (The “Basic Image” equation)
was used in order to calculate the “Basic Image’s” values. At this point, it
should be reminded that the value of m, which appears in the “Basic Image”
Equation, determines the slope of the cusp axis (Figure 2.2) and expresses the
relative contribution on the development of an area, of the factors controlling
its economic viability and efficiency, as compared to the influence of factors
controlling its quality of life. In other words, m expresses the relative weight
attached to each one of the indicators (Economic and Social) in defining the
area’s “Basic Image”. In order to evaluate m for each year we have used the
following Table (table 5.1) and Figure (Figure 5.1), which depict the
country’s social spending as a percentage of the national budget for the period
1971-1991.

Year Total Social Percentage
Spending Spending
1971 73875,1 16826,2 0,2278
1972 89118.,6 20144,7 0,2260
1973 105234,2 21551,9 0,2048
1974 129380,2 26963 0,2084
1975 170507 34849,9 0,2044
1976 212271,1 43965,7 0,2071
1977 255041,5 54276,5 0,2128
1978 300438,6 68037,7 0,2265
1979 376746.,4 79647,7 0,2114
1980 423114,9 105348,5 0,2490
1981 733076,5 149654,1 0,2041
1982 794295,3 204267,1 0,2572
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1983 1055218,5 245544 0,2327
1984 1470058,4 285331.8 0,1941
1985 1776936,7 369573.3 0,2080
1986 2166461 431533,5 0,1992
1987 2748331,1 546364,9 0,1988
1988 3717916 721090,8 0,1940
1989 4592528 933028,2 0,2032
1990 6698473 1041886,7 0,1555
1991 9811372 1168711,7 0,1191
Table 5.1

1.0

Social Spending as a percentage of national budget
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On the basis of this data the value of m will be equal to 1,
m =tan(45° ), for the period 1971-1989 and 1.2, m=tan(50° ), for the years
1990 and 1991. This change in the value of m indicates a slight increase of
the relative weight attached to the Economic Indicator in defining the “Basic
Image” and it is based on the fact that in 1990 and 1991 the percentage of

social spending in the national budget has been reduced from 20% to 12%.

Figure 5.1
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Finally, the “Basic Image’s” values were calculated for all the 51
prefectures, for the period 1971-1991.

All the values of the “Basic Image”, their graphical representation, as
well as the values of the indices, multipliers and indicators for all the 51

prefectures and the period 1971-1991, are depicted in Appendix A.

5.3 Definition of the problem

In Greece, the measures that had been undertaken by the state in order
to improve the development of poor prefectures, during the period 1971-1991,
can be summarized as follows:
e 1970-1980 The 51 prefectures were clustered into 4 groups, according to
their level of development and their need for support. The main incentives,
which were provided to the investors so as to move to the less developed
prefectures, were tax-reduction, low-interest loans, grants and subsidies.
e 1980-1990 The regional development policy of this period was an
evolution of that of the previous period and closely related to the respective
European Community policy. The basic legislative tool, Act 1262/1982,
introduced a number of improvements and covered all productive units
although particular emphasis was given to tourism and computer hardware
and software sectors. The main incentives used included tax-reductions, low-
interest loans, grants and investment subsidies. According to this Act the 51
prefectures of Greece were divided into 4 groups, as shown below (table 5.2),
receiving different levels of state aid on the basis of their respective level of
development. The 1* group, consisted of only 2 prefectures, received a very
low subsidy level given only to business units of the computer sector. The
2" group consisted of 6 prefectures was given a subsidy level between 10%
and 25%. The 3™ group, consisted of 36 prefectures, got a subsidy level
between 14% and 40%. Finally the 4™ group consisted of 7 prefectures
received a subsidy level between 20% and 50%.

The main purpose of this chapter is to investigate whether the state
intervention, as described above, has had positive influence on the
development of poor prefectures. More specifically, we are looking for signs

of positive changes in the growth of deprived prefectures after the subsidy has
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been provided. If, for example, the groups receiving the larger subsidy level

have had a better performance as compared to the others, it is sensible to

assume that the state support did help these poor prefectures. If, on the other

hand, the differences among groups, after receiving the subsidy, are

negligible, we could conclude that the state intervention didn’t help the

declining prefectures.

Group 1

Group 2

Group 3

Group 4

ATTIKA

ACHAIA

AITOLOAKARNANIA

DODEKANNISA

THESSALONIKI

BOIOTIA

ARGOLIDA

EBROS

IRAKLIO

ARKADIA

LESBOS

KORINTHIA

ARTA

RODOPI

LARISA

DRAMA

SAMOS

MAGNISIA

EBOIA

XANTHI

EVRYTANIA

CHIOS

FLORINA

FOKIDA

FTHIOTIDA

GREBENA

ILEIA

IMATHIA

JIOANNINA

KABALA

KARDITSA

KASTORIA

KEFALLINIA

KERKYRA

KILKIS

KOZANI

KYKLADES

LAKONIA

LASITHI

LEFKADA

MESSINIA

PELLA

PIERIA

PREBEZA

RETHYMNO

SERRES

THESPROTIA

TRIKALA

CHALKIDIKI

CHANIA

ZAKYNTHOS

Table 5.2




5.4 Statistical Analysis

5.4.1 Definitions

Let us suppose that the 51 prefectures are individuals. Additionally,
their “health status” is expressed by their “Basic Image” value, which changes
over time and, as thoroughly described in chapter 2, lies in the interval [-1,1].
As we have already mentioned, small values indicate a poor and declining
prefecture (or according to our framework of analysis, a sick individual)
while large values show a developed and wealthy prefecture (or a healthy
individual). Let us, moreover, consider the state subsidy as the “treatment”
which is administered in order to improve the “health status” of the
“patients”. Our individuals are clustered into the four groups mentioned
earlier and every group receives a different level of “treatment”. The first
group, which takes negligible help, could be considered as the control group.
Furthermore, we could suppose that a prefecture has responded to the given
treatment when an increment has occurred in its “Basic Image” value. In
order to avoid the consideration of random increments as response to the
treatment, we decided to consider that the prefecture had responded when a
second continuing increment occurs. In other words, the year that the second
significant increment occurs is considered as the year of reaction. On that
basis, we can now define the survival time of a given prefecture, as the time
needed for the prefecture, in order to response to the treatment. It is possible,
of course, for a prefecture not to response until the end of the study. In that
case we have a censored observation (+) of type I (as defined in chapter 3)
and it will be treated as described in chapters 3 and 4. The survival times

obtained on the basis of the previous analysis are listed below in Table (5.3).
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SURVIVAL TIMES

Group 1 Group 2 Group 3 Group 4
ATTIKA 12 ACHAIA 20+ | AITOLOAKARNANIA | 20+ || DODEKANNISA | 20+
" THESSALONIKI | 12 BOIOTIA 2 ARGOLIDA 20+ EBROS 17
IRAKLIO 12 ARKADIA 20+ LESBOS 5
KORINTHIA | 20+ ARTA 16 RODOPI 20+
LARISA 20+ DRAMA 20+ SAMOS 3
MAGNISIA 2 EBOIA 2 XANTHI 2
EVRYTANIA 2 CHIOS 4
FLORINA 14
FOKIDA 20+
FTHIOTIDA 20+
GREBENA 12
ILEIA 20+
IMATHIA 20+
IOANNINA 20+
KABALA 2
KARDITSA 20+
KASTORIA 12
KEFALLINIA 3
KERKYRA 14
KILKIS 20+
KOZANI 12
KYKLADES 2
LAKONIA 20+
LASITHI 12
LEFKADA 5
MESSINIA 20+
PELLA 18
| PIERIA 20+
PREBEZA 17 || ]
RETHYMNO 20+
SERRES 12
THESPROTIA 2
TRIKALA 20+ i
L XALKIDIKI 15 J
. CHANIA 4§ i) B
ZAKYNTHOS 3
Table 5.3

(The sign “+” denotes a censored observation)
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5.4.2 Survival Analysis

The product limit estimate of the survival function of all prefectures is
summarized in the Table 5.4 while Figure 5.2 presents the estimated survival
curve. The first column of Table 5.4 refers to the times that one (or more)
uncensored observations occur and thus, the survival distribution has been
estimated. The second and the third columns are respectively, the number of
“patients” that are being exposed to risk and react to the treatment. The fourth
column is the Kaplan-Meier estimate of the survival function. The fifth is the
estimate of Standard Error of the survival function while the sixth and the
seventh columns are, respectively, the Lower and the Upper Confidence
intervals. In addition the median is 15 and the mean is 13.1 with standard
error 1.01.

A much more interesting exercise is to perform the same analysis to
the four different groups. The results, in that case are summarized in the

tables 5.5, 5.6, 5.7, 5.8, 5.9 and the Figures 5.3, 5.4, 5.5, 5.6, 5.7.

Time n. Risk | n. Event | Survival | Std.Err 9152221 ;SJ(I,;I: ecl;l
2 51 8 0.843 0.0468 0.751 0.935
3 43 3 0.784 0.0538 0.679 0.890
4 40 2 0.745 0.0575 0.632 0.858
5 38 2 0.706 0.0604 0.587 0.824
12 36 8 0.549 0.0638 0.424 0.674
14 28 2 0.510 0.0646 0.383 0.636
15 26 1 0.490 0.0649 0.363 0.617
16 25 1 0.471 0.0651 0.343 0.598
17 24 2 0.431 0.0649 0.304 0.558
18 22 7 1 0.412 0.0647 0.285 0.539

Table 5.4
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ALL COUNTIES

Survival

N
o
S
o
0 5 10 15 20
Years
Figure 5.2
n Mean SE(mean) Median
Group 1 2 12.0 0.00 12
Group 2 6 12.7 3.29 16
Group 3 36 13.9 1.17 16
Group 4 7 10.1 2.94 5
Table 5.5
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GROUP 1

. . . Lower Upper
Time n. Risk n. Event | Survival | Std.Err 999 CI | 99% CI
12 2 2 0 0 0 0
Table 5.6
GROUP 2
Lower Upper
Time n. Risk n. Event | Survival Std.Err
99% CI 99% CI1
2 6 2 0.667 0.157 0.359 0.975
12 4 1 0.500 0.172 0.163 0.837
TableS.7
GROUP 3
Lower Upper
Time n. Risk n. Event | Survival Std.Err
99% CI1 99% CI
2 36 5 0.861 0.0535 0.756 0.966
3 31 2 0.806 0.0621 0.684 0.927
4 29 1 0.778 0.0657 0.649 0.906
5 28 1 0.750 0.0688 0.615 0.885
12 27 5 0.611 0.0755 0.463 0.759
14 22 2 0.556 0.0774 0.404 0.707
15 20 1 0.528 0.0781 0.375 0.681
16 19 1 0.500 0.0785 | 0.346 - 0.654
17 18 1 0.472 0.0787 | 0318 | 0.626
18 17 1 0.444 0.0785 0.291 0.598
Table 5.8
GROUP 4
Lower Upper
Time n. Risk n. Event | Survival Std.Err
99% C1 99% CI
2 7 1 0.857 0.122 0.617 1.000
3 6 1 0.714 0.157 0.407 1.000
4 5 1 0.571 0.170 0.239 0.904
5 4 1 0429 0.166 | 0.103 0.755
17 3 1 0.286 0.146 0.000 0.572
Table 5.9
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As we can see from the Figures above, the 3™ and the 4™ group,
although they received the largest subsidy, they do seem to respond slightly
faster than the 1% and the 2™ group but not to the extend one would have
expected to.

Although the graphical analysis performed above is a credible and
easily applicable technique, in order to have no doubt about our conclusions
we have also performed the statistical test for censored data discussed in
chapter 4, section 4.3.3.3, that is an extension of the Kruskal-Wallis, the
Gehan’s generalized Wilcoxon, the Peto and Peto generalized Wilcoxon and
the logrank test. Table (5.10) is summarizing the basic steps of the method

used for the computation of our test statistic.
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COMPUTATION OF Uy’s

GROUP' TIMES? Step1® Step2 Step3 Step4* Step5 Step6 Step7 Step8® U

2 2 1 1 1 51 44 44 44
3 2 2 1 1 50 44 44 -44
3 2 3 1 1 49 44 44 -44
3 2 4 1 1 48 44 44 -44
3 2 5 1 1 47 44 44 -44
2 2 6 1 1 46 44 44 44
3 2 7 1 1 45 44 44 44
4 2 8 1 1 44 44 44 -44
3 3 9 9 9 43 41 41 41
4 3 10 9 9 42 41 41 -41
3 3 11 9 9 41 41 41 41
3 4 12 12 12 40 39 39 -39
4 4 13 12 12 39 39 39 -39
4 5 14 14 14 38 37 37  -37
3 5 15 14 15 37 37 37 -37
1 12 16 16 14 36 29 29 -29
3 12 17 16 16 35 29 29 -29
2 12 18 16 16 34 29 29 -29
3 12 19 16 16 33 29 29 29
3 12 20 16 16 32 29 29  -29
3 12 21 16 16 31 29 29 -29
3 12 22 16 16 30 29 29 29
1 12 23 16 16 29 29 29 29
3 14 24 24 24 28 27 27 27
3 14 25 24 24 27 27 27 =27
3 15 26 26 26 26 -26
3 16 27 27 25 25 25
4 17 28 28 28 24 23 23 23
3 17 29 28 28 23 23 23 23
3 18 30 30 22 22 22
3 20 31 31 21 1 1 -1

3 20 31 31 20 1 1 -1

3 20 31 31 19 1 1 -1

Continued

" Indicates the group that each observation belongs to

? The ranked survival times
The 8 steps as described in chapter 4, section 4.3.1.1

3
4
Ry
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GROUP TIMES Stepl Step2 Step3 Step4 StepS Step6 Step7 Step8 U;

2 20 31 31 18 1 1 1 -1
4 20 31 31 17 1 1 1 -1
3 20 31 31 16 1 1 1 -1
3 20 31 31 15 1 1 1 -1
3 20 31 31 14 1 1 1 -1
3 20 31 31 13 1 1 1 -1
3 20 31 31 12 1 1 ] -1
3 20 31 31 11 1 1 1 -1
3 20 31 31 10 1 1 1 -1
3 20 31 31 9 1 1 1 -1
2 20 31 31 8 1 1 1 -1
3 20 31 31 7 1 1 1 -1
2 20 31 31 6 1 1 1 -1
3 20 31 31 5 1 1 1 -1
3 20 31 31 4 1 1 1 -1
3 20 31 31 3 1 1 1 -1
4 20 31 31 2 1 1 1 -1
3 20 31 31 1 1 1 1 -1
Table S.10

The obtained results are: S, =-28, §,=-9, §;=96, §,=-60,

X 2
S S
s2="—=150—=815,58 and the test statistic X2=’=;—2’=1,442. The 5%

percentage point of the chi-square distribution equals to y/¢_y), Zi00s=7-81

and the p-value of X° is 69,57%.

Consequently, the hypothesis that the four samples are coming from
the same distribution cannot be rejected. In other words, the data do not show
significant differences among the four groups. We reach, thus, to the same
conclusions, as before, i.e. state intervention didn’t help significantly poor

prefectures.
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5.5 Conclusions

The scope of the present work has been to examine whether the state
intervention in the form of provision of incentives to investors so as to move
into the less developed prefectures has helped those prefectures to improve
their Image. Our conclusions could be summarized as follows:

Firstly we could say that survival analysis seems to be an appropriate
method for investigating data referring to the development of a number of
regions and especially to the changes of their Basic Image values. Besides our
results verify the prevailing views on the subject under study.

We have concluded, additionally, that the state intervention didn’t help
significantly poor prefecture to increase their level of development. On the
contrary the growth of poor prefectures, i.e. prefectures received the larger
subsidy, remained constant while the already developed prefectures, i.e.
prefectures that received negligible help, developed more. It seems that the
provision of financial incentives is not enough to help a region’s development
if it doesn’t go together with an improvement of the general conditions
prevailing in that region. Obviously, the produced wealth remains to

subsidized companies instead of being invested in the region.
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INDICES

RELATIVE LAND AVAILABILITY INDEX

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981
AITOLOAKARNANIA | 1,586 1610 1635 1659 1684 1709 1734 1759 1785 1810 1,836
ARGOLIDA 1615 1625 1635 1645 1655 1664 1674 1683 1693 1,702 1,711
ARKADIA 2,642 2679 2,717 2,755 2792 2,831 2869 2908 2947 2986 3,025
ARTA 1411 1,423 1,436 1,448 1461 1,473 1485 1498 1510 1522 1534
ATTIKA 0,080 0,090 0,089 0,088 0,087 0,087 0,086 0085 0,085 0,084 0,083
ACHAIA 0,907 0904 0,901 0898 089 0,892 0,889 0,88 0,883 0,881 0,878
BOIOTIA 1,712 1,728 1,743 1,758 1,773 1,788 1,803 1817 1832 1,847 1,862
DODEKANNISA 1,492 1,479 1,467 1,455 1,443 1432 1421 1411 1,401 1392 17382
DRAMA 25635 2552 2570 2,587 2604 2621 2638 2655 2671 2,688 2704
EBROS 2,030 2039 2,047 205 2064 2072 2080 2,088 2096 2103 2111
EVIA 1676 1671 1667 1662 1658 1654 1650 1646 1642 1638 1634
EVRYTANIA 4210 4,305 4,403 4,503 4,605 4,710 4,818 4928 5040 5156 5,275
FLORINA 2449 2475 2501 2,628 2,564 25680 2607 2633 2659 2685 2712
FOKIDA 3410 3424 3,438 3,451 3,465 3,478 3491 3504 3,517 3,630 3,542
FTHIOTIDA 1,912 1923 1,935 1947 1958 1,970 1981 1993 2004 2015 2,026
GREBENA 4,320 4,354 4387 4,421 4454 4487 4519 4552 4584 4616 4648
ILEIA 1,085 1,070 1,085 1,100 1,115 1,130 1,145 1160 1,176 1,191 1,207
IMATHIA 0,958 0,956 0,954 0,952 0,850 0,948 0,947 0945 0,943 0,941 0,940
IRAKLIO 0,838 0,834 0,830 0,826 0,822 0,818 0,814 0,811 0,808 0,804 0,801
IOANNINA 2464 2469 2473 2477 2481 2485 2488 2492 2496 2,500 2503
KABALA 1,155 1,156 1,155 1,154 1,154 1,154 1,154 1154 1,154 1,154 1,154
KARDITSA 1311 1,334 1,358 1,382 1,406 1,431 145 1481 1,507 1,533 1,559
KASTORIA 2503 2490 2478 2466 2454 2442 2431 2421 2410 2400 2,390
KEFALLONIA 1637 1680 1,724 1770 1,817 1866 1916 1,968 2,021 2,077 2134
KERKYRA 0459 0461 0462 0,464 0466 0468 0469 0471 0473 0475 0476
KILKIS 1,986 2,016 2,044 2073 2,102 2,131 2,161 2,191 2221 2,252 2282
KORINTHIA 1,347 1,350 1,353 1,356 1,359 1,362 1,364 1,367 1,370 1,373 1,375
KOZANH 1,723 1,728 1,733 1737 1742 1,746 1750 1,754 1,759 1,763 1,767
KYKLADES 1,982 1,999 2016 2033 2049 2066 2,083 2099 2116 2,132 2,148
LAKONIA 2,524 2558 2594 2629 2665 2700 2736 2772 2,809 2,845 2882
LARISA 1541 1,544 1546 1,548 1551 1,553 1,555 1,557 1,559 1562 1,564
LASITHI 1,831 1841 1,850 1,860 1,869 1878 1887 1,896 19205 1914 1,923
LESBOS 1248 1273 1,299 1325 1351 1378 1406 1434 1463 1,492 1,521
LEFKADA 0,963 0,985 1,007 1,030 1,053 1,076 1,100 1,125 1,151 1,177 1203
MAGNISIA 1,086 1,084 1,083 1,081 1079 1,077 1,075 1,074 1,072 1,070 1,069
MESSINIA 1,150 1,171 11983 1216 1,238 1262 1285 1309 1,333 1,358 1,383
PELLA 1,322 1,330 1,338 1,346 1354 1361 1,369 1,377 1384 1,391 1,399
PIERIA 1,099 1,094 1,088 1,082 1,077 1,072 1,067 1,062 1,057 1,053 1,048
PREBEZA 1218 1,233 1248 1263 1278 1,293 1,308 1,323 1,339 1,354 1369
RETHYMNO 1,633 1646 1660 1673 1686 1,700 1,713 1,726 1,739 1752 1765
RODOPI 1571 1,588 1605 1622 1639 1656 1673 1690 1,707 1,724 1741
SAMOS 1,241 1258 1,276 1293 1311 1328 1,346 1,364 1,382 1,401 1,419
SERRES 1,301 1,320 1,339 1,357 1,377 1,396 1415 1,435 1,454 1474 1,494
THESPROTIA 2,477 2501 2525 2,548 2572 2595 2619 2642 2666 2,689 2712
THESSALONIKI 0,332 0,329 0,325 0,321 0318 0,315 0,312 0,309 0,306 0,303 0,301
TRIKALA 1,699 1,715 1732 1,748 1,765 1,781 1,798 1,814 1,831 1,847 1,863
CHALKIDIKI 2,864 2877 2890 2902 2915 2,927 2,939 2951 2963 2975 2,987
CHANIA 1,319 1,327 1,335 1,343 1350 1,358 1,366 1,373 1,380 1,388 1,395
XANTHI 1,438 1,444 1450 1455 1461 1466 1472 1477 1,482 1,487 1,492
CHIOS 1,115 1,136 1,157 1,178 1200 1,223 1,245 1,268 1,292 1315 1340
ZAKYNTHOS 0,895 0,905 0916 0926 0936 0,947 0,957 0,968 0,978 0989 1,000
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1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
AITOLOAKARNANIA| 1,839 1842 1844 1847 1850 1852 1,855 1,858 1,860 1,863
ARGOLIDA 1,712 1712 1,713 1,714 1714 1715 1,715 1716 1,717 1,717
ARKADIA 3,049 3,072 3096 3,120 3,144 3,168 3,193 3217 3241 3,266
ARTA 1,645 1,556 1,567 1,577 1,588 1599 1610 1621 1632 1,643
ATTIKA 0,084 0084 0084 0084 0084 0084 0084 0084 0084 0,084
ACHAIA 0875 0872 0869 0866 0863 080 0857 0854 0,851 0,848
BOIOTIA 1,845 1829 1813 1,797 1,782 1,768 1,754 1,740 1726 1,713
DODEKANNISA 1,372 1363 1,353 1,344 1335 1,326 1317 1309 1300 1,292
DRAMA 2,713 2,723 2,732 2,741 2,750 2,759 2,768 2,777 2,787 2,796
EBROS 2129 2,147 2,165 2,184 2202 2,221 2,240 2259 2278 2,297
EVIA 1626 1617 1609 1601 1593 1586 1578 1571 1563 1,556
EVRYTANIA 5341 5408 5477 5546 5616 5688 5760 5834 5909 5985
FLORINA 2,722 2,733 2,744 2,754 2,765 2,776 2,786 2,797 2,807 2,818
FOKIDA 356562 3581 3600 3619 3,638 3658 3677 3696 3,715 3,735
FTHIOTIDA 2,026 2024 2023 2023 2022 2021 2020 2020 2019 2,018
GREBENA 4668 4688 4708 4,728 4,747 4,767 4,787 4807 4826 4,846
ILEIA 1,198 1,191 1,184 1176 1,169 1,162 1,165 1,149 1,142 1,136
IMATHIA 0940 0941 0942 0942 0943 0,944 0944 0945 0945 0,946
IRAKLIO 0,798 0,796 0,793 0,790 0,788 0,785 0,783 0,781 0,778 0,776
IOANNINA 2,498 2,493 2,488 2,483 2478 2473 2,469 2464 2460 2,455
KABALA 1,158 1,165 1,170 1,176 1,181 1,187 1,192 1198 1,203 1,209
KARDITSA 1,565 1571 1577 1583 1588 1584 1600 1606 1612 1617
KASTORIA 2,405 2,420 2435 2450 2465 2480 2495 2511 2526 2,541
KEFALLONIA 2,138 2,141 2144 2148 2151 2,154 2157 2160 2,164 2,167
KERKYRA 0475 0473 0472 0471 0470 0468 0467 0466 0465 0,464
KILKIS 2,294 2306 2317 2329 2,341 2,353 2364 2376 2,388 2,399
KORINTHIA 1,362 1349 1336 1324 1312 1,300 1,289 1278 1267 1,257
KOZANH 1772 1778 1,783 1,788 1,794 1,799 1,804 1,809 1,815 1,820
KYKLADES 2146 2,144 2143 2141 2139 2137 2,135 2,133 2,131 2,130
LAKONIA 2,800 2,897 2905 2913 2920 2,928 2935 2943 2950 2,957
LARISA 1,562 1660 1559 156567 1555 15664 1552 15561 1549 1,548
LASITHI 1,930 1,937 1943 1,950 1957 1964 1971 1977 1984 1,991
LESBOS 1,529 1,636 1,544 1551 1,558 1,566 1,573 1581 1,688 1,595
LEFKADA 1214 1224 1,235 1246 1257 1,268 1279 1290 1,301 1,313
MAGNISIA 1,065 1,061 1,058 1,054 1,051 1,047 1,044 1,040 1,037 1,034
MESSINIA 1,384 1385 1386 1,388 1,389 1,390 1,391 1,392 1,393 1,394
PELLA 1,399 1,400 1401 1,402 1,402 1,403 1404 1,404 1405 1,406
PIERIA 1,044 1,040 1,036 1,032 1029 1,025 1,021 1,018 1,014 1,011
PREBEZA 1,370 1370 1,371 1,372 1372 1,373 1374 1374 1,375 1,375
RETHYMNO 1,753 1742 1,731 1721 1710 1,700 1690 1680 1670 1,661
RODOPI 1,758 1775 1,792 1810 1827 1,845 1863 1,881 1900 1918
SAMOS 1421 1,424 1426 1,429 1431 1,433 1,436 1438 1441 1443
SERRES 1,505 1,515 1526 1,537 1547 1558 1,569 1,580 1,591 1,602
THESPROTIA 2,707 2,703 2698 2694 2689 2685 2681 2677 2673 2,668
THESSALONIKI 0,300 0299 0,298 0297 0296 0295 0,294 0,293 0,293 0,292
TRIKALA 1,866 1870 1873 1876 1880 1883 1,886 1889 1,892 1,896
CHALKIDIKI 2954 2923 2893 2863 2,835 2807 2,780 2,754 2,729 2,704
CHANIA 1,394 1392 1391 1390 1,388 1,387 1,386 1,385 1,384 1,382
XANTHI 1496 1,501 1505 1509 1,513 1,517 1521 1525 1,529 1,532
CHIOS 1,340 1,341 1,342 1343 1,344 1345 1,346 1,347 1,347 1,348
ZAKYNTHOS 0996 0993 0990 0987 0984 0982 0979 0976 0,973 0,971
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RELATIVE FINANCIAL CONDITIONS INDEX

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981
AITOLOAKARNANIA| 0,869 0,841 0,834 0,835 0,839 0,846 0,854 0,863 0,873 0,883 0,894
ARGOLIDA 1,144 1,150 1,157 1,164 1,170 1,177 1,184 1,190 1,197 1,203 1,210
ARKADIA 0,868 0876 0,886 0,897 0909 0,921 0,933 0,945 0958 0,970 0,983
ARTA 0690 0679 0677 0678 0681 0684 0688 0692 0697 0,702 0,707
ATTIKA 1,097 1,108 1,108 1,105 1,099 1,093 1,086 1,080 1,073 1,066 1,059
ACHAIA 0,933 0,941 0943 0943 0,942 0,940 0,938 0,936 0,934 0,932 0,929
BOIOTIA 1,448 1633 1,731 1795 1,843 1,882 1,915 1944 1971 1,996 2,019
DODEKANNISA 0,872 0903 0914 0917 0917 0915 0,912 0,908 0,904 0,899 0,895
DRAMA 0,834 0806 0,796 0,792 0,791 0,792 0,793 0,796 0,799 0,802 0,805
EBROS 0,893 0,843 0820 0,808 0,801 0,797 0,795 0,794 0,793 0,794 0,794
EVIA 1,149 1,192 1211 1221 1,226 1,229 1230 1,231 1230 1,230 1,229
EVRYTANIA 0,633 0,570 0595 0616 0,635 0653 0671 0688 0,706 0,724 0,741
FLORINA 1,009 0927 0,892 0875 0,867 0,863 0,862 0,864 0,866 0,870 0,874
FOKIDA 1,219 1,161 1,135 1121 1,114 1,109 1,107 1,106 1,107 1,107 1,109
FTHIOTIDA 1,064 1,059 1,059 1,062 1,066 1,071 1,076 1,081 1,086 1,092 1,097
GREBENA 0,868 0,765 0,717 0692 0,676 0666 0660 0,656 0,654 0653 0,652
ILEIA 1,025 0,942 0,908 0,892 0,886 0884 0,885 0,890 0,896 0,902 0,910
IMATHIA 1,152 1,151 1,149 1,147 1,145 1,143 1,141 1139 1,137 1,135 1,134
IRAKLIO 1,026 0,968 0938 0919 0905 0894 0885 0,878 0,871 0,865 0,859
IOANNINA 0,768 0,785 0,793 0,799 0,803 0,806 0809 0,811 0813 0,815 0,817
KABALA 0,884 1,035 1,107 1,149 1177 1,197 1211 1,222 1,231 1,238 1,244
KARDITSA 1,005 0,229 0900 0,888 0,886 0,888 0,893 0,901 0,910 0,921 0,932
KASTORIA 0,925 0,857 0,823 0,802 0,786 0,775 0,765 0,757 0,750 0,744 0,739
KEFALLONIA 0,831 0,820 0,825 0,838 0,853 0,872 0,891 0913 0935 0,959 0,984
KERKYRA 0,928 0,899 0,888 0,882 0,879 0879 0879 0879 0,881 0,882 0,884
KILKIS 1,180 1,038 0,976 0,944 0,927 0918 0,915 0,914 0916 0920 0,926
KORINTHIA 1,237 1,270 1,287 1,299 1,307 1314 1320 1,325 1,329 1,333 1,337
KOZANH 0,902 0,981 1,020 1,044 1,060 1,073 1,083 1,091 1,099 1,105 1,111
KYKLADES 0,842 0,907 0,943 0,968 0,987 1,003 1,017 1,029 1,041 1,052 1,063
LAKONIA 0975 0,912 0,888 0,878 0,875 0877 0,880 0,886 0,892 0,900 0,908
LARISA 1,025 1,013 1,009 1,007 1,006 1,005 1,006 1,006 1,007 1,007 1,008
LASITHI 0,997 1,005 1,012 1,018 1,024 1,030 1,035 1,040 1,045 1,050 1,055
LESBOS 0,874 0,779 0,740 0,722 0,714 0,712 0,715 0,719 0,726 0,734 0,743
LEFKADA 0,744 0690 0,671 0666 0667 0672 0679 0689 0699 0711 0,724
MAGNISIA 0,836 0,940 0,989 1,016 1,034 1,046 1,054 1,061 1,065 1,069 1,071
MESSINIA 1,056 0,979 0,951 0,940 0,939 0943 0,951 0,960 0,971 0,984 0,998
PELLA 1,181 1,150 1,139 1,135 1,135 1,136 1,139 1,142 1,146 1,150 1,155
PIERIA 1,036 0,970 0,937 0,915 0,90 0,888 0,878 0,870 0,863 0,85 0,850
PREBEZA 0,774 0,773 0,778 0,784 0,792 0,800 0,808 0,817 0,825 0,834 0,843
RETHYMNO 0,767 0,769 0,773 0,778 0,784 0,789 0,795 0,801 0,807 0,812 0,818
RODOPI 0,817 0,747 0,717 0,702 0,695 0691 0690 0691 0,693 0,695 0,699
SAMOS 0,724 0696 0,687 0,686 0,688 0692 0697 0,703 0,710 0,717 0,725
SERRES 0,962 0,858 0,813 0,791 0,779 0,774 0,773 0,774 0,777 0,781 0,786
THESPROTIA 0,586 0,638 0,666 0686 0,701 0,714 0,725 0,735 0,744 0,753 0,762
THESSALONIKI 0,942 0,985 1,000 1,004 1,003 1,000 0995 0,990 0,984 0978 0,971
TRIKALA 0,778 0,765 0,763 0,764 0,767 0,772 0,777 0,782 0,788 0,794 0,800
CHALKIDIKI 1,173 1,123 1,102 1,091 1,085 1,083 1,082 1,082 1,083 1,084 1,086
CHANIA 0,857 0,824 0,810 0,803 0,801 0,800 0,801 0,802 0,804 0,806 0,809
XANTHI 0,627 0691 0,723 0,743 0,758 0,769 0,777 0,785 0,791 0,797 0,803
CHIOS 0,728 0,659 0,631 0619 0614 0614 0617 0,621 0627 0634 0,642
ZAKYNTHOS 0,983 0,924 0,901 0,891 0,887 0,888 0,890 0,895 0,900 0,906 0,912
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1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
AITOLOAKARNANIA 0,883 0,878 0,876 0875 0874 0874 0874 0875 0875 0,876
ARGOLIDA 1,150 1120 1102 1,090 1,082 1075 1,071 1,067 1,064 1,061
ARKADIA 0,959 0951 0949 0950 0953 095 0961 0966 0972 0978
ARTA 0,705 0,706 0,709 0,712 0,716 0,721 0,725 0,729 0,734 0,739
ATTIKA 1,056 1,055 1,055 1,066 1,055 1,056 1,056 1,057 1,057 1,058
ACHAIA 0,932 0,931 0930 0928 0925 0923 0920 0917 0915 0,912
BOIOTIA 1,897 1,829 1,783 1,747 1,718 1694 1672 1652 1634 1,617
DODEKANNISA 1,040 1,108 1,145 1,167 1,180 1,188 1,183 1,195 1,195 1,194
DRAMA 0,815 0,822 0827 0831 0835 0838 0842 0,845 0,848 0,851
EBROS 0,788 0,788 0,791 0,795 0800 0805 0811 0817 0,823 0,829
EVIA 1,200 1,183 1,270 1,160 1,151 1143 1136 1,129 1,123 1,117
EVRYTANIA 0,726 0,723 0,725 0,729 0,734 0,741 0,748 0,756 0,764 0,772
FLORINA 0,861 0856 0855 0855 085 0857 0859 0861 0863 0,866
FOKIDA 1,037 1,003 098 0974 0968 0964 0963 0962 0963 0,964
FTHIOTIDA 1,090 1,086 1083 1081 1,080 1,079 1,078 1077 1,076 1,075
GREBENA 0663 0670 0676 0680 0684 0688 0691 0695 0698 0,701
ILEIA 0,873 0852 0837 0826 0817 0808 0801 0795 0,788 0,783
IMATHIA 1,118 1111 1,107 1,106 1,103 1,102 1,101 1,101 1,101 1,101
IRAKLIO 0918 0945 0960 0969 0976 0979 0981 0982 0,982 0,982
IOANNINA 0,782 0,763 0,752 0,744 0,738 0,733 0,728 0,725 0,722 0,719
KABALA 1230 1,225 1225 1226 1,229 1232 1236 1241 1245 1,250
KARDITSA 0915 0908 0905 0904 0904 0906 0907 0909 0911 0913
KASTORIA 0,760 0,773 0782 0,791 0,798 0805 0811 0,817 0,823 0,829
KEFALLONIA 1,565 1,859 2,038 2,158 2245 2312 2,364 2,407 2443 2473
KERKYRA 0,729 0651 0603 0571 0548 0530 0516 0505 0495 0,487
KILKIS 0911 0906 0905 0906 0908 0910 0913 0916 0920 0,923
KORINTHIA 1,293 1,266 1,245 1,227 1212 1,198 1,185 1,173 1,162 1,151
KOZANH 1,198 1244 1273 1294 1310 1,323 1334 1344 13563 1,361
KYKLADES 1,064 1,064 1,064 1,063 1,063 1,062 1,061 1060 1,060 1,059
LAKONIA 0862 0841 0828 0821 0816 0813 0,811 0810 0,809 0,809
LARISA 0991 0981 0975 0971 0968 095 0963 0961 0959 0,957
LASITHI 1,092 1112 1,126 1,136 1,145 1,152 1,159 1,165 1,171 1,176
LESBOS 0,731 0727 0,726 0726 0,727 0,729 0731 0733 0,736 0,739
LEFKADA 0,721 0723 0,727 0,732 0,737 0,742 0,748 0,754 0,760 0,766
MAGNISIA 1,031 1,009 0995 0984 0976 0969 0962 0957 0952 0,947
MESSINIA 0,968 0953 0944 0939 0935 0933 0931 0929 0928 0,928
PELLA 1,131 1119 1,112 1,108 1,105 1,103 1,101 1,100 1,099 1,099
PIERIA 0867 04874 0877 0877 0877 0876 0874 0873 0871 0,869
PREBEZA 0863 0873 0879 0883 0887 0889 0891 0893 0894 0,896
RETHYMNO 0891 0924 0942 0951 0957 0,959 0,960 0,959 0,958 0,956
RODOPI 0699 0703 0,708 0,713 0,719 0,725 0,732 0,738 0,745 0,752
SAMOS 0,758 0,776 0,787 0,795 0801 0806 0,810 0,814 0,817 0,820
SERRES 0,788 0,792 0,797 0,802 0,807 0812 0817 0823 0,828 0,834
THESPROTIA 0,746 0,737 0,731 0,727 0,724 0,721 0,719 0,717 0,715 0,713
THESSALONIKI 0997 1009 1014 1017 1,018 1,018 1,017 1016 1,014 1,013
TRIKALA o787 0,781 0,778 0,776 07776 0775 0,775 07776 0,776 0,777
CHALKIDIKI 1,102 1,104 1,100 1,095 1,088 1,080 1,072 1,063 1,055 1,046
CHANIA 0,847 0865 0876 0,883 0,888 0891 0894 0,895 0,897 0,898
XANTHI 0,788 0,784 0,781 0780 0,780 0,780 0,781 0782 0,783 0,785
CHIOS 0645 0647 0649 0650 0651 0651 0652 0653 0653 0,654
ZAKYNTHOS 0951 0969 0978 0984 0987 0988 0989 0989 0,988 0,987
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RELATIVE HOUSING CONDITIONS INDEX

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981
AITOLOAKARNANIA | 0,964 0,977 0,990 1,002 1,015 1,027 1,040 1,052 1,064 1,076 1,088
ARGOLIDA 1,024 1,027 1,031 1,035 1,038 1,042 1,045 1049 1,052 1,056 1,059
ARKADIA 1,089 1,099 1,108 1,118 1,127 1,136 1,146 1,156 1,165 1,174 1,183
ARTA 1175 1,171 1,168 1,165 1,162 1,160 1,158 1,156 1,154 1,152 1,151
ATTIKA 0881 0879 04877 0876 0,874 0873 0,871 0870 0,868 0,867 0,865
ACHAIA 0953 0956 0,960 0963 0966 0968 0971 0973 0975 0977 0,979
BOIOTIA 1,024 1,027 1,029 1,032 1,035 1,037 1,040 1,043 1,046 1,048 1,051
DODEKANNISA 1,100 1,096 1,091 1,087 1,083 1,080 1,076 1072 1,069 1,066 1,063
DRAMA 1,068 1,073 1,077 1,081 1,086 1,090 1,094 1,098 1,102 1,106 1,110
EBROS 1,182 1,179 1,176 1,174 1,172 1171 1169 1,168 1,167 1,166 1,165
EVIA 1,073 1,082 1,091 1,099 1,106 1,113 1,119 1,126 1,131 1,137 1,142
EVRYTANIA 1,361 1,360 1,359 1,359 1,360 1,361 1,362 1,364 1366 1,369 1,372
FLORINA 1126 1,126 1,126 1,127 1127 1,128 1,129 1,130 1,131 1,133 1,134
FOKIDA 1,166 1,169 1,173 1,176 1,180 1,183 1,186 1,189 1,192 1,195 1,198
FTHIOTIDA 1,108 1,110 1,111 1,112 1,114 1,115 1,116 1,118 1,119 1,121 1122
GREBENA 1295 1,288 1,281 1,275 1,269 1,264 1,258 1,253 1,249 1244 1240
ILEIA 1,129 1135 1,141 1147 1,153 1,159 1,165 1,171 1,177 1,184 1,190
IMATHIA 1,026 1,026 1,026 1,026 1,026 1,026 1,026 1,026 1,026 1,026 1,026
IRAKLIO 1,182 1,179 1,177 1175 1,172 1,170 1,168 1,166 1,164 1,162 1,160
IOANNINA 1,196 1,188 1,181 1,174 1167 1,160 1,154 1,149 1,143 1,138 1,133
KABALA 1114 1,109 1,104 1,099 1,095 1,091 1,087 1,083 1,079 1075 1,072
KARDITSA 1,145 1,146 1,147 1,148 1,150 1,152 1,154 1,157 1,160 1,163 1,166
KASTORIA 0,993 0,996 0,999 1,002 1,004 1,006 1,008 1,010 1,012 1013 1,014
KEFALLONIA 1,530 1,532 1,536 1,540 1,545 1,551 1,557 1564 1,571 1580 1,589
KERKYRA 0918 0,927 0,935 0942 0950 0,957 0,964 0970 0977 0,983 0,989
KILKIS 1,180 1,177 1,175 1,173 1,171 1,170 1,169 1,168 1,168 1,168 1,168
KORINTHIA 1,103 1111 1,118 1,125 1,132 1,138 1,146 1,151 1,157 1,162 1,168
KOZANH 1,145 1,136 1,127 1,119 1,112 1,105 1,098 1,091 1,085 1,079 1,073
KYKLADES 1,333 1,351 1,369 1,386 1,403 1419 1435 1450 1466 1481 1496
LAKONIA 1,222 1,227 1231 1236 1,241 1,246 1252 1257 1263 1,269 1275
LARISA 1,088 1,084 1,080 1,076 1,073 1,070 1,067 1064 1,061 1,059 1,056
LASITHI 1,366 1,364 1,362 1,360 1,358 1,356 1,355 1,363 1,352 1,351 1,350
LESBOS 1,422 1429 1,437 1445 1453 1461 1470 1480 1483 1499 1,509
LEFKADA 0995 1,013 1,032 1,050 1,069 1,087 1,107 1,126 1,146 1,166 1,187
MAGNISIA 1,208 1,204 1,199 1,196 1,192 1,188 1,185 1,182 1,179 1,176 1173
MESSINIA 1,065 1,074 1,082 1,091 1,099 1,108 1,118 1,127 1,137 1,146 1,156
PELLA 1,101 1,098 1,096 1,093 1,091 1,089 1,087 1,085 1,083 1,082 1,080
PIERIA 1,129 1,126 1,123 1,120 1,117 1,114 1111 1,108 1,106 1,103 1,101
PREBEZA 1,084 1084 1085 1087 1,088 1,089 1,091 1093 1,095 1,097 1,099
RETHYMNO 1,162 1,161 1,161 1,160 1,460 1,160 1,160 1,161 1,161 1,162 1,162
RODOPI 1,066 1,064 1,062 1,061 1,059 1,058 1,057 1,056 1,056 1,055 1,055
SAMOS 1414 1,423 1432 1,442 1,451 1,461 1470 1480 1,489 1,499 1,509
SERRES 1,148 1,146 1,145 1,144 1,143 1,143 1,143 1,143 1,143 1,144 1,144
THESPROTIA 1,207 1205 1,204 1,203 1,202 1,201 1,201 1201 1,200 1,200 1,201
THESSALONIKI 0,867 0,863 0,859 0,855 0,852 0,848 0,845 0842 0839 0,836 0,833
TRIKALA 1,205 1203 1,200 1,198 1,196 1,194 1,193 1,191 1,190 1,189 1,188
CHALKIDIKI 1,160 1,184 1,207 1,229 1250 1,271 1291 1310 1329 1,347 1,365
CHANIA 1,053 1,053 1,053 1,054 1,054 1,055 1,056 1,057 1,057 1,058 1,059
XANTHI 0,764 0,790 0,815 0,838 0,860 0,880 0,900 0920 0938 095 0,973
CHIOS 1,220 1224 1228 1,233 1,238 1,244 1249 12556 1262 1268 1,275
ZAKYNTHOS 1392 1,388 1385 1,383 1,380 1,378 1,376 1375 1373 1,372 1,371
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1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
AITOLOAKARNANIA | 1,088 1,091 1,092 1,093 1094 1095 1096 1,097 1,098 1,099
ARGOLIDA 1,065 1,070 1075 1080 1085 1,09 1094 1,098 1,103 1,107
ARKADIA 1,185 1,187 1,189 1,191 1,183 1,195 1,198 1,200 1,203 1,205
ARTA 1,154 1,156 1,159 1,162 1,166 1,169 1,172 1,175 1,179 1,182
ATTIKA 0863 0862 0860 0858 0857 0855 0854 0852 0851 0,850
ACHAIA 0981 0982 0983 0984 0985 0986 0987 0987 0,988 0,989
BOIOTIA 1,063 1,054 1,055 1055 1056 1,057 1057 1,057 1,057 1,057
DODEKANNISA 1,066 1,068 1,071 1,073 1,075 1,077 1079 1,080 1,082 1,083
DRAMA 1,107 1,105 1,102 1,099 1,097 1,095 1,093 1,091 1,089 1,087
EBROS 1,165 1,165 1,165 1,166 1,167 1,168 1,169 1,171 1172 1,174
EVIA 1,146 1,151 1,155 1,159 1,162 1,166 1,169 1,172 1,174 1177
EVRYTANIA 1,373 1375 1377 1379 1,382 1385 1388 1,391 1,395 1,398
FLORINA 1,129 1,126 1121 1,116 1,112 1,108 1106 1,101 1,098 1,094
FOKIDA 1,210 1,222 1,233 1244 1255 1265 1276 1,286 1,296 1,306
FTHIOTIDA 1,124 1125 1,126 1,128 1,129 1,130 1,131 1,132 1,433 1,134
GREBENA 1,240 1,240 1,240 1,240 1,241 1,241 1,242 1,242 1,243 1244
ILEIA 1,184 1177 1,171 1,166 1,160 1,155 1149 1,144 1139 1,134
IMATHIA 1,023 1,021 1,019 1,017 1,014 1012 1,010 1,009 1,007 1,005
IRAKLIO 1,160 1,161 1,161 1,162 1,162 1,162 1,163 1,163 1,163 1,163
IOANNINA 1,131 1,430 1,128 1,127 1,126 1,124 1122 1,121 1,120 1,118
KABALA 1,074 1,077 1,079 1,081 1,083 1,086 1,088 1,080 1,093 1,095
KARDITSA 1,163 1,161 1,168 1,156 1,153 1,151 1,149 1,147 1,145 1,143
KASTORIA 1,015 1,016 1016 1017 1018 1,019 1,021 1,022 1,023 1,025
KEFALLONIA 1,588 1,587 1,586 1,585 1,684 1,584 15683 1,582 1582 1,581
KERKYRA 1,019 1,047 1,073 1,008 1,121 1,143 1,164 1,184 1,203 1,221
KILKIS 1,167 1,165 1,164 1,164 1,163 1,162 1,162 1,161 1,161 1,161
KORINTHIA 1,175 1,181 1,186 1,192 1,196 1,201 1,205 1,208 1,211 1,214
KOZANH 1,071 1,070 1,069 1,068 1,067 1066 1065 1,065 1064 1,063
KYKLADES 1,507 1,518 1,528 1,638 1,547 1,556 1565 1,573 1,581 1,689
LAKONIA 1280 1284 1289 1,293 1297 1,301 1,306 1,310 1314 1,318
LARISA 1,051 1,046 1042 1,037 1,033 1028 1,024 1020 1,016 1,012
LASITHI 1,353 1,356 1,359 1,362 1,365 1,368 1,371 1,374 1,377 1,380
LESBOS 1,501 1,493 1486 1478 1,471 1,465 1,458 1,452 1,446 1,440
LEFKADA 1,198 1208 1219 1229 1239 1250 1260 1270 1280 1,290
MAGNISIA 1,168 1,163 1,158 1,153 1,149 1,144 1140 1136 1,132 1,128
MESSINIA 1,156 1,485 1,155 1,154 1,154 1,153 1,183 1,152 1,152 1,152
PELLA 1,077 1,073 1,070 1,066 1,063 1,060 1,057 1,054 1,051 1,049
PIERIA 1,097 1,093 1090 1,087 1083 1080 1077 1,074 1,071 1,068
PREBEZA 1,104 1109 1113 1,118 1,122 1126 1,130 1,134 1,138 1,141
RETHYMNO 1,154 1,445 1137 1,129 1,122 1115 1,107 1,101 1,094 1,087
RODOPI 1,067 1,059 1,062 1,064 1067 1070 1072 1075 1078 1,081
SAMOS 15614 1520 1525 1530 1,535 1540 1545 1550 1,554 1,558
SERRES 1,141 1,138 1,136 1,132 1,129 1,127 1124 1422 1,120 1,118
THESPROTIA 1,194 1,188 1,182 1,176 1,170 1,165 1,159 1,154 1149 1,144
THESSALONIKI 083 0828 0825 0822 0820 0818 0815 0813 0,811 0,809
TRIKALA 1,186 1,182 1,178 1175 1172 1,169 1,167 1,164 1,161 1,159
CHALKIDIKI 1,380 1,394 1,407 1,419 1,431 1,441 1,451 1,461 1,469 1477
CHANIA 1,059 1,060 1,080 1060 1,060 1,060 1,060 1,061 1,061 1,061
XANTHI 0976 0979 0982 0,985 0,988 0,991 0994 0996 0999 1,001
CHIOS 1279 1,283 1,287 1,291 1,295 1299 1302 1305 1,309 1,312
ZAKYNTHOS 1,362 1,362 1343 1334 1326 1318 1310 1302 1,294 1,287
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RELATIVE ENVIRONMENTAL CONDITIONS INDEX

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981
AITOLOAKARNANIA | 3,090 3,065 3,056 3,055 3,058 3,063 3,069 3,075 3080 3085 3,088
ARGOLIDA 2,049 2030 2019 2013 2011 2011 2013 2016 2019 2,023 2,028
ARKADIA 1,698 1676 1678 1690 1,707 1,724 1742 1760 1776 1,791 1,805
ARTA 2921 2877 2862 2862 2868 2878 2890 2903 2915 2926 2,937
ATTIKA 0989 0988 0989 0992 0994 0998 1,001 1,004 1,008 1,011 1,015
ACHAIA 1,100 1,150 1,200 1,247 1,293 1,338 1,380 1,422 1462 1501 1538
BOIOTIA 1,077 1,112 1145 1176 1206 1233 1,258 1282 1304 1,324 1,343
DODEKANNISA 3,451 3503 3,538 3566 3,590 3612 3632 365t 3671 3690 3,709
DRAMA 2270 1655 1595 1597 1618 1645 1675 1,706 1735 1764 1,793
EBROS 3,403 3,180 3,092 3,054 3,040 3,039 3,045 3,054 3,066 3,080 3,094
EVIA 1,314 1391 1459 1520 1574 1624 1669 1710 1748 1,784 1817
EVRYTANIA 10,227 10,794 11,252 11,627 11,938 12,199 12,418 12,604 12,762 12,896 13,011
FLORINA 3,418 3,556 3667 3,759 3,836 3,902 3,958 4,007 4,050 4,087 4120
FOKIDA 1,824 1834 1851 1873 1,896 1920 1944 1969 1992 2015 2,037
FTHIOTIDA 1,093 1,134 1175 1,214 1251 1286 1,320 1,352 1,382 1,410 1,438
GREBENA 7,407 7,047 6,763 6,532 6,339 6,175 6,033 5908 5798 5699 5,609
ILEIA 2672 2901 3,002 3255 3,396 35616 3,623 3716 3,798 3,871 3,936
IMATHIA 1,364 1,408 1450 1,491 1529 1566 1602 1636 1,669 1701 1,732
IRAKLIO 2,456 2,491 2,517 2538 2,557 2575 2591 2607 2622 2637 2651
IOANNINA 2,046 2046 2056 2072 2,091 2141 2133 2154 2176 2197 2217
KABALA 1,191 1,244 1294 1341 1385 1427 1467 1505 1541 1576 1,608
KARDITSA 2,850 3,012 3,137 3236 3,316 3,381 3,433 3476 3511 3,538 3,560
KASTORIA 2878 2,893 2,898 2900 290 2899 2,899 2899 2,900 2900 2,901
KEFALLONIA 4,350 4,266 4,199 4,143 4,094 4,052 4,013 3977 3943 3911 3,880
KERKYRA 2,708 2977 3,207 3,407 3582 3737 3,876 4,000 4113 4215 4,309
KILKIS 4306 2,568 2,280 2,177 2132 2112 2,104 2101 2,102 2,104 2,106
KORINTHIA 1,616 1346 1290 1271 1,267 1,270 1,278 1,288 1,300 1,312 1,324
KOZANH 1,138 1,181 1221 1259 1294 1328 1,360 1,389 1417 1444 1,469
KYKLADES 2,786 2,793 2,797 2,799 2,800 2,800 2,799 2,797 2,795 2,792 2789
LAKONIA 3,386 3,498 3,593 3675 3,745 3,806 3,869 3,906 3,946 3,982 4,014
LARISA 1,562 1,608 1649 1689 1,727 1,763 1,797 1831 1,863 1894 1924
LASITHI 3,587 3,764 3,881 3,962 4,020 4,063 4,096 4,121 4,140 4,155 4,167
LESBOS 2,519 2,578 2627 2666 2699 2726 2,748 2,765 2779 2,790 2,797
LEFKADA 4,052 3451 3215 3,091 3,014 2961 2920 2886 2856 2,828 2,802
MAGNISIA 1,093 1,107 1132 1,160 1,190 1,221 1251 1,281 1,310 1,339 1,366
MESSINIA 2,451 2451 2456 2464 2473 2481 2488 2494 2498 2501 2502
PELLA 2,100 2,084 2090 2,105 2,123 2,142 2,162 2,181 2,199 2216 2232
PIERIA 3,354 2,752 2570 2497 2468 2460 2464 2474 2488 2505 2524
PREBEZA 3,294 3126 3,053 3,015 2993 2979 2968 2960 2953 2946 2,938
RETHYMNO 3,365 3,409 3435 3451 3461 3469 3473 3477 3479 3480 3480
RODOPI 3,227 3,062 2995 2971 2969 2978 2993 3,012 3,033 3,055 3,076
SAMOS 3,787 3,070 2,806 2670 2,587 2,530 2,489 2456 2429 2406 2,385
SERRES 2,804 2,848 2,883 2911 2935 2954 2971 2985 2997 3,006 3,013
THESPROTIA 3,536 3,322 3,208 3,137 3,087 3,051 3,022 2998 2977 2958 2941
THESSALONIKI 0915 0959 1,002 1,044 1,086 1,128 1,168 1208 1247 1285 1323
TRIKALA 2,905 2828 2,796 2,784 2,783 2,787 2,793 2,801 2809 2817 2,824
CHALKIDIKI 1,473 1,544 1600 1645 1,683 1,715 1,743 1767 1,788 1,807 1,824
CHANIA 2,732 2,744 2757 2,768 2,780 2,791 2802 2813 2,824 2834 2844
XANTHI 4500 2,883 2661 2607 2605 2624 2653 2686 2,722 2759 2795
CHIOS 3,420 3481 3529 356 3595 3619 3637 3650 3661 3668 3,673
ZAKYNTHOS 3457 3,320 3,231 3,168 3,122 3,086 3,058 3,034 3,014 2996 2980
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1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
AITOLOAKARNANIA| 2,814 2647 2531 2,443 2373 2314 2264 2220 2181 2,146
ARGOLIDA 1,953 1902 1862 1,830 1,802 1,777 1,754 1,734 1,714 1,696
ARKADIA 1,700 1633 1,588 1655 1,632 1514 1502 1493 1,488 1,484
ARTA 2566 2,367 2,243 2,156 2,091 2,040 1,998 1962 1,931 1,904
ATTIKA 1,035 1,053 1,070 1,086 1,101 1,115 1,129 1,142 1,156 1,168
ACHAIA 1,431 1,365 1,320 1,287 1,263 1,244 1229 1216 1206 1,198
BOIOTIA 1,224 1,149 1,099 1,062 1,034 1,012 0995 0981 0969 0,90
DODEKANNISA 3,863 3,980 4,089 4,182 4260 4,326 4,381 4,427 4465 4,497
DRAMA 1,639 1,398 1,309 1,246 1,199 1,163 1,134 1,111 1,091 1,074
EBROS 2662 2443 2308 2214 2142 2084 2036 1994 1957 1924
EVIA 1,570 1,421 1,320 1246 1,191 1,147 1112 1,083 1,059 1,038
EVRYTANIA 3,777 3,060 2,717 2,499 2342 2221 2123 2,040 1970 1,908
FLORINA 3,430 3,030 2764 2572 2425 2,307 2211 2129 2,059 1,999
FOKIDA 1,871 1,774 1,711 1666 1632 1605 1583 1,564 1,547 1,532
FTHIOTIDA 1317 1244 1198 1,168 1,151 1146 1,155 1,183 1245 1,389
GREBENA 4038 3,655 3319 3172 3,066 2983 2913 2852 2798 2,749
ILEIA 3,718 3,581 3,482 3,404 3,340 3,285 3237 3,193 3,154 3,118
IMATHIA 1,509 1387 1309 1255 1214 1,183 1,157 1,136 1,118 1,102
IRAKLIO 2,547 2483 2,437 2399 2366 2,336 2308 2282 2258 2235
IOANNINA 2,063 1970 1907 1862 1,826 1,788 1,774 1,753 1,735 1,719
KABALA 1,457 1,372 1,317 1,281 1,266 1,239 1227 1219 1213 1210
KARDITSA 3,080 2,883 2,786 2,734 2,703 2685 2673 2665 2660 2,655
KASTORIA 2731 2648 2602 2576 2561 2551 2546 2544 2542 2,542
KEFALLONIA 3,378 3,055 2,826 2,653 2,517 2406 2313 2233 2165 2,104
KERKYRA 4167 4067 3988 3919 3857 3800 3,746 3696 3648 3,603
KILKIS 1,868 1,720 1,617 1539 1477 1427 1385 1348 1316 1,288
KORINTHIA 1,247 1205 1184 1175 1175 1,183 1,198 1219 1,246 1,281
KOZANH 1,302 1,201 1,132 1,082 1,043 1012 098 0964 0945 0,929
KYKLADES 2623 2581 2592 2631 2685 2,749 2819 2894 2972 3,052
LAKONIA 3,845 3,724 3627 3,544 3469 3,402 3,341 3,283 3,230 3,180
LARISA 1,736 1630 1,563 1515 1480 1452 1429 1410 1,394 1,379
LASITHI 4027 3943 3879 3824 3,774 3,726 3680 3,636 3,693 3,551
LESBOS 2,762 2,784 2,834 2900 2976 3,059 3,147 3,238 3,333 3,430
LEFKADA 2,543 2394 2297 2226 2171 2126 2,088 2,055 2,025 1,998
MAGNISIA 1,232 1,151 1097 1060 14,032 1011 0995 0982 0972 0,965
MESSINIA 2304 2196 2,429 2,085 2,063 2029 2011 1996 1,984 1,974
PELLA 1942 1,780 1673 1596 1536 1489 1449 1415 1386 1,360
PIERIA 2,181 2,023 1936 1,885 1,852 1,831 1816 1,806 1,799 1,794
PREBEZA 2,515 2314 2199 2125 2,074 2,035 2,005 1981 1,960 1,942
RETHYMNO 3,312 3,196 3,105 3,029 2963 2,904 2,850 2801 2,756 2,714
RODOPI 2640 2386 2214 2,087 1987 1905 1836 1776 1,724 1678
SAMOS 2198 2132 2118 2,132 2,163 2205 2,253 2308 2,366 2428
SERRES 2,760 2619 2528 2463 2414 2375 2341 2312 2,287 2,263
THESPROTIA 2671 2632 2,716 2900 3,193 3637 4325 5475 7,719 13,889
THESSALONIKI 1233 1,175 1135 1,105 1,082 1,063 1,047 1034 1,023 1,013
TRIKALA 2,427 2230 2,112 2,031 1,972 1925 1,887 1,854 1826 1,801
CHALKIDIKI 1,667 1,588 1543 1,517 1,502 1,494 1490 1,489 1489 1,491
CHANIA 2776 2,725 2682 2644 2609 2576 2545 2516 2487 2,460
XANTHI 2292 2030 1,85 1,750 1664 1,597 1,541 1,495 1,455 1,421
CHIOS 3560 3,602 3,468 3444 3425 3409 3,394 3,380 3,366 3,352
ZAKYNTHOS 2,920 2,922 2950 2,988 3,029 3,071 3112 3152 3,190 3,225
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1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
AITOLOAKARNANIA| 0,79 0,797 0,804 0,811 0817 0823 0829 0834 0839 0844
ARGOLIDA 0,788 0,785 0,783 0,78 0,777 0,774 0,771 0,768 0,765 0,762
ARKADIA 1,443 1,425 1,406 1,386 1,366 1,345 1,323 1,3 1,276 1,25
ARTA 0962 0968 0974 0979 0984 00988 0992 0995 0997 0,999
ATTIKA 1,063 1,061 1,058 1,056 1,055 1,053 1,053 1,052 1,061 1,051
ACHAIA 0,938 0947 0955 0,961 0,967 0,973 0,977 0,981 0,985 0,988
BOIOTIA 0,713 0,724 0,736 0,747 0,757 0,767 0,776 0,786 0,795 0,804
DODEKANNISA 1,397 1,373 1,35 1,328 1,306 1,284 1,263 1,241 1,22 1,199
DRAMA 0,887 0,883 0,88 0877 0874 0,871 0869 0866 0864 0,861
EBROS 0,957 0962 0967 0,972 0,977 0,983 0,989 0,995 1,001 1,008
EVIA 0,782 0,783 0,784 0,784 0,783 0,782 0,78 0,778 0,776 0,773
EVRYTANIA 1,535 1,534 1,536 1,538 1,542 1,548 1,564 1,562 1,571 1,581
FLORINA 1,008 1,014 1,02 1,027 1,034 1,041 1,048 1,056 1,063 1,072
FOKIDA 1,067 1,084 1,101 1,118 1,136 1,163 1,171 1,19 1,208 1,227
FTHIOTIDA 0913 0912 0,911 0,91 0,908 0,907 0905 0903 0,901 0,899
GREBENA 1,079 1,087 1,094 1,101 1,107 1,113 1,119 1,124 1,128 1,132
ILEIA 0,934 0928 0,921 0915 0,909 0903 0897 0,892 0,886 0,881
IMATHIA 0,73 0,735 0,739 0,743 0,747 0,749 0,752 0,754 0,756 0,757
IRAKLIO 0,924 0,93 0,934 0938 0,941 0,943 0945 0946 0,947 0,948
IOANNINA 1,156 1,174 1,19 1,206 1,22 1,234 1,248 1,261 1,274 1,287
KABALA 1,042 1,033 1,024 1,015 1,006 0,894 0,983 0,972 0,96 0,948
KARDITSA 0912 0914 0916 0,918 0,92 0,922 0924 0926 0,928 0,93
KASTORIA 0,797 0,805 0,813 0,821 0,829 0,838 0847 0855 0,864 0,874
KEFALLONIA 1,435 1,39 1,345 1,3 1,254 1,207 1,159 1,1 1,06 1,008
KERKYRA 1,061 1,066 1,07 1,073 1,076 1,078 1,08 1,081 1,082 1,083
KILKIS 1,039 1,057 1,074 1,092 1,111 1,131 1,152 1,173 1,196 1,221
KORINTHIA 0,782 0,785 0,788 0,791 0,794 0,796 0,799 0,802 0,804 0,807
KOZANH 0916 0925 0,933 0,941 0,947 0,953 0,957 0,962 0965 0,968
KYKLADES 1,013 1,014 1,015 1,014 1,014 1,012 1,01 1,008 1,005 1,002
LAKONIA 1,046 1,041 1,036 1,03 1,024 1,018 1,011 1,004 0,997 0,989
LARISA 0812 0818 0823 0827 0832 0836 0839 0843 0,846 0,85
LASITHI 1,024 1,022 1,02 1,017 1,015 1,013 1,01 1,007 1,005 1,002
LESBOS 0939 0942 0,946 0,95 0,954 0,959 0,964 0,97 0,976 0,982
LEFKADA 1,109 1,108 1,108 1,108 1,107 1,107 1,106 1,106 1,105 1,104
MAGNISIA 0,927 0927 0927 0926 0926 0926 0,926 0926 0,926 0,926
MESSINIA 1,247 1,213 1,18 1,148 1,116 1,085 1,054 1,024 0,994 0,964
PELLA 0,693 0,71 0,727 0,744 0,76 0,776 0,793 0809 0,826 0,842
PIERIA 0,969 0,97 0,971 0973 0974 0976 0977 0979 0,981 0,983
PREBEZA 0,92 0,928 0,935 0,941 0,948 0953 0959 0964 0969 0974
RETHYMNO 1,243 1,231 1,218 1,203 1,188 1,172 1,165 1,137 1,119 11
RODOPI 1,079 1,09 1,101 1,113 1,127 1,14 1,155 1,17 1,187 1,203
SAMOS 1,216 1,224 1,232 1,239 1,247 1,254 1,261 1,268 1,275 1,282
SERRES 0,843 0854 0866 0,879 0,892 0,906 0,92 0,936 0,952 0,969
THESPROTIA 0,962 0952 0,951 0949 0946 0943 0938 0933 0,928 0,921
THESSALONIKI 1,057 1,061 1,065 1,07 1,074 1,079 1,085 1,09 1,096 1,102
TRIKALA 0,805 0,823 0,841 0,858 0,876 0,804 0,912 0,93 0,948 0,967
CHALKIDIKI 0,767 0,772 0,787 0,801 0,816 0,83 0,845 0,86 0,875 0,891
CHANIA 1,279 1,266 1,253 1,24 1,227 1,213 1,199 1,185 1,171 1,157
XANTHI 1,075 1,067 1,059 1,051 1,042 1,033 1,023 1,013 1,002 0,991
CHIOS 0,984 0,981 0,978 0,975 0972 0969 0965 0,961 0,957 0,953
ZAKYNTHOS 1,378 1,316 1,26 1,21 1,163 1,121 1,082 1,047 1,014 0,983
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