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CONSTRUCTION DE CRITERES "HABITAT"
POUR LA COMPARAISON DE DIFFERENTS TRACES
DE LIGNES A TRES HAUTE TENSION

RESUME

Ce cahier présente une méthode de comparaison de la sensibilité des habi-
tants a différents tracés de lignes a Tré&s Haute Tension. Cette méthode
a été testée sur des cas pratiques.

Premié&rement, nous créons des dimensions et des échelles spéciales de fa-
con a évaluer les différentes zones de 1'aire d'é@tude. Puis différentes
options de tracés de lignes T.H.T. (qui sont une succession de zones)
doivent étre comparées.

La construction de critéres permettant la comparaison de différentes op-
tions souléve un probléme théoricue : comment ponctualiser la distribution
géographique des notes des différentes zones d'un parti ?

Plusieurs méthodes de ponctualisation sont proposées qui pourraient s'ap-
pliquer & d'autres domaines. Mais 1'objectif de ce cahier est surtout de
montrer que ces méthodes de ponctualisation ne sont pas neutres ; elles ne
peuvent pas refléter, en un chiffre unique, toutes les caractéristiques
d'une distribution de notes.

Mots-cT1és : Transport, Electricité, Loca1isétion, Energie, Geéographie.
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CONSTRUCTING CRITERIA "POPULATION" FOR THE COMPARISON
OF DIFFERENT OPTIONS OF HIGH VOLTAGE LINE ROUTE

ABSTRACT

This paper presents a method for comparing the sensitivity of population
between different possible options for the route of High Voltage trans-
mission 1ines. It has been tested on practical cases.

First, we create special dimensions and scales in order to evaluate the
different zones of a studied area. Then, the different options for the
route of H V Tines {which are a succession of different zones) have to
be compared.

The construction of criteria permitting the comparison of different op-
tions raises a theoretical issue : how to punctualise the geographic dis-
tribution or the grades of the different zones of an option, in order to
reflect preferences 7 Different methods of punctualisation are proposed
which could apply to other cases. But the purpose of the paper is over-
all to show that these methods of punctualisation are not neutral ; they
cannot reflect all the characteristics of a distribution of grades.

Keywords : Transportation, Electricity, Location, Energy, Geography.



1 ~ INTRODUCTION
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This method is a part of a large study made for Electricité de
France which aims at considering and teking into account living people
in the choice of a HV line route. First, we made a qualitative study
interviewing people concerned with HV lines, and we got an idea of the
consequences of HV lines for inhabitants., We also noticed the importance
of the decision process in people's feeling in front of a project of
HV line in (11).

Then,we tried to construct criteria (to be used at the beginning of the
decision process )of comparison between large options of HV iine route.. These

criteria will help EDF and the impact study office to improve theirpoperipnviction
_concerning the choice of an option,before external advices are required .

M1 = 1. Objective 3

ES

Construction of criteria permitting the comparison of the sensitivity
ofpopulationbetween different possible options for the route of high

voltage transmission lines.

These criteria are constructed with the help of inhabitants'interviews
and studies in the field . But,this is not sufficient and has to be completed :
by the feeiing and experience of EDF . Finally, the criteria are defined with
EDF,so that they represent the usually recognized impacts of H.V. lines on
inhabitants . Consequently, these criteria will help EDF to reduce conflicts

with inhabitants .

1 = 2o Bypothesis ¢ : : _ \\

=~ VWe are interested in the comparison of large options and not of
detail routes. | '

- We consider that &n option is the succesgive crossing of several
homogeneous zones.

= The evaluation of an option"A" is inferred from the valuations of
the zones of this option"A.Itrequires the knowledge and use of one of
the technically possible detail routes "R" inside this option "AY,
If the option "A"™ is then chosen, this detail route "R" will be compafed
with other detail routes inside this option "A"™, so0 that the best detail

route is finally selected.



4.. = 3, Definitions :

These definitions are adapted from B.ROY, 1985, Chap. 8,9 (8).

- Consequence : the effect or atiribute or specific feature of a zone

_ which!is susceptible to interfere with the decision in question., (Here
the decision is the choice of an option according to its impact on the
inhabitants. A consequence may be the insecurity felt by inhabitants

close to transmission lines).

- Dimension : consequences are connected with dimensions revealing
preferences shared by the different actors.
Example : the insecurity is connected with the distance between the
habitation and the HV line (high voltage line). This distance seems to
increase when : the density of population per km2decreases .

Consequently, the density of population is a dimension.

- Category of dimensiors: a category contains several dimensions of
the ggﬁt%§g§ﬁ§§. Here, three categories of dimensions are defined :
« the density of population,
..the communal characteristics,

» the lanidscape and living environment.

- Scale 3 a scale is connected with a dimension. A scale is a comple-
tely ordered set of states representative of all the possible states
taken by a zone on this dimension. Here, we usually take numerical

scales to reflect qualitative preferences.

- Dispersion threshold : a dispersion thresheld is associated with

each scale so that the uncertainty and vagueness of data are taken into

account.

~ Zone ¢ it is the largest part of the studied area which has an

homogeneous valuation on each dimension.

- Option : it is the successive crossing of several zones wich may

connect the two ends of the HV line.



= Modulation : the modulation indicator gives complementary informatiom
about the way an option crosses the zones., It allows the ponctualisation
of the different grades of the zones aof an option, so that we obtain
finally a set of valuations of an option on each category of dimensions.
For instance, a km modulation indicator measures for a zone the length
of the zone that is crossed by an option. Then , a km weighted average

may be calculated for an option.

-~ Criterion : & criterion serves as a basis for Judgment.

Here, & criterion is a basis for the comparison between the impéct on

popula_tion(}f several opt'ions.r

% Studied aren

options

The studied area

1 - 4, The steps :

- First step : forming categories of dimensions with the different

consequences of a HV line for the population.

- Second step : dividing the studied area in several zones of homoge-

neous sensitivity on each dimemsion. Valuating the sensitivity of each

zone,

Cacegory of Dansity of Comuaal Landscape and

Diwensions populacion chavacreriscics living eavironment
Zones '

z.1
t.2
2.3

Evaluationg of the zones




-~ Third step : defining criteria of comparison between the options
and evalnating the different options on these criteria. The issue of

punctualisation is raised there.

riteria Density i
Cogrunal Landsczpe  and

me average isti ivi ;
Opcions EXLTe B characteristics { living environment

T N W »

Compariscn of the options

2 | - DEFINITION OF CATEGORIES OF DIMENSIONS REVEALING THE CONSEQUENCES
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It seems that the consequences of HV lines on population (quoted in
the studies in the field) could be divided in three categories of dimen-
sions. We first list these consequences before we deduce the three cate-

gories which will be used after .

2 = 1. The conseguences !

Let us study these consequences further.
- The noise : the perceived trouble seems to be an individual conse-

quence often connected with the distance from the liné to the habitation,



with the wind exposure, with the technical characteristics of the HV line.
Among these factors of trouble, only the distance from the line to
the habitation can be taken into account, during the analysis of the

studied area, in the sight of comparing large options.

- The prejudice to the environment : it includes the visual trouble,

the degradation of the surréundings, the effect of saturation connected
with the number of existing major facilities, the clearing of trees, the
damage to the natural landscape, the aesthetic prejudice. The intensity
of these impacts is a structural consequence depending on the kind of
landscape but also a collective conseguence depending on the communal
characteristics (number of existing major facilities) and also an indivi-
dual consequence (close visual trouble) depending on the distance from
habitation to the HV:line.

- The insecurity : (fear of falling down of the transmission conductors

and of the structures...) This is an individual consequence depending on
the distance from the habitation to the HV line, but also on the distance

from the collective spaces to the HV line.

= The disturbance of property rights : Here we study the landed proper=-

ties which are not used for a profession (agriculture, cultivation of
woodBe..) § that is to say : houses and gardens. The disturbance of pro-
perty right usually depends on the distance from the line to the habitation

- Other consequences : The favourable or unfavourable impact of the

HV line on the realisation of the communal projects, the disturbance or
thé intensification of the communal vocation are collective consequeﬁces
depending on the communal characteristics.

Thé physical phenomena induced by the presence of a HV line {(such as
induced electric current...) are felt by people in or near to their house.
They are individuzl consequences depending on the distance from the

~ habitation to the line.



2 - 2.- Categories of dimensions @

Three categories of dimensions are deduced from all these consequen~-

ces @
= the category of dimensions : "density of population" which measures

the likelihood that an habitation is close to the HV line. It measures
consequently the intensity of individual consequences depending on the
distance from the habitation to the HV line {(noise, insecurity, distur-
bance of property rightsees). |

« the category of dimensions : "communal characteristics'. This is a

collective dimension which underlines‘the foreseeable perception of the
- line by the collectivity and its representatives (here : the town council!

= the category of dimensions : Mlandscape and living environment'.

This is & structural dimension which includes the morphological charac=

teristics of the zone amd the receptivity of the zone to a HV line on a

landscape point of view. Surrounding degradation, damage to the natural
léndscape, aesthetic prejudice are avaluated with this category of

dimensions.

For each category of dimensions, different information sources are
employed. It is difficult to find these data ; it is also difficult to
interprete the qualitative information given by peoPIe; But since this
'informatidn is rele¥ant with the choice of an option of HV line route,

- we have to take it into account although it is not quite precise;
‘Statistic INSEE; map obsérvance, aerial photography and field reconnais-
sance will make a fine evaluation of the density of population easier.

.~ The subdivisions of the Departmental Equipment Direction and the
Country planning office of the Deparimental Direction of Agricﬁlture
will give us information concerning communal characteristics;

The category of dimensions '"landscape and living environment" is
evaluated with the assistance of the office charged with the impact study.

field travelling,and aerial photographies.



3 - DIVISION OF THE STUDIED AREA IN HCMOGENEOUS ZONES AND
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3 = 1. A bapic division ¢ the communal division ; justification

The inhabitants' sensitivity to the HV line passage usually involves
a communal sensitivity made explicit by its representatives. The Mayor
expresses this semsitivity when his advise is required before the "public
utility declaration". The Mayor brings to .light the problems of the
communé and of its inhabitants in this occasion. So the entity "commune"
iz representative of a collectivity and its inhabitants,.

Moreover, data concerning the individuals and their habitat are

~studied on a communal level, in the INSEE census. This census gives us
homogeneous data for each commune. These data are the most detailed
statisties that can be found.

Consequently, the commune - smallest geographic unity that has got
its proper representatives and has been treated in a national census -
seems to be a good basic unity for the division of the studied area in
homogeneous zones.

Nevertheless, the commune will not always be sufficiently homogeneous
according to the deepness of analysis wihich is expected. So, in some
cases, it is usefull to divide a commune in several more homogeneous
zoness. This diﬁision work should be committed to the office charged
with the impact study and it should integrate the initial state study.

It seems that when the studied area is very large, it is not always
rossible nor usefull to multiply the number of zones at the beginning.
One should prefer to improve the division when several large options

(a few km wide) are selected.

3 = 24 Category of dimension : density of population :

% m 2e 1, The definition of homogeneous zones inside a commune.

Each zone is evaluated by its density of population. According to

the communal density of population and to the geographic distribution of



inhabitants, the communal division in zones may be improved or not.
Suppose D the density of popﬁlation of a whole commune. Let us
consider three classes of communes :
- communes having a high density
- communes having an intermediate density

- communes having a low density.

et Aar Amm mme pmm mes e e e pem ol - e - —
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avoided, only a detailed study would permit to find a possible corridor
for the HV line. This is why, at the beginning, the whole commune is
considered as &n urban zone to be avoided. If a deeper study is then
realized in order to know the commune better, a possible corridor for the
HY line is considered at this time .

The number of habitations located at less than 500 m, from this
" possible passage of the HV line is evaluated (with the help of the black
points representing houses - on the 1/25000 map or on aerial photogra=-
‘phies -~ and of field reconnaissance).

Field reconnaissance and smerial photographies are nearly indispen-
sable, because the rapid evolution of the urban or suburban zones often
makes geographic maps unusable.

The number of habitations counted in this corridor is multiplied
by the average number of inhabitants per habitation in the commune
(given by the INSEE census) and divided by.the estimated surface of this
corridor.

We obtain then the density of vopulation of this corridor. Remaining
zones of the commune are evaluated according to this calculation and to

the census data.
Summary Suppose 3

e D density of population of the whole commune
o S surface of the whole commune
« P population of the whole commune

. z1 a 1 km wide corridor surrounding the passage found



40

in the detailed study. (We consider that beyond 500 m. around the HV
line, or around a 1 km. wide corridor, the line has no direct influence !

on inhabitants).

. 2gsZg; the remaining zones of the cormmun

. 5241 surface of z,

« mzq the number of habitations counted in 2y

« h the average number of inhabitants per habitation in the commune
(given by the INSEE census)

. dz1 the density of population of 24

. dzz, dz.3 the density of population of the remaining zones of the
commune. |
mz, X h

dz1 = BZ

1

If zaiaﬁ@igg have the same density of population,
P = (mz, x h)
dz, = dz, =
2 >

8 ‘- 524 E

Z_, and z, are usually urban zones.

20_inh/km2 £ D : 41000 inh/km2. In these communes, & wide disparity of

[ e N

the distribution of population may exist and involves a greater or smaller

likelihood of proximity between the HV line and the habitations.
In a first step we take off the agglomerations (isolated by the INSEE

census) which are part of urhan zones.

In a second step, we study the_disparity of density of population in the
remaining areas of the commune. If this disparity seems to be low, the
remaining areas of the commune are regarded as one homogeneous zone. I1f
this disparity seems to be important, we should separate the remaining
areas of the commune in several zones of homogeneous density.
The density of population of each zone is calculated with :

the number of counted habitations, the average number of inhabitants per
habitation and the estimated surface of the zone (as it was done for the

density of the corridor in am urban commune) .



11

Summary @ Suppose 3

. 24 the agglomeration containing the town hall

-

Zav 23‘ agglomerations of more than 250 inhabitants recorded by INSEE
(an agglomeration contains more than 50 inhabitants distributed in
habitations that are not distant of more than 200 m from another one).
© 2y 25, Zg eeee ZONEB of sparse population

o M2y number of habitations in z;

« h the average number of inhabitants per habitation

. Pz the population of z; = mz; X h

» B2 the surface of z5

. dzi the density of population of Zy

Then Zgy Zo0 z3, are classed in urbap zones. If their proper surfaces
can be neglected in front of the communal surface, they are not considered

if not, their surfaces and densities are estimated.

mz; X h Pz

H
|

For Z; = 2oy Zoy 53 dzi

BZ. BZ
i i

We have to verify that b Pz 2 P

and T
i

0
»

e mme S W Ms e e — o o tm e m— L= T = Y = e ™)

These communes are numerous in France. The study of the map of communal

density of population lets us suppose that, whatever the distribution of

porulation in these communes is,the close proximities of habitations can be

avoided., Consequently in such communes, we just take the INSEE census

data without counting habitations on the map.

Suppose there are (besides the agglomeration containing the town hall)
r - 2 agglomerations of more than 250 inhabitants. The r - 1 agglome-

rations are classed in urban zones. Their density of population is given
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by the census and the estimation of their surface.

The density of population of the remaining area of the commune is @

dz

]

(if we use the same notations as above).

(4) example :

CONVERSION
STATION

EA yrman zone

7 wasrration

Example of the division of & commune according to the density of population

| Supposé :
» DXdensity of population of the whole commune X
o DX, density of population of the zone X,
. A,B;C,D,E, are 5 communes .
~ Commune A : DA > 1000 inh/km2 =) we have to look for a corridor.
A, and A, are urban zones whose dgnsity d is over 1000 inh/km2

number of habitations of Az x average number of inh/hab.
dA = s
3 . Estimated surface of A3
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Commune D ¢ 20 < DD £ 1000 inh/km2

dI)1 7 1000
an _ Communal pepulation = agglomerated population
2 = surface of D

Commune B ¢ 20 < DB < 1000 inh/km2

aB, 1000 )

1

dB2!j71000 ) the population of B1, Ba, B3, are known from
-e the census (gglomerations of more than 250 inh.)

1000
:i*fr3 > )

The separation between BL|. and B

5

these two zones have homogeneous density of population.

depends upon the landscape but

Communel population - agglomerated population

dBI{_ = dB = —
_ surface of B, + surface Of_,B5
Commune C : 20 &£ DC &£ I0O00 inh/km2
dC1 > I000
The sparse population is not distributed in an homogeneous waye
We have to count the number of habitations of 03 and to estimate

the surface of 03.

ac. number of habitations of Cz x average of inh/habitatin
3 surface de 03

L]

Communal population = population of C1 -~ population of C3
surface of 02

4ac =

Commune E ¢ DE &£ 20 inh/km2
We do not include the disparities of population in sparsely
populated Zones.

agglomerated population
surface of E1

dE

i1

1

dE - gparse population

2 surface of E « surface of E1
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%3 - 2, 24 Evaluation of each zone.

After this division of the commune in several zones, a figure can

be associated with each zone of the studied area which measures the density

of population of the zone.
Dispersion threshold : this threshold allows us to take into account

uncertainty, vagueness and indetermination of the measures.

In fact, the evaluation induces errors or vagueness, particularly when the
population of & zone is estimated by counting the habitations on a map.

Moreover, we should use densities, regarding the future evolution of’
population .

Taking into account these uncertainty and imprecision, it seems realistic

to keep a threshold of : 20 %. 3

In other words : for a result of 30 inhkm
the threshold is : 6 inh/km2 3 for a result of 60 inh/km2 the threshold

is 7 12 inh/km2.

In France we have an averfge 2,7 inhabitants per habitation. This allows

a margin of : 2 habitations for a density of population of 30 inh/kmP.

If a zone is crossed by a HV line, its sensitivity to the line is all the
more important as it is crossed on a wide length (the wider the 'crossed"
length, the more numerous the people touched by the line). Consequently,
if an option crosses a zone, it is usefull to know the length on which

it is crossed by this option.

3 = 3. Category of dimensions : communal characteristics

3 _ 3,1, Definition of the four dimensions.

The communal division is usually sufficient to isolate the sensitivity

of a collectivity.

The communal characteristics and their compatibility with a HV line are to
be evalued. With the four following dimensions we try to describe the
communal characteristics :
~ the"commuhnal vocation" measures the compatibility between the
communal vocation and a HV line.
~ the "communal projects" measures the compatibility between the
realisation of communal projects and a HV line. _.
- the "demography'" measures the compatibility between the demographic

evolution and a HV line. Conseidering : the land allocation =scheme,



the communal building projedts, the past demographic evolution,
we propose to use a simple scale

- the "local elements" measures the impact of other elements
(different from the previous three dimensions) on the sensitivity

of the commune in front of the HV line. This dimension integrates

local elements (proper to the commune or to the region) and all the
exceptional facts that are not integrated in the other dimensions.
These elements may be of all sorts. We shall only evaluate their
influence on the way the commune accepts a HV line,
Examples : « presence of local associations
+« assimilation between the HV line and other projects
(electric power conversion station, electric
power station).
+« particular sensitiveness to another problem (pollu-
tion,.Jmore important than a future HV line for
the commune.
« oOther problems with local E.D.F.
» presence of reserved corridors in the land
allocation scheme (P0OS)

» unbearable density of existing lines.

fhese dimensions are evaluated with the help of data provided by the
subdivisions of the Departmental Equipment Direction and by the country

Planning office of the Agriculture Departmental Direction.

A special paper may be filled in for each commune, in order to precise

the nature of the provided qualitative data,

These scales allow us to measure a qualitative phenomenon. In this way,
we have an idea of this phenomenon, but it cannot be an exact measure

of a reality which is in fact quite hazy.

For each dimension, a scale has been chosen § it goes from O to 4,

The order of preference is increasing. The grade O has been chosen to
characterize a state that supposes a high communal resistance to the
passage of a HV 1ine; whatever the other characteristics of the commune
are. The grade 4 represents a state propitious to the line acceptance.
The grade 2 reflects the neutrality or indetermination ; it always can
be used in this sense.

When a grade is not needed for a dimension, it is not gquoted.

If there is an hesitation between two consecutive grades, a medium grade
may be introduced. Considering this possibility, we shall estimate that
uncertainty is contained in a threshold of-: i1/2 grade. The dispersion

threshold for each scale is in this case : 0,5.
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3 = 3, 2, Synthesis of the four dimensions.

Every commune is valuated on these four dimensions. But, since thems
four dimensions reflect the proper sensitiveness of a commune, it could be
interesting to gather them in order to get only one grade for the communal

sensitivity to a HV line according to the communal characteristics.

This grade should integrate the blinding effect of the grade 0 on a
dimension. In other words, a very bhad grade in a dimension cannot he
compensated with good grades on other diménsions. If one of the communai
characteristics is not compatible with a HV line, the commune is globally
very affecied by thercrossing of a HV line, whatever its other communal

characteristics are.

If we take the product of the grades on the four dimensions, we reflect

"the blinding effect of the zero on a dimension.

For each zone we obtain a sole valuation of the sensitivity of the
[+ .
(1)

Nevertheless if a zone is crossed by an option, the way the option crosses

communal characteristics going from O to 256 = 4

this zone (boundary crossing, or disruption in the urban web...) induces

a different sensitivity that should also be taken into account.

3 - 4, Category of dimensions : "landscape and living environment".

3 = b, 1, The division of the studied area in homogeneous zones

determines wide landscape zones in the studied area.

Since these limits are often hazy, we shall itry to identify them with the
boundaries of the commune or with the boundaries of the population zones,

so that we don't create too many zones.

3 -~ 4, 2, Evaluation of a zone. (this evaluation is inspired by the

document : "Electric HV lines and Landscape"(3) ).
The sensitivity of each zene is then evaluated, Two dimensions
interfere with the measure of this sensitivity, they are :
morphological characteristics

landscape atmosphere.

{1)In fact the grade 4 is never taken on the dimension "demography', so,
the product goes from O to 192 42 x 3).
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The scale varies from O to 50. It integrates :

» the vision scale : distance from which the landscape is no more perce ived
+ the internal scale : size of the components of the landscape.

. Comprehenéion : organisation of the elements which constitute the lamiscape

» complexity : number of elements composing the landscape.

Description of the scale (increasing order of preference) :
arge vision scale

grade 50 large internal scale integration

low sensitivity high comprehension

low complexity

or

small vision scale

small internal scale absorption
low: comprehension

high complexity

large vision scale
medium internal scale
highcbmprehension
high complexity

grade 25 or
medium vision scale
small internal scale
medium compréhension

high complexity

grade O {in any other case

high sensitivity
When there is an hesitation between two consecutive grades, an

intermediate grade may be introduced ( 12,5 or 37,5)
Landscape atmosphere
Several subdimegsions constitute this atmosphere.

A zone .is evaluated on these subdimensions.
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Grade ] L3 10
Degree of TACEnEsS rare wixe current
Degree of arcifice natural " arcificiael
Degree of wutation immutable " unstable
Degree of novacion ancient - new
Degree of diversity contyisted e @onotonous

Description of the subdimensions "landscape atmosphere!

The sum of these 5 evaluations "Landscape atmosphere" goes from O
to 50 (increasing preference order).
If there is an hesitation between two consecutive grades, it is possible

to create an intermediate grade (2,5 or 7,5).

For these two dimensions uncertainty and imprecision induce & threshold

of : half a grade around a grade. The dispersion threshold is : 12,5

for each dimension.

In order to get only one grade per zone for the "landscape and living
environment" (since landscape is also included in a chapter "leisure and
tourism" of the impact study) we make the sum of the two dimensions

(morphology and atmosphere) for a zone.

- In fact, we suppose that those two dimensions have a similar importance

when we measure the adaptability of a landscape to & HV liﬁe.

Each zone gets a grade "landscape and living environment" varying between
O and I00. Moreover, when an option crosses a landscape zone it seems
necessary to take care of the sensitivity of this zone but also of the

length of the zone crossed by this option.

4 ~ EVALUATION OF AN OPTION, CHOICE OF CRITERIA OF COMPARISON BETWEEN

et et i bk B - i s e . A T Y Y T S R Ty it 72 E 7Y = T i 2 P M ot S e S S YD S AL A e LA s e PR e e P e s e et A e S S b T e e o
e e e e T e e e o o e e e e e e e e e L N N T S S N T e T T e

=t

4 = 1, Issues induced by the construction of criteria.

When each zone of the studied area is valuated on each category of
dimensions and if we consider the other themes of the initial state of

the impact study, it is possible to select several large options so that



they are conmpared.

Each option can be represented by three histograms (one per category

of dimensions).

We also have to take into account the margin of uncertainty around the
evaluation of an option.

These margins of indetermination will be studied later on, and they

will integrate the dispepsion thresholds proposed above . At this stage
of our work,the results given by the method should be considered cautiously
because the significance of the difference between two evaluations on a

criterion is not well-defined .

“Density”
inh/km2

Histogram of density of population weighted by crossed Km.

GRADE
“COPRMUNAL
CHARACTERISTIC

w

I 1, TTERUNES

Histogram "communal characteristiceg'doesn't include the way an option

Crosses a colmune,.

GRADEZ

¥ LANDSCAPE ANT]
LIVING .
ENVERONMENT

~

% % '3

Histogram "landscape and living environment" weighted by crossed Km.
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Each one of these three histograms represents a distribution of grades

associated with an option.

Looking for a comparison between several options raises an issue, since
each option is itself composed with a multitude of diverse valuations
which vary according to the considered categorj of dimensions and

according to the considered zone.

However, it seems impossible to keep integrally all these valuations and
to compare them with the valuations of another option. Conseguently,
we try to keep only a few significant criteria representing an option.Thes,

¢riteria should reflect the preferences that E.D.F. wants to make conspicuous .

Fhere are different technical ways of punctualisation. For each
category of dimensions we tried to answer the following questions (°):
- ;Which modulation indicater shall we retain in order to precise the way &

zone is crossed by an option {(crossed lengthesele

- Which characteristic(s) of the distribution of grades on a category of
dimensions for an option do we want to make conspicuous (extreme values,
average value...) ? How many criteria are needed for that ?

- For each criterion, according to the point of view we want to reflect,
can the grades of the distribution be compensated 7 1If ¥yes, which
method of compensation and agregation shall we use so that the evaluation
of an option on this criterion makes sense ? ( The calculation of an
average or global value per optiop is realised cautiously. Shall we
transform.the existing ordinal scale for a category of dmensions so

that compensatiohs between grades reflect preferences ?)

If noy, can we define percentiles or fixed values in order to punctualise

the distribution of grades? '

- For each criterion, do we prefer to keep a'standardized" value indepen-
dant of the sum of the modulation indicators of_- an option (such as an
average,a: median, a percentile...) or is it better to build a criterion
depending on the sum of the modulation indicators (such as a weighted

sum or the number of km2 overpassing a fixed value...)

We'll try to show how we answered these questions in the frame of this
study.

(®) cf. ROY. chap. 9 (8)
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In order to comnstruct criteria and to isolate the preferences depending
on a category of dimensions, we have to place us in the conditions that
favour this isoclation. In other words, we shall reason, other things

being equal, as if the options compared in the experimentation were only

differing, on the point we jant to study, on a criterion.

Once the different criteria are constructed, it is possible to consider

the reality ; complex options having different evaluations on many criteri:

L = 2, Criteria "density of population"

The passage from several figures to one or two figures is not neutral

it insists on such or such characteristic and reflect some preferences.

b = 2. 1, Criterion "extreme densities"

When we have the histogram "density of population" of an option (cf. p.ZO)
a formal preference seems to be shared by everyone : the highly populated
zones should be compared. This formal priority cem be reflected in

different ways :

= The "nth perceantile" : the criterion "extreme densities" is measured by

the density over which are the most populated n/I00 km of an option.

= The "maximum value'™ : the measure of the criterion "extreme densities"

is here the highest density taken by a zone in an option.

~ The "very dense length" : the criterion "extreme densities" is the nuiber
of km of an option overpassing a limit of density fixed for the studied
area according to the regional characteristics. This method has been
chosen because it presents three advantages : it is adaptaﬁle to local charac~
teristics, it is easily calculated, it takes into account all the dif-
ficult points (and not only one hard point as supposes the maximum value

So, the criterion "extreme densities™ X for an option A of n zones could

be written @

X (A) = 2 1 /4 > s
1i = 1length croesed by option A in zone i
di = density of population of zone 1
S = fixed value of density representing extremely dense zones.
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4 - 2, 2, Criterion "intermediate density"

To examine the difficult points is not sufficient to compare the density
of the options. Tweo options may have the same extreme densities and diffe
rent average density : that implies a different difficulty of inserting

the HV line among habitations.

Consequently, & measure of the intermediate density of an option should

be defined. . . i
We tested several methods of punctualisation in order to approach

“the ilil-defined preferences of EDF . But the modulation indicator remains

the same, it is the number of km crossed by an option .

= Average grosg density weighted_ by crosseg km :the preference order is
&ecreasing. This method supposes that we are indifferent on this
criterion between :

2 km of density 55 inh/ka}' - average 55 inh/km2

and '
1 km of density 10 inh/km?

+ (1 km of density I00 inh/km2

other things being equal. But EDF seems to prefer the second option.

average 55 inh/km?

- Average of inverge_denpities weighted by_crossed_length.

- We may consider that the difficulty of crossing a zone can be measured by
the , average available surface per inhabitant. In this case, we shall
‘calculate the average of the inverse densities and not of the gross
densities. The resulting average varies according to an increasing
preference order (2 is preferred to 1) since we inverse densities.

That means there is indifference between :

2 km of density 18 inh/kmB}- average 0,056 km2/inh.
and
1 km of density 10 inh/km? .
+ {; km of density IOO inh/km%} average 0,055 km2/izh.

other things being equal.But EDF seems to prefer the first optiom .

!
I

verage of_ the probable distan@e between_habitations weighted by_the

e — ———— ——— - — T — Oy v—

ross length. Here, we estimate that the difficulty of passing a HV

line in a zone is connected with the possible dietancebetween two

D .
habie
247 :

tations/km2 (since there are 2,7 inhabitants per habitation in France

(2]

habitations. A density of D inh/km2 supposes a density of

on average).
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The average distance between two habitations is then @

4V
-
~J

This trensformation of the scale of densities induces & new scale,
its order of preference is increasing (0 is worse than 1).
there ig indifference with this method between :

2 km of density 23 inh/km2 average 0,34 km

®32  £4 km of density 20 imh/km2
+ (1 km of density I00 inh/km2

other things being egual.But EDF seems to prefer the first optiomn .

average 0,34 km

— mm e e s ses - v Gt A e mmm mme  amm e — e e e — — t—

The use of a logarithmic scale for the representation of the densities
favours the differenciation between low densities but reduces the
importance of high densities. The order of preferencé is decreasing.
With this method there is indifference between :

2 km of density 32 inh/kmg} average 1,5

a0d 3 ) of demsity 10 inh/kmd
+ |1 km of density 100 inh/km2

other things being equal,But EDF seems to prefer the first option .

average 1,5

— e ey aps s Een e Eee e Gme eme o e i e - mam s . ——

It is the density associated with the zone that shares in two equal
lengths, the zones of the option ranked by increasing density order.
Th order of preference is decreasing.
With this method there is indifference between :

2 km of density 10 inh/kma} median 10 inh/km2

1 km of density 10 inh/kmp? ,
4 km of density 100 inh/km2 median 10 inh/km2
-other things being equal . Buf EDF prefers the first option .

and

These examples show that before calculating an average density weighted
by the crossed length,it is important tochoose a function transforming the
density of population which better reflects preferences and which makes
the operation of average sensible . Since these functions are not in accordance
with EDF preferences,we are now constructing a function with the assistance

of preferences given by EDF people . These preferences will be inferred from



comparisons between fictitious options having the same length but a different
distribution of densities . This function will be used to calculate a
weighted sum,because it seems that the local length of the line is related
with the measure of direct impact on population : for equal densities ,

a larger line causes more damage .

The criterion D "interme%}ate density" could be written for an option A

of n zones ¢
D) = 2 1 £@)
d. = density of the zone i

i .
1. length crossed by option A in zone i. -

i
4 - 2, 3, Criterion "communal characteristics"

For an option we dispose of an histogram "communal characteristics"

(cf. p. 20 ). Each commune is valuated by a grade between O and 256.

We have now to define the criterion permitting the comparison between the
communal characteristics of different options. In other words, we shall

‘replace this distribution along an option by a sole evaluation for an ophm

It is not possible to calculate the product of the grades of the different
communes of an option. In fact, this method would suppose that when a

commune has the grade O, the whole option gets the grade 0.

It seems better to calculate an average or a sum of the grades of the
communes. This average or sum supposes that the comparison of the diffe-
rences between two grades makes sense, since an average or sum implies

compensations between the grades. .

Consequently, if we compare several options calcﬁlating the average of the
product of their communal characteristics, other things being equal;
knowing that a commune valuated (2;2:;2;2) has the grade 16 ,

‘a commune valuated (4;4;4;4) has the grade 2536 ,and a commune valuated
(151;131) has the grade 1 ; the option 1:one commune (2;2;2;2) plus one
commune (4343434) (average :136) is widely preferred to the option 2:
two communes (3;3;3;3 ) (average :81) ; while E.D.F. is indifferent
between option ! and option 2 .

Similarly other things being equal, the option 3: one commune (0;0;0:0)
plus one commune (4;4;4;4) (average :128) is preferred to the option 4:
two communes (2;2;2;2) (average :16) ; while E.D.F. is indifferent between
option 3 and option 4 .

Calculating this average of gross products implies that an option whose

communes have medium grades is more penalized that an option whose zones
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have very good and very bad grades .

Moreover, the discrepancies induced by the gross product makes the associa.
tion between a medium zone and the grade located in the middle of the
scale, impossible. _

For instance : a medium zone valuated ( 252;2;2) gets a gross product
of 16 which is very far from a zone valuated  {&4jbjlsh) gross pro-

duct : 256, and very close to a zone valuated (0;0;0;0) gross product__ 0.

It seems better to transform this product so that : the product 16 is
transformed into the grade 2 ; the product 256 is transformed into the
grade 4 and the product O remains O.

Thig transformation gives us more significant transformed histograms.

3

2 X

1 16 81 256
This curve y = \h?x permits to solve the same kind of problems as
the problems whiel é&xist for the construction of the criteria density of

population. In other words, we must answer the question : "How can we
change the scale associated with a category of dimensions, so that the

calculation of an average or sum mazkes sense 2

With this curve, we can calculate an average or sum of the transformed

products of communal characteristies which makes sense.

However, we observed that the importance of the communal characteristies
varies with the place where the HV line crosses the commune. This is the
reason why a "crossing" indicator has been defined 3 it will rectify the
importance of the communal characteristics according to the place where
the HV line crosses the commune. It seems that the impact of a line on
communal characteristics is also linked with the number of crossed commme
and with the way they are crossed. So we'll calculate a weighted sum of
the communal characteristics of an option and not an average which would

not take into account the global communal impact.

The calculation of this weighted sum supposes that the communal characteristics
and the number of communes vary in th same sense,with regards to the preference .

It is not the case here ,the highestV}ciﬂ preferred while the lowest number
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4
of crossed communes is preferred . Consequently,we consider the complementofdx

4-Vx which varies in the same direction as the number of crossed communes .

We shall distinguish four possibilities for the HV line to cross

a8 commune

A

the commune is only crossed on its borders in a favourable way. No

urban zones or zones having priority are crossed.

the crossed zones are neither urban nor developing but the line

doesn't only follow the borders.

one of the crossed zones is reserved for communal 2etivities or

projects (bﬁilding plot, leisure area, constructions...). None of

the zones is urban.

one of the zones crossed by the line is urban. And the presence of

the HV line implies a disruption in the urban network.

The diminution of the communal grade has to reflect preferences of choice

between several options.

Intorder to consider these preferences, we propose some equivalences

thgt fix the valuation of the "crossing® indicator? The grade ofa commune
1sV/X ,and we use its complement 4~Vx in the weighted sum .

One~cpmmune of

one
Cne
one
One
one

One
one

commune
commurne
commune
commune
commune

commune
commune

of
of
of
of
of

of
of

grade
grade
grade
grade
grade
grade

grade
grade

3-and ecrossing:

-0 N O MO N

and

-and

and
and
and

and
and

erossing
cfbssing
crossing
crossing
crossing

crossing
crossing

If the “crossing indicator™ iz b

These equivalences imply equalities

We

C(4-3) =B(4-2} ,

A(4=0) =B(4-2),

B(4—0) =C(4—2);

C(4-0)} =D(4-1).
infer : C=0,75

BNO,4 ; ANO,2

indicator
indicator
indicator
indicator
indicator
indicator

indicator
indicator

C

oo O =@ @ P W

is equivalent with
is equivalent with
is equivalent with

is equivalent with

the grade is not reduced. So. p =1,
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' This crossing indicator is used for the modulation of the transformed
product for an option. The criterion "communal characteristics" C for

3 3 - n .
an option A of n zones is then : ¢ (A) =iE1 . f(ci)
m, = modulation indicator of the zone i
£(c, ) =l,-\’+ﬁ; = transformed product of the communal characteristics
' 1 : of the zone i.

4 w 2, 4, Criterion "landscape and living environment"

Each zone is evaluated from O to 100 on the category of dimensions
"landscape and living environment".

' When different options are chosen, each of them may be represented by an
histogram "landscape and living environment" (cf.p.20) integrating the
number of crossed km.

As for the density and communal characteristics, we try to comstruct a

criterion Ylandscape and living environment" in order to compare options.

Thig criterion is constructed with the help of the distribution along an
option of -the grades "landscape and living environment". Transforming
this distribution in a criterion supposes that we introduce a modulation
indicator (the crossed length). Three methods may be used for the

construction of a criterion "landscape and living environment'.

Tst method
We walculate the average of the grades "landscape and living environment!

weighted by the crossed km (as for the average of gross densities).

This average is not really adapted to this category of dimensions since
the valuations "landscape and living environment" would not be easily
compensated.

2nd method : Calculation of the median

The median is the grade "landscape and living environment" that shares in
two equal lengths the zones ranked from the worst to the best valuation.
This median doesn't fary for an option, whatever the transformation of the
scale "landscape and living environment™ is. Moreover, the median doesn'd
imply compensation phenomena, it only permits to asert that 50 % of the

total length of an option has a grade overpassing the median grade X.
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But the median supposes that we do not take into account the global length
{and so global impact on landscape and living environment) of an optiom :

that's why we propose & third method.

33@ method ¢ the sensible length

We choose a grade over which the "landscape and living environment"

sensitivity is important. That could be 50. The sensitive length is,
for an option,.the length of the crossed zones which grade is overpassing
50. This method doesn't imply any compensation between grades.
The criterion "“landscape and living environment'" E for an option A
of n zones is them : u |
E(A) =S 1, with e < 50
1i =length crossed by option A in zone i

ey =grade "landscape and living enviromnment" of zone i.

5 = CONCLUSION

e 7 ks S s et e e
e o e o e T

t

At this stage of the decision procéss we have just tried to
pPrapose some significant criteria for the comparison of the impact on
population of different options of HV line routes. We can now get a table
where each option is valuated on each criterion. This ig the kind of
decision aid we were asked for. A further research could lead to shape
other criteria related to agriculture,.technicél difficultiesees
Implgmenting a'process of selection or ranking of options would be more

_ difficult because we are facing conflicting points of view.

But this work can already provide some aid : it supposes =&
systematic search for information in each zone;consequently, it may
generate new options, it makes also the consequences of each option on

‘population . more clear and so gives a basis for discussing or preparing

decision.
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