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Abstract
The challenges of medical demography have become a major issue today in France, mainly because of the conjunction 
of two phenomena. Namely, a massive retirement of the “baby boom” generation and a delay in the medical training 
induced by the “numerus clausus” that had not anticipated that phenomenon. Unfortunately, the repercussion of the 
population ageing on hospital consumption and consequently on medical demography is very poorly integrated into 
the calculation and implementation of the medical professions’ numerus clausus in 2010. Thus we suggest a model that 
not only identifi es the effective demand for care on operational geographical scale, namely, the health territory, but that 
also makes a projection of healthcare consumption based on the age of population of each “health territory” in a T+1 
future. To illustrate this model, we take as example the obstetricians’ activity in France.
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Introduction

The better territorial equity requires balance between supply 
and demand for care. But on which territory? At the local 
level, an operational infra-departmental territory or even sub-
urban territory for large cities should be defi ned. The territorial 
consensus between participants can be reached by managing 
both the fl ows of users and the geographical distribution of 
specialists on French territory. Furthermore, the territory is 
not fi xed in time, it changes in accordance with dynamics of 
its own population [1]. Among the determinants of health, the 
age variable is predominant in care consumption. The impact 
of population ageing on medical demography represents 
a signifi cant issue today [2], but it is still not, unfortunately, 
properly integrated into the calculation and the implementation 
of the numerus clausus, i.e. a number of students admitted to 
each medical, dental, pharmaceutical and midwifery program 
after the fi rst year of study [3].  So, it is legitimate for each 
discipline (medical, surgical, medical-surgical), or even for 
each specialty (urology, vascular surgery, obstetricians, 
etc.), to plan what their most likely activity would be in ten to 
fi fteen years to come. The medical and surgical specialties 
assignment, introduced by the Hospital Patient Health Territory 
(HPST) law of July 21, 2009, allows now to manage the fl ows 

Corresponding author: A. Kononovich

E-mail: katerina.kononovich@gmail.com

and to control the geographical distribution of specialists 
on the French territory according to the regional numerus 
clausus. It is a regulated number which is fi xed each year in 
accordance with population needs in care. The challenges of 
medical demography have become a major issue in public 
health taking into account the conjunction of two phenomena 
such as massive retirements of the “baby-boom” generation 
and a delay in the medical training due to the numerus clausus
[4, 5] that had not anticipated this phenomenon. However, it is 
necessary to identify the more precise population dynamics at 
the local level in order to determine the dynamics at regional 
level. 
The purpose of this study is to analyse the effective demand 
for care in the context of massive retirement of “baby boom” 
generation practitioners and a delay in the medical training 
induced by the “numerus clausus” that had not anticipated 
that phenomenon. The following questions are raised: the real 
population health care consumption, how can it be assessed? 
The health care supply, does it meet the population effective 
demand for care at the regional level? And will it be the case 
in the coming years? The example of the obstetricians’ activity 
in France will be studied.

© 2018 Katerina Kononovich. This is an open access article distributed under the 
Creative Commons Attribution-NonCommercial-NoDerivs license (http://creative-
commons.org/licenses/by-nc-nd/3.0/).
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To set up an operational network, the “departure-arrival” 
fl ows should be studied according to a given problematic 
(obstetrics, urology, etc.) by means of the “relative fl ow 
method”. Transposed to the hospital area, the “home-health 
centre” users’ fl ows are analysed. This method allows to 
defi ne the territory operational experience based on users’ 
spatial practices which doesn’t necessarily coincide with 
administrative territory borders.
This territorial approach can be presented with a scheme. 
In Figure 1, each arrow symbolises, not only, the volume of 
hospitalised patients living on this territorial entity (municipality, 
postal code), but also the major orientation of hospitalisation 
fl ows (even in relative terms) living in each municipality or 
postal code. The method is based on a “descending sort” of 
each “place of departure” to all “place of arrival”.

Figure 1. Relative major orientation of hospitalized 
patients to a hospital centre

As a result, all municipalities (postal codes) are then classifi ed 
without any overlap or omission, according to the importance 
of their place of departure and destination. All municipalities 
(or postal codes), whose major (even relative) fl ows of 

Operational space network

Benchmark territory construction
The territory, as it is defi ned in the dictionary of health 
geography of Henri Pichéral [6], can be spelled out through 
different aspects. The territory is a spatial organisation with 
well-defi ned borders where “any administrative and functional 
(health sector, supervision)… authority, power, competence 
are exercised. And in case if balance, equity is not provided 
or not well provided, it requires the territory planning by 
health care planning”. But the territory is also a space “of a 
community with its routine, its lifestyle habits; the territory is 
perceived, it is viewed as a space experience (living area) ....” 
Thus the territory can be defi ned as a an administrative space 
predetermined by the authority and based on the principle of 
top-down management, as well as a living area (experience 
territory) designed by users’ daily routine [7]. However, the 
experience territory remains unnoticed for a long time. This 
refers to the philosophical view of the subject as Berkeley’s 
[8] immaterialism stating “esse is percipi aut percipere” (Being 
means to be perceived or to perceive), which questions the 
very existence of the territory experience. But also to Kant’s [9] 
view and its concept of numen, an object of intellectual intuition, 
which brings to the concept of territory experience its right to 
exist (the territory is considered as a numen) [10]. Thus, it is 
necessary to study the daily practices of users, or the fl ows, to 
defi ne the experience territory borders.
Since the end of the 1980s, the health geographers have been 
interested in defi ning the operational health territory [11, 12]. 
Many options have been explored in order to overcome an 
inappropriate and obsolete geographical division of “health 
sectorisation” resulting from the hospital law of 1970 [13, 14]. 
The “Juppé Ordinances”, which came into force in April 1996, 
have changed the hospital landscape as establishments had to 
provide each year the data of their activity to the newly created 
Regional Hospitalisation Agencies. Consequently, since 1999 
the spatial activity of users can be tracked in each discipline or 
hospital specialty [15].

Methods

The methodology of this study is based on the setting up of the 
operational network. The application of the operational network 
technique in health geography is inspired by the Mirabel method 
of The National Institute of Statistics and Economic Studies 
(INSEE) proposed in 1975 by J-J Ronsac and C. Terrier. This 
method is initially based on the analysis of users’ “home-work” 
fl ows in order to delimit the “employment territory” [16, 17].
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hospitalised patients are directed to the same hospital centre, 
belong and constitute a health territory. The formulation of this 
major orientation of hospitalised patients to a hospital centre is 
represented as:

∑
= 

a""ty municipali the from coming patients edhospitalis
A""center  hospital  the to a""ty municipali  the from coming patients  edHospitalis

Majority tie  "Home − Hospital"  

Where
« a » is a « departure » spatial entity of hospitalised patients ;
« A » is an « arrival » hospital centre of hospitalised patients;

As this analysis is carried out for a given discipline (obstetrics, 
etc.) or for a given specialty segment (births, etc.), it comes to 
defi ning a space which refl ects a homogeneous spatial activity 
of hospitalised patients. This corresponds to a real “territory 
hospital experience”.

Results 

The operational territorial network of obstetricians in 
France 
The analysis of the fl ows in the 545 maternity units in 
metropolitan France in 2015 allows to identify 328 lived birth 
territories (Map 1). There are 7000 practicing obstetricians in 

metropolitan France to cover 800,000 births annually; however, 
the practitioners’ density is not homogeneous on each spatial 
entity [18, 19].

Differentiated spatial dynamics
The demographic dynamics are not the same on each health 
territory, so it is necessary to estimate the most probable 
changes in birth trend for the near future. For this purpose, 
we construct a “predictive model” for operational spatial 
entities based on the demographic structure changing over 
time.

Predictive modelling
This model proposes to estimate the healthcare consumption 
for “residents living on an operational territory” for the 
coming years (T1) [20]. Firstly, this model requires to identify 
the effective demand for hospital births at an operational 
geographical scale level in T0. Secondly, it proceeds to 
the projection of the number of hospital births according to 
population age structure on each health territory for T1 future. 
For this purpose, we perform a “standardization” according to 
age with the hospitalisation rates in T0, coming from Program 
for medicalization of the information systems (PMSI), on the 
age structure in T1 resulting from the OMPHALE-INSEE 
method [21, 22] on each health territory. The formula to 

Map 1. Variation in hospital activity related to births in metropolitan France between 2009 and 2012.
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Matching between supply and demand by 2020
The projection of hospital consumption related to births shows 
a slight growth at the national level between 2010 and 2020, 
i.e. 0.7% in 20 years. According to our model, the volume of 
hospital activity related to births in metropolitan France should 
rise from 777,800 acts (delivery and caesarean section) in 
2010 to 783,100 acts in 2020, which amounts to an increase of 
5,300 birth-related acts. However, this growth is far from being 
homogeneous across the country.
Finally, taking into account a consistent prospective vision 
means to group at the region level the results obtained at the 
local operational territories level. In this way, regional hospital 
demand related to births takes into account local features. 
In such a case, the numerus clausus related to the National 
Council of Universities (CNU) subsection of obstetricians 
should be increased in 3 regions, and decreased in Île-de-
France (IDF) (Table 2).

Discussion

The proposed model allowed to evaluate the effective 
demand of population for obstetrician care via the 
operational geographical network. As illustrated, the 
current administrative geographical division does not refl ect 
population spatial dynamics. So the territory operational 
experience should be taken into account for better planning 
the number of specialists on each health territory. In 2015 
Metropolitan France has 7000 obstetricians to cover 800 000 
births per year, which corresponds to 114 acts on average 
per practitioner. However, the distribution of practitioners in 
France remains unequal [25, 26]. The areas of attraction with 
a signifi cant concentration of practitioners can be identifi ed, 
such as Île-de-France with 1,813 practitioners for 179,053 
births in 2010, Rhône-Alpes region with 671 practitioners for 
80,095 births and PACA (Provence-Alpes-Côte d’Azur) with 
669 practitioners for 58,927 births; as well as territories with 
a lower concentration of practitioners, such as Limousin and 
Franche-Comté. If some disparities in hospital care regarding 
the effective demand are identifi ed, what would happen in the 
years to come? This question is signifi cant in view of changes 
in medical demography marked by the massive retirement of 
practitioners and the numerus clausus application. Indeed, 
the calculation of numerus clausus, which role is to settle the 
number of practicing doctors by region, takes into account 
only the number of retired practitioners, but does not integrate 
the dynamic of effective demand. A simple replacement of 
retirements will not be enough to cover the effective demand 
on some health territories which population continues to rise. 
It risks creating an important imbalance between supply and 
the effective demand for care between health territories. 

estimate hospital activity expected in T1 future on the spatial 
entity is expressed as follows:

∑ ⋅=
k

kTtPExpT
0

11  

Where:
Exp T1, is hospital activity on the spatial entity expected in T1;
k, is an age range;
P1, is the population size of k- age group in T1;
tkT0, is the hospital activity rate of each homogeneous patient 
age group k in T0.
Thirdly and fi nally, the result obtained from the predictive 
model is compared to the situation really observed in T1. 
Thus, a weighting index to each spatial entity predictive model 
can be established as follows:

1

1

TObsAct
ExpT

=λ  

Where:
 is a weighting index calculated on the basis of hospital activity 
between the period T0 and T1;
Act Obs T1, is hospital activity observed on the spatial entity 
in T1.

This weighting index is used then to calculate the activity 
projection for a T2 future which is more distant than T1. This 
weighting index  allows to correct the trend of the projections 
obtained from the initial predictive model and related only to 
the impact of population ageing on the hospital births. Thus, it 
means to take into account changes in the medical practices 
and the ways of hospitalisation between T0 and T1 for T2 future 
which remains unknown.
Thus, the formula to estimate hospital activity expected in T2 
future on the spatial entity is expressed as follows:

∑ ⋅⋅=
k

kTtPExpT λ
0

22  

Where:
ExpT2, is hospital activity expected in T2 future following T1 on 
the spatial entity;
k, is a range of homogeneous patient group;
P2, is the population size of k-group in T2;
tkT0, is the hospital activity rate of each homogeneous patient 
age group k in T0;
 is a weighting index calculated between T0 and T1.

This model is reliable for T2. Indeed, according to the research 
study published in 2012, the test on slope of regression line 
states that the volume of activity weighted and expected in T2 
does not show any signifi cant difference compared with the 
volume of activity observed in T2 [23, 24].
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This has been demonstrated by our model by identifying the 
effective demand in T0 period, which has allowed to estimate 
the effective demand for care in the coming years.
Thus, signifi cant changes in number of births are estimated 
by 2020 in three regions of Metropolitan France, such as 
Rhône-Alpes, PACA and Midi-Pyrénées, which will welcome 
2,305, 1,077 and 679 births more respectively. It should also 
be noted that despite a high concentration of practitioners 
in these regions, especially in Rhône-Alpes and PACA, 
the current supply of care will not be suffi cient to cover the 
increase in population health care needs. Indeed, in order 
to satisfy the actual population demand in care without 
overloading practitioners (taking as a reference the average 
number of acts per region and per practitioner), the Rhône-
Alpes region will need 21 practitioners more in addition to 
the replacement of retired practitioners, the PACA region will 
need 14 practitioners more and the Midi-Pyrénées region 7 

practitioners more (Table 2). Consequently, the numerus 
clausus should be increased in these regions.
The region of Brittany should be also mentioned with a slight 
decline in the number of births by 2020; however it would not 
have any impact on medical demography.
The proposed model also allows to identify a practitioner 
surplus in the Île-de-France region, which represents 6 
practitioners. In this case, the numerus clausus for the Île-
de-France region should be reduced by 6. The practitioner 
surplus has its impact on the care consumption as well. 
Indeed, previous studies have proved the impact of the 
increasing number of practitioners on the care consumption. 
This phenomenon, which refers to Say’s law of markets, has 
been analysed by health economist Robert Evans, who has 
determined that the increase in the number of practitioners 
will inevitably lead to an increase in the care consumption and 
so to the growth of health care costs [27].

Table 2. Estimated changes in number of obstetricians by region by 2020

Year 2010 2020 V* 2009/2020

Regions OB-GYN&GYN Birth acts OB-GYN&GYN Birth acts OB-GYN&GYN Birth acts

Rhone Alpes 671 80 095 692 82 400 21 2,88

РАСА 669 58 927 683 60 004 14 1,83

Midi Pyrenees 297 31 206 304 31 885 7 2,18

Aquitaine 364 33606 368 33 766 4 0,48

Nord Pas de Calais 424 55795 427 56131 3 0,60

Languedoc Roussillon 243 28913 246 29 248 3 1,16

Haute Normandie 149 22 282 151 22 624 2 1,54

Pays de la Loire 302 44633 304 44 661 2 0,04

Centre 226 29173 228 29 379 2 0,71

Auvergne 132 12952 133 12 986 1 0,26

Bourgogne 138 17 499 139 17 532 1 0,19

Picardie 160 22 925 161 23 141 1 0,94

Poitou Charentes 148 17 486 149 17 494 1 0.04

Alsace 225 22 009 226 22 087 1 0,36

Bretagne 297 36 830 297 36 770 0 -0,16

Limousin 56 7835 54 7591 -2 -3,12

Champagne Ardennes 112 15759 110 15 553 -2 -1,31

Lorraine 245 26152 243 25 865 -2 -1,10

Franche Comte 89 14 342 86 13 927 -3 -2,90

Basse Normandie 142 17 430 139 17 027 -3 -2,31

IDF 1813 179 053 1807 180 161 -6 0.62

Metropolitan France 6 902 774 903 6949 780 224 47 0.69
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Moreover, in terms of spatial equity, population will be unequally 
provided with healthcare which will be more and more 
dissociated from population real health needs. In geography, 
the paradigm is based on the principle that the knowledge of 
the “local” level allows to aggregate “larger spatial entities”. 
This “Girondine” approach, so federalist, offers the best 
possible vision on care consumption in order to defi ne then 
a precise geographic network. In these circumstances, the 
“dialectical game” of overlaying geographical scales allows to 
build the best possible matching between supply and “needs 
of care” of population, or rather, population effective demand 
for healthcare consumption.
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Thus, basing on the proposed model results, we can conclude 
that the numerus clausus should be adjusted to the effective 
demand at region level in order to satisfy the population needs 
in health care in the coming years. A particular attention should 
be paid to the regions of Rhône-Alpes, PACA, Midi-Pyrénées 
and Île-de-France.

Conclusion

This research aims primarily to provide the most realistic 
territorial diagnosis in order to present an objective expertise 
to “public authorities”. However, it is regrettable that the 
National Observatory of Health Professionals (ONDPS) still 
does not integrate in 2012 the impact of population ageing 
on the medical and surgical care in the calculation of the 
numerus clausus for each specialisation. Indeed, the simple 
replacement of retired doctors will not be enough to maintain 
the same level of activity for each practitioner. The impact 
of population ageing will inevitably lead to an increase of 
practitioners’ activity. This is due to the fact that the delegation 
of medical tasks to paramedical practitioners does not reach 
unanimous agreement among health practitioners, on the one 
hand, and that the estimation of numerus clausus is based 
only on the number of retired practitioners, on the other hand. 
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