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ABSTRACT 
 
It is well-known that the effectiveness and efficiency of a road system is directly correlated 
to its accessibility values. 
Measurements of variations in accessibility allow the effect of the interventions on the road 
system to be evaluated in terms of efficiency/costs and contribute to improving the 
profitability of the resources used. 
The functional structure of the urban settlements served by a road system is generally 
defined by using socio-economic indicators regarding the specific context and depend on 
the aim of the analysis. 
It is also known that the social and economic development of a region is directly correlated 
to the presence of appropriate infrastructural support and roads in particular, but it is also 
known that this condition is necessary but not sufficient. 
The aim of this study is to contribute to better knowledge of the relation between social 
and economic development and level of development of the road system of a territorial 
context, with particular regard to evaluating the feedback between the subsystems 
considered. 
With this aim in mind the coastal area of the Region of Apulia, between Foggia and 
Brindisi, with Bari, the Regional Capital, as its centre has been examined. 
This area has been indicated by the European Community as the hinge for exchange 
between Western Europe and the Balkan and Middle Eastern countries like Albania, 
Greece, etc., by means of corridor no. 8. 
Some “development indicators” and the “accessibility” regarding the period 1971-2001 
have been measured. 
The results have provided some information on the social and economic evolution trends 
of the examined area, which is of significant interest with regards to planning. 
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1. THE REFERENCE SYSTEM 
 
It is well known that the transport subsystem, consisting of the infrastructure system, is 
closely connected to the socioeconomic one and to that of the traffic circulating in that 
system. These three elements have a reciprocal influence on one another in that the 
development and change modes of the socioeconomic subsystem determine variations in 
the transport and movement subsystems and vice versa.  
It is well known that analysis of these reciprocal influences requires the assumption of a 
reference system consisting of three fundamental elements: 
• The transport subsystem "S", consisting of all the infrastructures supporting the 

different means of transport; 
• The activity subsystem "A", consisting of all the socioeconomic activity; 

 



• All the movements "C", consisting of the volumes of traffic which move from the various 
origins to the different destinations in the transport infrastructure system "S" (Fig. 1). 

 

 
Figure 1 – The reference system 

 
The relations between the three elements are the following: 
1. The relation "R1"; represents all the movements determined by the interaction between 

the transport system and that of the activities. The theory of Demand "R1d" and Supply 
R1o" is used to evaluate it.   

2. The relation "R2"; represents the feedback of traffic on the activities, expressed by the 
changes that it generates in time on the activity system, by means of the transport 
services supplied and the resources consumed for that service. 

3. The relation "R3"; represents the feedback of traffic on the transport system expressed 
by the variations in time that it determines on the supply of services. In relation to the 
current or expected movement, the State and the enterprises must develop new 
transport services or modify the existing ones. 

The transport system "S" and the territorial context "A" interact through these relations. 
The group of movements "C" operate as a regulator of the reciprocal influences by means 
of feedbacks "R2" and "R3". 
 
 
2. ANALYSIS OF FEEDBACKS IN THE SYSTEM  
 
As is well-known, the evolution trend of limited capacity systems is shown in fig. 2. The 
coordinate axles report the time and the evolution function of the system respectively. The 
initial development shows a positive feedback in the sense that the evolution accentuates 
the same phenomenon that determine development. From a certain point onwards, 
represented by the flexure point, the feedback becomes negative because the series of 
factors that cause the development are reduced. Having reached the maximum 
development level, the feedback becomes a positive again because a regression trend is 
determined and this generates and develops itself. The binding factor is thus the system’s 
capacity. The possibility of being able to continue the development, be it even in terms of 
negative feedback, remains that of varying the capacity of the system by increasing it from 
CA to CB. If the capacity limit is taken to a very high value (for instance CC of fig. 2), the 
evolution of the system may continue with positive feedback. In both cases the increase of 
the capacity limit means passing from a variation of state to a variation of structure. Thus 
the development in terms of systems, once full capacity has been reached, can only 
continue if this limit is moved, operating on a level of structure variation of the system 
itself. Any other type of intervention for these aims will not be effective. 
 

 



 
Figure 2 - Evolution trends of a limited capacity system 

 
The reference system adopted clearly shows how the social-economic-territorial 
development is connected to improving the infrastructure and how both factors always act 
at the same time with positive or negative feedbacks either favouring or slowing the 
reciprocal development.  
Modernising a road connection, increasing (relation R1o) the transport service supply, 
provides benefits to the bordering sites in terms of increased accessibility. Indeed, this is 
generally measured by the inverse of the journey times (or travel costs) (c.f. § 3.2). 
Reducing the travel and transport costs, increases the accessibility to the places which 
consequently become appetising for business sites. Incentives are thus provided (R2 
relation initially with positive feedback) for creating other bordering settlements and 
developing those already present. Thus the allocation of infrastructure is the driving force 
of developing businesses. The demand for transport thus increases.  
Later the increase in traffic on the system increases road congestion as a result of the 
capacity limit. The period of driving force of the available infrastructure ends when other 
areas, which have become more accessible, become competitive with the area under 
consideration due to the establishment of new sites.  
Thus begins the period in which the development of the territory, which continues in spite 
of the restraint resulting from congestion (R2 with negative feedback), makes further 
modernisation of the infrastructure system even more convenient and impossible to put off 
any more (feedback R3).  
 
 
3. ANALYSIS OF THE ACCESSIBILITY – TERRITORIAL DEVELOPMENT RELATION 
 
It is well known that a first approach to the problem only allows the accessibility – territorial 
development relation to be examined. 

 



Fig. 3 reports the trend in time of a general development indicator of the activity and of the 
corresponding level of accessibility. 
 

 
Figure 3 – Evolution of the development and accessibility indicator 

 
 

3.1 The development indicators (ISk) of activity in time 
 

The choice of the most appropriate development indicators to be related to the 
accessibility means a preliminary analysis on a data mass regarding the individual 
municipalities in the territory being examined, like:  
z Resident population 
z Active resident population 
z Number of employees in the local units 
z And others. 
In some cases a decreasing trend of the indicator in time can be determined. For instance, 
for a large settlement the number of employees in the secondary sector may decrease due 
to a crisis in the industrial sector or because of the conversion of many manufacturing 
businesses to the services sector. As can the resident population in a regional capital, due 
to the some of the population moving to areas outside the metropolitan area, coming into 
other municipal territories. In these cases the correlation of these variables with the 
accessibility will be evaluated by aggregating the employees of the secondary sector 
variable to that regarding other sectors and the resident population to that of the 
municipalities in the surrounding area.  
Fig. 4 reports the diagram regarding the development trend in time of a general indicator 
ISk, of a settlement in the territory being examined.  
 
 
 
 

 



 
 

 
Fig. 4 – Evolution of the development indicator 

 
 
3.2  Measurements of the accessibility (A) in time. 

As is well known, given a road system, represented by a line, with n origin and destination 
settlements, the measurement Ai, calculated as follows, can be taken to measure the 
accessibility of the ith settlement: 
 

Ai = Σi 1/cij 
 
where cij represents the travel cost for moving from the node "i" to the general destination 
node "j". 
As a consequence, the following measurement defines total system accessibility: 
 

AT = Σi Σj 1/cij 
 
The system accessibility trend in time is illustrated in fig. 5. 
Indeed, it is well known that the road costs progressively increase with the firstly elastic 
and then rigid conditioning and drop suddenly with modernisation interventions or realising 
new branches of the system. 
The rigorous evaluation of the travel costs according to the real mean price-volume 
curves, (P-Q)M of the various branches of the system, would give accessibility the trend 
reported in the solid line in fig. 5 in the time intervals in which there are no interventions 5. 
The operative difficulty for large systems to perform this evaluation has suggesting 
assuming the simplified travel cost hypothesis independent of the flow, obtaining the 
approximate trend, dotted in the same fig. 5. 
The diagram of fig. 3 can be obtained by overlaying those of figs. 4 and 5. It illustrates the 
trend of the measurable sizes like accessibility and a territorial development indicator, 

 



obtaining information on the recurrent time periods in which there is still an excess of 
capacity in the road system being examined and the social-economic-territorial  
development can continue, and the periods in which there are situations of congestion due 
to its insufficient capacity.  
 

 
Figure 5 – Evolution of the accessibility 

 

3.3 Correlation measurements  
A first variation of the ISk -A relationship at an established date may be carried out using 
correlation analysis, by associating the values of the indicators with those of accessibility 
of the corresponding year and evaluating the Pearson correlation coefficients "r" to 
measure the degree of reciprocal influence of the two indicators. 
The correlation coefficient is determined by the following relationship: 
                                                                 ___ 
                                                         r = √a b 
 
where a and b are the angular coefficients of the two regression lines regarding the 
relationship  A = f (ISk) and its inverse ISk= g(A). 
The graphs in fig. 6 and 7 illustrate the direct and inverse correlations between 
accessibility and general indicator ISk regarding the same centre. The value of the 
correlation coefficient was found to equal  0.939.  
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Figure 6 – Regression line of the relationship A = f (ISk) 
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Figure 7 – Regression line of the relationship ISk = g (A) 
 

 
4. EVALUATION OF THE INTERRELATIONS BETWEEN ELEMENTS OF THE SYSTEM 
    ASSUMED (A,S,C) 
 
A further contribution for a more precise and specific knowledge of the interrelations 
between the system elements assumed may be obtained if reference is made to the 
diagram in fig. 8. It reports: 
a) The mean price-volume curves (P-Q)M of alternative and rival road connections joined 

in a single section along an established line (O-D), created from a certain reference 
year (year zero) and subsequently modernised or newly created, and the relevant 
capacities. In this case the flows to be considered on the branches are not only those 
of the line  O-D but also all the flows between the various origins and destinations 

 



which use those branches in their maximum utility routes. A similar situation can easily 
be extended to the minimum capacity section of the whole system or to any established 
section of system made up of a certain number of branches, of which the mean price-
flow curves are known. The flow to be assumed on the sections will be given by the 
sum of the flows coming from all the  O-D pairs of the system which use those 
branches in their maximum utility routes. It is well known that these determinations are 
carried out by means of various types of traffic assignment models to the systems. The 
“capacity” of the section on the other hand will be given by aggregating the capacity of 
the individual branches making up the section. 

b) The demand for journeys in time is estimated by means of extrapolating from the flow 
data at the various dates, available from surveys, or evaluated by means of calibrated 
gravitational models.  

Analysis of this diagram allows the evolution trends of the system to be evidenced, 
distinguishing the following types of time periods: 

I. The phases in which the improvement intervention on the road (or on the 
system) has a positive influence on the territorial development. Here they are 
called type 1 phases. They begin with the realisation of the intervention. The 
degree of influence is measured by the difference between the capacity and the 
demand for journeys through the considered section. These phases coincide 
with the positive feedback of the infrastructure system on the activities 

II. The phases, called type 2 phases, in which the influence is reciprocal. These 
periods begin when the flow creates a limit to the development of the demand 
for journeys due to the effect of congestion. The degree of influence of the road 
supply on the development of the territory continues to be expressed by the 
difference between capacity and demand. The influence of the development of 
the territory on the demand for infrastructure is measured by the difference 
between demand for journeys and determined flow. These phases coincide with 
the negative feedback of the movement subsystem "C" on the activity, when the 
reciprocal conditioning of the vehicles begins as an effect of the capacity limits. 
This conditioning, defined elastic, operates as a brake to the development of 
activity with growing intensity. 

III. The phases, called type 3 phases, in which the development of the territory 
influences the demand for infrastructure. These periods begin when the demand 
reaches the capacity limit and end following the subsequent modernisation 
intervention. The degree of influence continues to be expressed by the 
difference between demand for journeys and determined flow. These phases 
coincide with a slowing action to development with positive feedback. Indeed, 
when the demand for journeys exceeds the capacity limit, it triggers a rigid 
conditioning phenomenon or one of “interrupted flow”, which generates a 
reduction of the traffic flows and consequently a possible de-localisation of the 
activities. Obviously the reduction of activity on the territory always occurs 
slightly after the manifestation of the interrupted flow of traffic phenomenon. 
Neglecting this delay comes within the limits of approximation of the adopted 
model. 

After the modernisation intervention, the type 1 development phase might not occur 
(positive feedback). This corresponds to the case illustrated in fig. 2, of the raising of the 
capacity to a value CB which is not sufficient to avoid elastic conditioning and the 
corresponding negative feedback. 
 
 
 
 

 



 

 
Figure 8 – Evolution trend of a territorial system 

 
 
5. APPLICATIVE EXAMPLE: THE APULIAN COASTAL AREA 
 
The proposed method has been applied to the road system of the Auplian coastal area, 
between the cities of Foggia and Brindisi (Fig. 9). The territory concerned includes 43 
municipalities. The data of the following variables regarding the censuses carried out on 
them between 1971 and 2001 have been considered. 
• Resident population 
z Active resident population 
z Active resident population secondary sector (industry and building) 
z Active resident population commerce sector 
z Active resident population tertiary sector excluding commerce  
z Number of employees in the local units 
z Employees in the secondary sector local units (industry and building) 
z Employees in the commercial sector local units 
z Employees in the tertiary sector local units excluding commerce 
z Students enrolled in Middle and secondary schools in the Municipality 
z Students enrolled in Universities in the Municipality. 
The values of the variables for the years between the censuses have been calculated by 
interpolation, obtaining the graph of the trend illustrated in fig. 4 for each centre and each 
variable.  
Moreover,  the accessibility according to the data formulation in § 3.2 has been calculated 
for each centre, thus obtaining a graph like that in fig. 5 for each centre.  

 



Amongst those considered, the variables most connected to the development of the 
system have been determined. 
Table 1 reports the percentage variations, positive or negative, regarding the year 2001 
compared to 1971. 
 

 
Figure 9 – Territory considered 

 
This table shows the variables which have decreased for each settlement. This decrease 
does not always indicate a reduction of the development of a settlement. Examine the 
decrease of the resident population in the cities of Bari, Foggia and Brindisi for instance. 
These large settlements are in line with the reduced birth rate in the most developed 
countries and with the tendency of new families to move to towns outside the metropolitan 
area. For these municipalities it is not worth establishing a correlation between the 
population variable and development of the infrastructure, unless, as has been carried out 
for Bari, the resident population is aggregated with that of the surrounding Municipalities. 
The decrease of employees in the units in the period ‘71- 2001 for the settlements of 
Foggia, Cerignola, Molfetta, Giovinazzo and Mola is connected to other reasons. The 
decrease is a consequence of the crisis affecting the industrial area located between 
Foggia and Cerignola for these two settlements. The Strada Statale 16 which connects the 
two settlements and the industrial area is only now being expanded to four lanes.  
The number of employees in the local units of Molfetta and Giovinazzo underwent a strong 
downward trend for all three sectors up to 1990. After that year the trend has been 
positive. This phenomenon can be connected to the building of the SS 16 bis which was 
opened to traffic around that time. The same phenomenon can be determined for Mola di 
Bari, where the peak of the crisis was around 1992, in which the modernisation of the SS 
16 in the section which serves that settlement was completed.  
 

 



Table 1 -  Percentage of change in 2001 compared to 1971 
  Resident Active loc. unit sec. l.u. sec. res. com. L.u com. res. serv. L.u. serv. res. Students 

  Pop. residents empl.  empl. empl. Empl. Empl. Empl. Empl. enrolled 

1 FOGGIA 3,000 120,991 -3,364 -9,709 32,219 -47,324 11,093 643,741 192,219 108,251 

2 ORTANOVA 19,000 394,754 103,071 209,845 42,204 54,561 14,725 2545,833 220,130 0,000 

3 CERIGNOLA 22,555 238,976 -17,104 -35,688 -11,166 -27,396 -22,049 234,234 46,617 108,176 

4 S. FERDINANDO  10,000 269,217 66,369 13,283 1,102 201,829 -20,652 814,035 91,093 100,000 

5 CANOSA DI PUGLIA 2,000 11,536 54,022 61,792 63,131 55,990 30,064 369,801 68,632 11,128 

6 BARLETTA 20,000 77,586 54,286 85,551 99,965 39,730 12,065 285,154 46,100 5,262 

7 ANDRIA 19,000 49,207 82,604 89,840 71,100 97,137 151,406 482,880 87,237 57,241 

8 TRANI 29,000 93,172 4,306 5,731 25,371 19,466 59,865 259,534 128,147 39,691 

9 CORATO 15,000 67,673 50,606 91,750 58,747 92,060 77,048 285,106 79,895 84,107 

10 BISCEGLIE 13,000 73,706 22,596 73,812 78,288 90,272 24,726 301,503 56,129 88,767 

11 RUVO DI PUGLIA 10,000 39,628 59,753 125,484 55,857 16,981 33,131 325,207 114,234 248,368 

12 TERLIZZI 20,000 57,474 17,084 -24,784 61,557 57,813 60,894 547,810 127,216 13,360 

13 MOLFETTA -2,000 40,116 -16,061 -58,462 21,462 -5,938 12,610 230,769 51,466 38,759 

14 GIOVINAZZO 12,000 53,241 -16,806 -55,099 -40,290 27,214 25,000 187,029 90,865 -6,250 

15 BITONTO 32,000 85,867 58,693 85,662 31,329 78,866 89,983 688,043 180,806 114,488 

16 PALO DEL COLLE 53,000 104,064 86,578 133,894 75,450 87,048 128,571 531,579 329,539 0,000 

17 BITETTO 51,000 71,849 31,247 57,205 38,484 72,727 206,667 475,862 104,678 1577,551 

18 MODUGNO 76,000 168,068 135,732 144,787 43,432 212,387 218,942 811,864 272,019 2605,714 

19 BARI -13,000 29,183 22,955 -29,753 -35,536 -5,922 -29,270 173,734 31,167 39,545 

20 BITRITTO 120,000 208,620 187,094 197,633 142,956 159,070 288,360 1043,860 529,936 0,000 

21 SANNICANDRO  30,000 25,375 29,505 151,969 69,346 11,640 90,361 212,766 129,119 0,000 

22 ADELFIA 62,000 117,802 56,199 -7,022 134,759 62,416 113,761 736,264 279,023 0,000 

23 VALENZANO 120,000 263,126 123,461 53,830 64,027 103,093 358,687 1275,806 650,391 100,000 

24 TRIGGIANO 51,000 118,010 21,256 -33,197 13,766 109,253 75,824 590,503 248,185 9486,207 

25 CAPURSO 100,000 172,884 197,766 294,909 62,679 339,035 173,067 814,925 521,296 0,000 

26 NOICATTARO 61,000 137,600 193,597 254,497 89,711 369,444 325,146 761,818 283,568 0,000 

27 CASAMASSIMA 53,000 46,553 229,319 429,940 50,761 867,577 204,800 499,275 225,526 0,000 

28 RUTIGLIANO 31,000 45,640 83,558 36,770 43,268 220,042 88,832 718,447 148,380 8488,710 

29 MOLA DI BARI 8,000 23,953 10,297 -28,413 32,228 59,116 -1,360 409,728 22,001 147,241 

30 TURI 7,000 -7,742 79,638 140,702 -32,119 43,771 11,765 458,427 77,348 1675,510 

31 CONVERSANO 29,000 45,787 72,102 145,638 48,242 190,888 223,733 583,333 142,401 17,530 

32 POLIGNANO A M. 19,000 19,356 93,272 0,704 25,307 225,872 169,755 420,000 215,402 0,000 

33 PUTIGNANO 24,000 47,208 50,301 -11,969 17,325 74,013 110,735 669,608 136,117 108,207 

34 CASTELLANA GR. 23,000 35,841 36,946 48,758 26,573 101,043 93,487 505,641 308,779 26,082 

35 MONOPOLI 21,000 52,433 45,105 40,163 29,098 108,229 102,902 331,350 125,053 167,345 

36 ALBEROBELLO 16,000 14,458 92,949 124,104 19,781 150,629 33,427 450,303 133,333 0,000 

37 FASANO 16,000 82,936 45,566 39,720 15,012 16,843 45,400 662,687 189,967 240,705 

38 LOCOROTONDO 19,000 20,366 154,903 218,165 60,907 262,939 138,730 667,619 156,736 325,532 

39 CISTERNINO 13,000 127,079 65,872 125,000 65,015 27,500 25,259 669,159 153,010 143,542 

40 OSTUNI 4,000 64,448 43,528 63,846 -20,699 -3,148 18,152 725,751 50,037 267,468 

41 CAROVIGNO 21,396 81,787 49,792 -14,925 -0,471 50,704 19,819 1114,063 190,244 0,000 

42 S. VITO DEI NORM. 7,000 27,369 58,523 15,079 -43,327 9,968 -8,039 636,641 132,717 728,571 

43 BRINDISI 12,000 111,107 6,023 -12,834 91,605 -42,176 -8,916 1372,500 212,092 -10,267 

 



A better correlation will probably be found between accessibility and the employees in the 
local units variable, if the effects of the road congestion on accessibility are taken into 
account, that is if the periodic decreases of these measurements illustrated in fig. 5 are not 
neglected. In the analysis of the system interrelations carried out, these effects were 
considered. 

5.1  Analysis of the correlation between accessibility and development indicators 
The results obtained with the correlation analysis are reported in table 2.  
 

 Table 2 – Correlation coefficients between  accessibility and development variables
  Resident Active loc. unit sec. l.u. sec. res. com. L.u com. res. serv. L.u. serv. res. Students
  Pop. residents empl.  empl. empl. Empl. Empl. Empl. Empl. enrolled
1 FOGGIA ns 0.936 ns ns 0.653 ns 0.626 0.795 0.873 0.913 
2 ORTANOVA 0.957 0.927 0.858 0.845 0.929 0.602 0.885 0.796 0.929 0.780 
3 CERIGNOLA 0.928 0.930 ns ns ns ns Ns 0.747 0.928 0.857 

4 S. FERDINANDO  0.956 0.855 0.478 ns 0.905 0.446 0.551 0.690 0.905 ns 
5 CANOSA DI PUGLIA 0.922 0.868 0.607 0.883 0.911 0.497 0.218 0.915 0.827 0.734 
6 BARLETTA 0.840 0.914 0.811 0.674 0.958 ns 0.844 0.939 0.914 0.543 
7 ANDRIA 0.947 0.938 0.456 0.814 0.918 0.463 0.846 0.804 0.805 0.921 
8 TRANI 0.915 0.925 ns ns 0.917 ns Ns 0.960 0.922 0.664 
9 CORATO 0.927 0.948 0.676 0.889 0.948 0.856 0.225 0.947 0.818 0.880 

10 BISCEGLIE 0.812 0.878 ns 0.879 0.911 0.233 0.698 0.891 0.782 0.836 
11 RUVO DI PUGLIA 0.896 0.921 0.369 0.829 0.929 ns 0.689 0.906 0.795 0.901 
12 TERLIZZI 0.953 0.934 ns ns 0.912 0.336 0.735 0.645 0.830 ns 
13 MOLFETTA ns 0.956 ns ns 0.879 ns Ns 0.938 0.802 0.813 
14 GIOVINAZZO 0.783 0.938 ns ns ns ns Ns 0.952 0.924 0.626 
15 BITONTO 0.943 0.950 0.735 0.776 0.230 0.283 Ns 0.947 0.950 0.960 
16 PALO DEL COLLE 0.961 0.955 0.455 0.307 0.937 0.624 Ns 0.913 0.932 ns 
17 BITETTO 0.911 0.957 0.614 0.845 0.938 0.632 Ns 0.948 0.926 0.899 
18 MODUGNO 0.763 0.927 0.855 0.825 0.656 0.721 Ns 0.950 0.967 0.780 
19 BARI ns 0.806 0.758 ns ns ns Ns 0.950 0.732 0.883 
20 BITRITTO 0.969 0.963 0.690 0.604 0.961 0.813 0.421 0.778 0.955 ns 
21 SANNICANDRO  0.929 0.907 ns 0.839 0.916 0.250 0.868 0.858 0.864 ns 
22 ADELFIA 0.945 0.917 0.866 0.638 0.909 0.558 0.890 0.845 0.897 ns 
23 VALENZANO 0.958 0.964 0.941 ns 0.959 0.859 Ns 0.973 0.962 ns 
24 TRIGGIANO 0.946 0.943 ns ns 0.922 0.860 Ns 0.917 0.917 0.891 
25 CAPURSO 0.976 0.934 0.969 2.881 0.942 0.966 0.654 0.908 0.884 ns 
26 NOICATTARO 0.955 0.968 0.871 0.917 0.944 0.777 0.404 0.922 0.906 ns 
27 CASAMASSIMA 0.883 0.888 0.817 0.747 0.894 0.893 0.147 0.904 0.875 ns 
28 RUTIGLIANO 0.974 0.965 0.876 0.715 0.903 0.705 0.273 0.886 0.836 0.846 
29 MOLA DI BARI ns 0.805 ns ns 0.930 ns Ns 0.952 0.930 0.519 
30 TURI 0.754 ns 0.606 0.845 ns 0.553 Ns 0.798 0.684 0.919 
31 CONVERSANO 0.957 0.943 0.780 0.876 0.905 0.894 Ns 0.899 0.776 0.669 
32 POLIGNANO A M. 0.677 0.683 0.653 ns 0.682 0.524 Ns 0.802 0.885 ns 
33 PUTIGNANO 0.933 0.934 ns ns 0.819 0.541 Ns 0.756 0.787 0.900 
34 CASTELLANA GR. 0.946 0.936 0.362 0.849 0.855 0.625 Ns 0.908 0.900 0.801 
35 MONOPOLI 0.752 0.821 0.935 0.667 0.864 0.563 Ns 0.804 0.897 0.684 
36 ALBEROBELLO 0.963 0.829 0.795 0.956 0.823 0.812 Ns 0.899 0.835 0.037 
37 FASANO 0.800 0.930 0.901 0.324 0.930 0.910 0.225 0.932 0.929 0.635 
38 LOCOROTONDO 0.951 0.968 0.969 0.889 0.974 0.882 0.373 0.984 0.943 0.824 
39 CISTERNINO 0.574 0.869 0.863 0.471 0.869 0.746 0.909 0.859 0.869 0.719 
40 OSTUNI 0.498 0.874 0.871 0.850 ns ns Ns 0.933 0.874 0.799 
41 CAROVIGNO 0.848 0.878 0.626 ns ns 0.311 Ns 0.912 0.878 0.546 
42 S. VITO DEI NORM. 0.457 0.879 0.641 ns ns ns Ns 0.916 0.879 0.756 
43 BRINDISI 0.526 0.900 ns ns 0.882 ns 0.853 0.862 0.931 ns 

ns = not significant    

 



 
Examining this table, it can be seen that for each individual variable the most appropriate 
variables for expressing the degree of development of a settlement are active resident 
population, the number of employees in the local units of the services sector and the active 
residents employed in the same sector. 
As a consequence, these variables can be related to the increases in accessibility, which 
each settlement benefits from, following the improvements on the system. 
In some circumstances, other variables amongst those considered are less appropriate to 
express the development of a centre for the following reasons:  
z The settlement expands and creates better infrastructure. This leads to expansion and 

realising productive or residential structures in the territories administered by other 
Municipalities. For this reason some variables, like for instance the number of 
employees in the local units of the secondary production sector, can be reduced, even 
if there is real development.  

z In the large settlements especially, there is a tendency for the activities of one sector to 
convert into those of others. It is well-known that in the most developed countries, the 
number of employees in the industrial sector is going down while the number in the 
services sector is increasing. Therefore, in this case the reduction of the employees in 
the secondary sector cannot be an index of withdrawal.  

z By improving the service of movement towards other centres, the reduction of index 
variables in small municipalities in particular, not equipped with all the services, can 
only express greater liberty in choosing residents. For instance a settlement without all 
the scholastic specialisations may see the number of students enrolled diminish 
according to the possibility of greater diversification of choices.  

In other cases, even if the variables chosen completely express the degree of 
development (or withdrawal) of the settlement, the correlation analysis with road 
accessibility does not provide satisfactory results. The main reason in many cases, as 
already indicated in the examples of Foggia, Cerignola, Molfetta, Giovinazzo and Mola, 
derives from having neglected the effects of road congestion on the accessibility, or the 
periodical decrease of this measurement illustrated in fig. 5.  
Moreover, as is well-known, the procedure which leads to determining the correlation 
coefficient only provides information on various types of connections, for instance time 
connections. As has been said, both of the factors connected to the territory and to the 
infrastructural system always make sure at the same time that there is balance in 
reciprocal development. This procedure does not usually permit the balance relations and 
the degree of the reciprocal influences to be determined. At the most it can easily 
determine the periods during which one factor is the main probable cause of developing 
another.  This limit has been overcome by analysing the systemic interrelations.  

5.2 Evaluation of the systemic interrelations.  
The territory concerned with the analysis represents the land-bound terminal part of the 
great European multi-modal connection determined as corridor 8 continuing towards 
Albania and the Balkan countries to the east. 
Within this territory, two sections have been determined to the north, including the 
settlements of Bisceglie-Andria / Molfetta-Corato (section 1) and the other to the south 
between the settlements Monopoli-Alberobello / Locorotondo-Fasano (section 2).  The 
graphs like fig. 8 referring to the two sections are reported in figs. 10 and 11. The price-
flow plain (P-Q) of the upper part reports the aggregated curves (P-Q)M, of the branches 
intercepted by the considered section.  
The flows on the relevant branches have been evaluated by means of a gravitational 
model, calibrated with the traffic data determined by the available censuses. 
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Figure 10 – Evolution trends of the system in section 1 

 
The mean hourly flows in the rush hours have been calculated for the individual branches 
and for aggregation of the section, as well as the approximated demands for journeys with 
a stationary trend assumed. 

 



The lower plain with time-flow coordinates (t-Q) reports the time trend of the traffic flows 
determined and calculated.  
The graph reported in fig. 10, regarding section 1, obtained by aggregating the road 
connections of the SS 16, SS 16 bis, the A14 motorway and the SS 98, shows the phases 
of interrelation between systems of road infrastructures, the traffic conditions on them and 
the activity evolution trend, at the various dates. 
Infrastructural interventions occurring in the various time periods and the evolution trend of 
the demand for journeys and the flow are reported.  
The system at the date of the beginning of observation (year zero = 1960) is in the type 2 
phase. The traffic conditions block the development of activities. 
There follows a period in which the system is in a type 3 indicated phase, where there is a 
deficit of capacity of the infrastructural system compared to the demand for journeys with 
possible situations of interrupted traffic and very low levels of services. In these conditions 
there can also be cases of de-localisation of activity due to expansion problems of the 
system. 
Table 3 reports the summary of the results for the whole period of observations 
considered. Columns 4-5 of this table in particular report the maximum differences 
between capacity-flow  (C-Q) and journey-flow demand respectively for each phase, both 
expressed in vehicles per hour. 
Their meaning is directly correlated with the type of phase in which the system is found. 
The evolution of the system in the whole period is characterised by a series of alternations 
between the various previously defined phases, which mainly show either a deficit of 
capacity of the system or an excess with quite long intermediate periods in which the 
development of the system with negative feedback prevails. 
 

Tab. 3. Section 1 – Description of the evolution of the system 
Year of cycle 

start 
Year of period 

start Phase type  (C-Q) 
vehicles/hr 

 (D-Q)  
vehicles/hr 

1958  Phase 2 700 300 not determined 
1961 Phase 3 ggg 1400 
1967 Phase 1 3200 ggg 

1969 Phase 2 2700 1400 
1967 

1978 Phase 3 ggg 2500 
1983 Phase 2 1100 900 1983 
1987 Phase 3 ggg 1300 
1989 Phase 1 3600 ggg 

1993 Phase 2 2500 1000 
1989 

2001 Phase 3 ggg not determined 
 
The graph regarding section 2, obtained by aggregating the connections regarding the 
roads SS 16, SS 379 and SS 172, (fig. 11) also reports the evolution of the “system” 
representing that territorial area in the period of time considered. 
The infrastructural interventions all carried out on the SS 16 adriatica and also the 
evolution of the journey demand and flow for the same period are also reported. 
A summary of the results is reported in table 4 with the same meaning as regards what 
has already been stated for table 3. 
The overall trend of the system in this section is basically different from the previous one. 
Phases 1 and 2 prevail in the various periods and that of type 3 is present only once for a 
brief period . This means that the infrastructural developments have generally been 
performed before the real need is expressed by the demand of journeys. 
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Figure 11 – Evolution trends of the system in section 2 

 
 
 
 
 

 



  Tab. 4. Section 2 – Description of the evolution of the system 
Year of cycle 

start 
Year of period 

start Phase type  (C-Q) 
vehicles/hr 

 (D-Q)  
vehicles/hr 

not determined not determined Phase 1 ggg not determined 
1973 Phase 1 1450 ggg 

1977 Phase 2 1250 500 
1973 

1989 Phase 3 ggg 600 
1990 Phase 1 1700 ggg 1990 
1997 Phase 2 550 100 

2000 2000 Phase 1 1000 ggg 

 
 
CONCLUSIONS  
 
The results obtained show on the one hand the efficiency and appropriateness of the 
model used to explain the territorial area sufficiently in systemic terms considering not only 
the direct influences between the elements making up the system, but also their relevant 
feedbacks; on the other they show the operative capacity of the method proposed to 
evaluate the evolution trends of the system for programming both various activities and 
infrastructural interventions on the road system. 
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