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Abstract 
Buiiding on Istat (1996), Brusco and Paba (1997) have deveioped a mathematicai 
aigorithm which tries to identify the number and the importance of Itaiian 
industriai districts. Unfortunateiy this aigorithm is too rigid and it rules out some 
important small-firm, speciaiized Iocai industries. To soive this probiem, we 
propose a Fuzzy System. W e obtain two main result. (l) Most of the industriai 
districts identified in the current Iiterature are still included, but it is now possible 
to recover some important districts ruled out by the crisp approach. (2) The score 
obtained allows us to rank, sector by sector, all the industriai districts according to 
their quantitative importance and to their adherence to the characteristic 
emphasized in the literature, whereas the crisp approach says oniy yes or not. 

l. lntroduction 

Pyke and Sengenberger (1990) define an industriai district as a Iocai "productive 
system", characterized by a large number of firms that are invoived at various 
stages, and in various ways, in the production of a homogeneous product. A 
significant feature is that a very high proportion of these firms are small or very 
small". Building on Istat (1996), Brusco and Paba (1997), deveioped a 
mathematical aigorithm which tries to identify the number and the quantitative 
importance ofltalian industriai districts in the period 1951-1991. The spatial units 
of observation are the 955 "locallabor systems", for the year 1981 ( see Istat-Irpet 
1986). This algorithm is based on four distinct indexes. The first measures the 
share of manufacturing employment in the local system, the second the share of 
manufacturing employment in small (less than 100 employees) firms, the third is a 
specialization index for the manufacturing sector, the fourth indicates the share of 
employment in small firms in the specialized sector. All the indexes are calculated 
with respect to national averages. A local system for which the four indexes result 
simultaneously greater than one is defined as an industriai district. Unfortunately 
this algorithm is too restrictive and rules out some important and well-known 
small-firms, specialized local industries. This, for example, is the case of the 



textile district of Biella, a small town in which 850 firms and 12,000 employees 
work in the textile sector. In order to selve this problem, we propose a Puzzy 
Inference System (G.Bojadziev, M.Bojadziev (1997), C. von Altrock (1997)). 
This method includes the fuzzification of the variables, the creation of the rules 
block, the fuzzy inference, which permits to evaluate the rules. The rules chosen 
are such that if, for each manufacturing sector, one index tums out slightly less 
than one, this deficiency is balanced by a good performance of the other indexes. 
W e decided t o add three new variables, w ho se aim is to evaluate the relative 
importance of the local system within each manufacturing industry and to contro l 
for the present of large firms. As a result, our Puzzy System provides a total score 
of the local system for each of the local system for each of the 14 manufacturing 
sectors. We have tested this system using the census data from 1951 to 1991 
relative to the 955 local systems. We obtain two main result. (l) Most of the 
industriai districts identified in the current literature are stili included, but it is 
now possible to recover some important districts ruled out by the crisp approach. 
(2) The score obtained allows us to rank, sector by sector, ali the industriai 
districts according to their quantitative importance and to their adherence to the 
characteristic emphasized in the literature, whereas the crisp approach gives only 
a positive or negative answer. We previde an example of this ranking for the 
textile sector in 1991. Pinally we compute for the five census years and for the 
whole country the share of employment in the industriai districts for each 
industriai sector and for the whole manufacturing industry. 

2 Crisp algorithm 

The algorithm developed by Brusco and Paba (1997) utilizes four indexes that 
must be greater than one. Indicating employment with L, the local labor system 
with the subscript j, each manufacturing sector with the subscript i, the whole 
manufacturing industry with the subscript m, we get: 

LÌ"' IL"'> 1 [share ofmanufacturing] 
L1 L 

where L represents total employment in the nation. 

Ljm,.s11wll /Lm,small l -- --> 
Lim L111 

[small firm condition] 

(l) 

(2) 

w h ere the subscript small indicates employment in firms with less than l 00 
employees and Lm is total manufacturing employment in the nation. 
Por at least one sector i : 

~~~ > 1 [ specialisation in d ex] (3) 
Ljm Lm 

where Li is total national employment in the sector i. 
Por at least one sector i for which the index defined in 3 is satisfied, it is required 
that: 
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L ji,small l Li,small l -- --> 
LF L; 

[ small firms in the specialized sector] (4) 

If a local system satisfies conditions (l) and (2) and, for at Ieast one sector i, 
conditions 3 and 4 are aiso satisfied, the Iocai system is called «industriai district» 
and the sectors i, for which conditions (3) and (4) are satisfied, are called 
«specializatiom> of the district. One district may have more than one 
speciaiization. The sector, for which index (3) is highest, is called «dominant 
sector» and usually the district is identified by that sector. 

3 A new approach. Fuzzy Inference System 

W e deveioped a Fuzzy System (G.Bojadziev, M.Bojadziev (1997), C. von Altrock 
(1997)) in which we use using the four indexes as initiai inputs. These are 
aggregated together to provide an intermediate output. The index of specialization 
(3) is considered the most important of the four. The crisp approach does not 
discriminate between a district with few empioyees and a district empioying a 
reievant share of workers in a specific sector. As a consequence, the simpie 
fuzzification of the four indexes provide a ranking in which industriai districts 
with a small number of workers may be ranked in a better position than districts 
that are ~much more important in the terms of empioyment (Bruni, Facchinetti and 
Paba 1999). To avoid this and to provide a ranking which has a clear economie 
interpretation, we have added three new variabies. Foe each manufacturing sector, 
these are (i) the absolute number of empioyees in the Iocai system, (ii) the share of 
empioyees in the Iocai system over the total nationai empioyment, (iii) the share 
of empioyment in firms with less than 200 empioyees (Fig. l). 

Figure l 

The aim of these variabies is, respectively, to ruie out local industries which are 
too small in absolute terms to have economie significance, to weight the relative 
importance of the local industry in a specific sector, to contro l for the presence of 
medium sized and large firms. 
The first four indexes have been fuzzified using three linguistic terms: low, 
satisfactory and high. The bounds of singular fuzzy numbers are obtained by 
experimental value. The first Rule-Block, which has 81 rules, is obtained 
combining the four indexes. The intermediate output gives an evaluation on the 
manufacturing of every territory. The second Rule Biock is obtained combining 
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the intermediate output with the control variables. The final output is a ranking of 
«fuzzy districts» . All the local systems that have a final valuation bigger or equal 
to l 00% are classified as «fuzzy districts». 
As it's possible to see in Figure l, we have use the MIN operator as aggregator of 
previous data and for the result aggregation we have used the MAX method. 
For the defuzzification step we have used the Center ofMaximum. 
In figure 2, we report some results relative to the textile industry in 1991. A 
number of local systems that aren't districts in the crisp sense can now be defined 
as industriai districts with the fuzzy approach. This is because the relatively poor 
performance of some index is more than counterbalanced by a good performance 
of some of the other indexes. In particular, we recover some highly specialized 
local systems, which represent a significant share of employment in the textile 
industry, where the size of firms result slightly above the national average due to 
the no t dominant presence of medium sized firms. 

Lo c al Empl Empl Empi< Empi< index index index index Classic Fuzzy 
system % 100 200 lo 20 30 40 District 
Prato 10,18 38078 97% 100% 1,466 1,446 10,790 1,326 YES 150,00% 
Carpi 2,10 7856 96% 100% 1,648 1,316 5,047 1,314 YES 150,00% 

Gallarate 3,20 11984 86% 96% 1,656 1,164 3,781 1,166 YES 145,00% 
Biella 3,32 12430 68% 82% 1,307 0,994 8,935 0,923 NO 144,46% 
Asola 1,09 4076 79% 88% 1,726 1,276 9,163 1,081 YES 139,94% 
Como 2,90 10855 61% 88% l, 151 0,965 5,508 0,836 NO 138,25% 

Cossato 2,35 8771 58% 79% 1,675 0,963 11,023 0,792 NO 133,63% 
Olgiate C. 1,60 5975 64% 86% 1,630 0,886 5,474 0,879 NO 132,35% 
Busto A. 4,09 15283 68% 81% 1,540 1,070 3,594 0,927 NO 130,15% 

Leffe 1,27 4763 62% 75% 1,773 1,049 6,816 0,842 NO 130,03% 
Treviso 1,49 5590 72% 75% 1,201 1,126 2,002 0,979 NO 128,86% 
Oggiono 0,81 3031 72% 76% 1,688 1,125 3,599 0,984 NO 128,24% 
Pistoia 0,78 2913 100% 100% 1,146 1,291 2,621 1,363 YES 125,23% 

Mirandola 0,71 2661 91% 91% 1,562 1,068 2,260 1,245 YES 122,16% 

Figure 2 

4 The fuzzy industriai districts . the ltalian ID 

manufacturing industry 

In Bruso and Paba (1997), a local system may result as an industriai district even 
its most important specialized sector accounts for negligible share of local 
employment. According to Marshall (1890), however, a necessary condition is the 
local predominance of a specific industry. In his own words, that industry must be 
so important that its " secrets are in the air ". Following Marshall, we decide to 
take into account the relative weight in terms of employment of the sectors that 
satisfy our fuzzy algorithm for each local system. We than consider industriai 
districts only of the local systems in which the sum of employment shares of the 
above sectors is bigger than 0,25. In other words, we require that more than a 
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quarter of total manufacturing employment of a local system be employed in a 
sector that ha ve the characteristic of the districts. 
Using the census database, we are now able to estimate the relative importance of 
industriai districts in the Italian industry for the period 1951-1991. The estimate 
for the whole manufacturing sector are reported in Figure 3. Although the number 
of the local systems included is different, the aggregate results are similar to those 
obtained by Brusco and Paba, but only for the last three census years. They differ 
significantly in 1951 and 1961, w h ere the fuzzy estimates are respectively 7 an d 
11 percentage points higher. 

Figure 3 

Employment shares in industriai districts over total 
manufacturing employment in the five census years 

1971 1981 

Years 
1991 

Figure 4 shows the behavior of the employment shares for each manufacturing 
sector 

Share of employment in industriai district by manufacturing sector in the five census years 
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5 Conclusions 

In comparison to the crisp approach prevaiiing in the Iiterature, the appiication of 
a fuzzy aigorithm to the quaiification of industriai districts presents two main 
advantages. First, its allows the inclusion of some important districts which are 
usually ruied out by the rigid ruies of the crisp aigorithm. This makes the 
estimates of importance of this systems of production more reiiable than the exing 
ones. Second, i t provides a ranking of the districts according to their quantitative 
importance and to their adherence to the characteristics emphasized in the 
Iiterature. This ranking not only improves our knowiedge of this type of industriai 
organization but i t is crociai for the anaiysis of the dynamic behavior of industriai 
districts over time, which is the subject of our future work. The ranking may aiso 
be used for industriai poiicy purposes. 
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