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Abstract— We make a comparative analysis of two proposals 
for setting up a facilities-based metropolitan network to serve the 
education and research community in the city of Belém do Pará 
in Brazil, using the "do-it-yourself" (DIY) model of building 
infrastructure, and benefiting around a dozen research and 
education institutions. The first alternative is to build a fiber 
optic network, using Gigabit Ethernet technology. The second 
one uses a metropolitan wireless network, based on the IEEE 
802.16 standard, studying the feasibility of the use of this 
technology in a context with the particular characteristics of the 
Amazon region. In both cases, we show that the capital cost for 
each institution is feasible, and that the total cost in the medium 
term is lower than the recurrent costs of maintaining the 
traditional model based on telecommunications provider services. 

Keywords – Metropolitan Networks, optical fiber, 802.16. 

I. INTRODUCTION 
 Amazonia, the northern region of Brazil, with an area 

of 3.869.637,9 km2, corresponding to 45,27% of the total area 
of Brazil, is known worldwide as the home of the Amazon 
rainforest with its extraordinary biodiversity. The total 
population of the region is rather low, which signifies fairly 
low population densities because of the huge area involved. 
Nevertheless, during the last few decades, as a result of internal 
migration, the regional population has grown at a higher rate 
then the rest of the country, attaining an annual rate of 4.5% 
during the 1980s, compared with the national average of l.8% 
[1,2]. The largest metropolitan area in Amazonia, with a 
population of around two million, is centered on the city of 
Belém, capital of the State of Pará. Belém is the major city of 
the region and, together with Manaus, capital of the State of 
Amazonas, is one of the ports of entry to the Amazon region of 
Brazil. 

 Belém is home to around a dozen higher education 
and/or research institutions (HERIs), including some of 
national and international renown, such as the Federal 

University of Pará (UFPA), the Emílio Goeldi Museum 
(MPEG) and the Evandro Chagas Institute (IEC). Most of these 
institutions maintain two or more campi within the 
metropolitan area of Belém, and in all cases the communication 
between these campi is deficient, of low capacity  and 
quite expensive. In addition, few of these institutions currently 
possess good quality access to the national backbone network 
of RNP (Rede Nacional de Ensino e Pesquisa), the National 
Research and Education Network (NREN) of Brazil, which 
provides advanced national and international Internet 
connectivity to the Brazilian academic community, through 27 
PoPs (Points of Presence), located in the state capitals and in 
the national capital, Brasília (see http://www.rnp.br/en). In 
Belém the RNP PoP is located in the main campus of UFPA. 

 As a general rule, the urban access connections used 
by these HERIs to interconnect their campi, or to connect to the 
Internet, either by way of the RNP network or through a 
commercial ISP, use low-capacity links (between 64 kbps and 
1 Mbps) provided by commercial telecommunications 
providers. This makes it impossible to utilize more modern 
communication applications, such as videoconferencing and 
intensive distributed processing. Increasing these link 
capacities is currently so expensive that to maintain this kind of 
solution precludes any short-term perspective of improving the 
capacity of communication services at a reasonable cost. 

 Typical annual costs of these urban access links 
within Belém are US$6,500 for a 256 kbps circuit and 
US$14,000 for 1 Mbps. As a general rule, the cost of rental of 
these links increases with link capacity, such that for four times 
the capacity, the cost approximately doubles, as in the above 
examples. Thus, by extrapolation, we deduce that a 10 Mbps 
link would have an annual cost of US$45,000. 

 As an alternative to commercial telecommunications 
providers, there exists the option of investing in one's own 
telecommunications infrastructure (so-called "do-it-yourself" 
networking [3]), which has become very common in several 
European countries, in Canada and, more recently, in the USA This work was supported by  the Financiadora de Estudos e Projetos - 

FINEP, of the Brazilian Ministry of Science and Technology, under Grant 
0104106300. 



[4]. Such infrastructure may be based on wireless or optical 
fiber links. 

 Recently RNP together with UFPA has developed a 
high-speed metropolitan area network (MAN) project, 
MetroBel, based on ownership of the telecommunications 
infrastructure, in order to interconnect the HERIs in Belém. 
Partial financial support of approximately U$400,000 has been 
made available for this project through the Amazonia Fund of 
the Ministry of Science and Technology (MCT). 

 The purpose of this article is to describe and then to 
make a comparative analysis of two alternative technological 
solutions for setting up a MAN to serve the needs of the 
community of about a dozen HERIs in Belém. The first of 
these is based on a fiber optic network, using Gigabit Ethernet 
technology. The other is based on IEEE 802.16 wireless MAN 
technology, with emphasis on the suitability of its use in the 
particular context of the Amazon region of Brazil. In both 
cases, it may be shown that the investment cost per HERI is 
affordable and the total cost of providing the service is far 
cheaper than the traditional model of renting commercial 
telecommunications services. 

 In addition to this introduction, this paper has a further 
five sections. In Section II we present the relevant geographical 
characteristics of the city of Belém. Sections III and IV 
describe, respectively, the optical MAN project, using Gigabit 
Ethernet, and the IEEE 802.16 wireless MAN project, and a 
comparative analysis these two projects is presented in Section 
V. In Section VI we present our conclusion. 

II. THE SCENARIO OF BELÉM DO PARÁ 
The characteristics of the city of Belém include such 

climatic features of the Amazon region as frequent, heavy 
rainfall, many trees, and mostly low-rise buildings. All these 
aspects have to be taken into consideration when examining the 
feasibility of building a MAN in Belém. 

A. The Metropolitan Area of Belém do Pará 
Belém, the largest metropolis in Amazonia, in located in the 

far north of Brazil, in the State of Pará, approximately 160km 
south of the Equator, and bathed by the waters of the Bay of 
Guajará, and of the rivers Guamá and Capim. 

In 2004 the city population was estimated to be 1,421,000, 
and that of the entire metropolitan area around 1,900,000, 
which makes it the eighth largest metropolis in Brazil [2]. The 
area of the city of Belém is 516 km2, of which two thirds are 
islands. Belém is also known as the City of Mango Trees, due 
to the high number of these large trees found in its streets. 

The climate of the region is tropical and humid, with high 
rainfall. The minimum temperatures are around 18°C, during 
the night, whilst the maximum temperatures can reach almost 
40°C, especially between July and November (a period locally 
known as summer). The climate of Belém can be summarized 
as follows [1,2]: 

- high temperatures (always above 18º C); 

- light winds separated by moments of calm; 

- high relative humidity (between 57% and 97% during 
the day); 

- abundant rainfall, between 1500 and 3000 mm  
annually; 

- annual mean temperature 25,9º C (in 1995); 

- no obvious seasonal variation in temperature, which 
would distinguish a cold season from a hot season; 

- the months of December to May are the wettest (and 
are known locally as winter). 

So far as the terrain is concerned, in the view of its 
inhabitants, Belém has always had the reputation of not 
possessing a subsoil appropriate for tall buildings. However, in 
recent years, as a result of advances in the technology of 
foundations, this barrier has been crossed and taller buildings 
are being built, even if these are not quite so tall as in other 
cities of Brazil [2]. Apart from these subsoil characteristics, it 
is appropriate de mention that Belém has neither mountains nor 
hills, with just slight alterations in the altitude of different parts 
of the city. 

B. Institutions involved 
 The project of the research and education community 

MAN proposed for Belém includes the main centers of higher 
education, research and technology in the metropolitan area. 
The main objective is to interconnect the HERIs using a city-
wide network, which is sufficiently reliable, fast enough and 
secure enough to support information sharing between users, 
and with sufficient redundancy that no single fault will 
interrupt its operation. Such a network will be linked to the 
RNP's national network, in order to provide remote 
communication with the remainder of the country or other 
countries.  

 For a HERI engaged in collaboration or cooperation 
activities with other HERIs within or outside Brazil, connection 
to the national RNP network is desirable, as this network and 
its associated research and education networks generally offer 
higher capacity or better quality service than the commercial 
ISPs. In order to connect to the national RNP network, a HERI 
needs to have a connection to the RNP PoP in its state. As 
already mentioned, the RNP PoP in the State of Pará is located 
on the principal campus of UFPA in Belém, and currently is 
connected to the remainder of the RNP network through a 34 
Mbps link. This link may be updated if there is more demand. 

 The HERIs which are expected to participate in a 
future MAN in Belém include: 

- Centro Federal de Educação Tecnológico do Pará - 
CEFET-PA 

- Centro Nacional de Primatas - CENP 

- Centro Universitário do Pará - CESUPA 

- Companhia de Pesquisas Minerais - CPRM 

- Empresa Brasileira de Pesquisa Agropecuária – 
EMBRAPA 

- Instituto de Estudos Superiores da Amazônia – IESAM 



- Instituto Evandro Chagas - IEC 

- Museu Paraense Emilio Goeldi – MPEG 

- Sistema de Proteção da Amazônia – SIPAM 

- Universidade da Amazônia - UNAMA 

- Universidade do Estado do Pará - UEPA 

- Universidade Federal do Pará – UFPA 

- Universidade Federal Rural da Amazônia – UFRA 

Fig. 1 shows the locations of the HERIs in Belém. 
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Figure 1.  Figure 1. Location of the campi of the HERIs in Belém. 

At present, few of these institutions are connected to the 
PoP in Belém of the national RNP network. These include 
MPEG (34 Mbps link), UEPA (512 Kbps) and UFRA (1 
Mbps). In the cases of MPEG and UEPA, as is also the case 
with UFPA, there are secondary campi in Belém connected to 
the main campus using low-speed connections, which are 
usually 128 kbps, for UEPA and UFPA, and 256 kbps for 
MPEG. 

III. ALTERNATIVE 1: OPTICAL MAN 
The MetroBel network, presently under construction, is the 

first of a series of new MANs, based on a community-owned 
fiber optic infrastructure and dedicated to the research and 
higher education community in Brazil. The pioneering model 
of MetroBel has served as the basis for the ambitious program 
of national extent being carried out by RNP known as  
RedeComEP [5], using the same technology for building 
consortium-based, self-sustaining MANs in all state capitals 
and the national capital. RedeComEP has been awarded 
financial support of around US$13 million from the National 
Fund for Scientific and Technological Development of the 
Ministry of Science and Technology (MCT). 

Belém is a favorable location for this technology, as the city 
is relatively compact, and the electrical distribution network 
operated by the utility company, CELPA, uses aerial cables 
supported by utility poles in practically the entire city. CELPA 
has agreed to permit the use of its network of utility poles for 
supporting MetroBel optical cables, subject to a monthly rent 
of around US$0.50 per pole, and the right to use two fibers in 
the installed cable. A similar fiber optic network, built in 1998 
by the Federal University of the State of Rio de Janeiro (UFF) 

in the city of Niterói in the State of Rio de Janeiro, used around 
500 poles for a distance of 12 km. Thus we estimate that 
MetroBel will require the use of around 1600 poles for a total 
distance of around 40 km, resulting in a monthly rental of 
around US$800, to be shared by a dozen participating 
institutions.  

The cost of buildng the fiber optic infrastructure is 
estimated at around US$6,000 per km, for a cable with 48 
fibers, at a total cost of around US$240,000. The cable will 
physically interconnect the different urban campi of each 
participating HERI, including the main campus of UFPA, 
location of the PoP of the national RNP network. The basic 
concept is that each HERI will have dedicated use of a fiber 
pair in the cable. The plan is for a HERI to use its fiber pair, 
most probably with Gigabit Ethernet, in order to provide 
connectivity between its urban campi, and also access to the 
PoP of the national RNP network at UFPA (see Fig. 2). In this 
way, all the HERIs will exchange traffic at the RNP PoP at 
UFPA.  
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Figure 2.  Campus connections of different HERIs. 

So far as the route followed by the optical cable is 
concerned, two considerations are relevant: the maximum 
reach of optical communication, and the requirement of 
redundant topology, so that a single node or link failure will not 
partition the network.  

The optical interfaces used are of two kinds: cheaper LX 
interfaces of medium reach, up to about 10 km, and much more 
expensive ZX interfaces of long reach, up to about 80 km. The 
number of each kind of interface needed, and thus the cost, is 
significantly affected by the cable routing. 

 

PoP-PA

Campus
1

Campus
3

Campus
2

PoP-PA

Campus
1

Campus
3

Campus
2

Cut

(a) closed ring (b) Ring with a cut in the 
cable

PoP-PA

Campus
1

Campus
3

Campus
2

PoP-PA

Campus
1

Campus
3

Campus
2

PoP-PA

Campus
1

Campus
3

Campus
2

Cut

(a) closed ring (b) Ring with a cut in the 
cable  

Figure 3.  Connection between the campi of different HERIs. 



Redundant topology implies the existence of at least two 
alternative paths between each pair of network nodes, which is 
simply obtained if the cable route forms a closed ring. In Fig. 3, 
the interconnection between the points served is shown using 
the two sides of the ring. 

As previously mentioned, the optical fiber medium should 
be lit up using a LAN technology such as Gigabit Ethernet, 
which offers excellent price-performance. Recent estimates of 
cost suggest that the total cost of equipment required, including 
optical interfaces, for Gigabit Ethernet transport is of the order 
of US$140,000. Table I summarizes the total investment costs 
of this model of MAN. 

TABLE I.  ESTIMATED COSTS OF OPTICAL MAN DEPLOYMENT 

Final Costs 
(estimated) 

Installation of optical 
fiber  (US$) 

Equipment cost, including 
interfaces (US$) 

Cost per 
institution 

20,000 11,667 

Total cost (12 
institutions) 

240,000 140,000 

IV. ALTERNATIVE 2: WIRELESS MAN 
In any network implementation project, there are two 

fundamental points which need to be considered: the physical 
environment where the network will be deployed and the costs 
involved. In the case of wireline networks, analysis of the 
physical environment is basically related to the maximum 
extent of the cables and to the infrastructure required for their 
installation. For wireless networks, on the other hand, this 
analysis is mainly related to obstacles to the propagation of the 
radio signal. A prior analysis of these factors is an essential 
requirement for successful deployment of the network.  

A.  Analysis of possible interference in the Belém area 
As previously mentioned, the vast majority of buildings in 

Belém are not very tall. This characteristic has its down side, 
since few tall sites are readily available for setting up antennas 
and/or base stations, and, in consequence, it is difficult to 
achieve a line of site (LOS) between radio stations. This is 
particularly true of the buildings of the university and research 
institutions which are the potential clients of our MAN project, 
as these tend to develop horizontally rather than vertically. 

Taking into consideration this characteristic of buildings in 
Belém, a necessary requirement is for the base station to be in a 
sufficiently high location, to possess LOS of buildings 
throughout the city. However, as already mentioned, Belém has 
no high relief of any kind for installing such a base station. An 
alternative would be to operate the network with radio 
equipment which does not require LOS of the receiver, thus 
permitting signal reception even in low buildings, and 
eliminating the need and expense of building a very high 
transmission tower. 

Another point that must be considered is the surface 
absorption of radio waves. In our case, the large numbers of 
trees in Belém can provoke significant losses. In addition, the 
existence of LOS can change over time in an unpredictable 
way due to tree growth.  

Due to the climate of Belém, with high incidence of heavy 
rainfall, the probability of radio interference in a wireless 
network is very high. Radio frequencies in the range from 10 to 
60 GHz are known as millimeter waves, and they are absorbed 
by falling rain [6,7]. Thus it would be preferable to employ in 
Belém a wireless MAN using the IEEE standard 802.16a 1 
[7,8], operating in the frequency band between 2 and 11 GHz, 
thus reducing absorption by rain. IEEE 802.16a also supports 
non line of sight (NLOS) communication, thus making it the 
wireless MAN technology of choice for cities which share the 
physical and climatic characteristics of Belém. 

B. Network topology 
IEEE 802.16a has as an important advantage the possibility 

of NLOS communication between stations, and can also 
support both point-multipoint and mesh topologies. Taking into 
consideration the need for reliable, robust communication in 
our wireless MAN, a mesh topology is proposed as more 
appropriate. One great advantage of mesh topology is that 
failure in some links will usually not partition the network. A 
point-multipoint topology could also be used, but this would 
probably not employ redundant links. 

In a mesh topology wireless network, a system (or site) 
with a direct connection to backhaul services off the wireless 
network is called a mesh base station. All the remaining 
systems in the mesh network are referred to as mesh clients. 
Within the context of a mesh, uplink and downlink are defined 
as traffic to and from the mesh base station, respectively [11].  

In a mesh network, each client station behaves as a repeater 
node, allowing traffic to be distributed throughout an 
interconnected network. 

This capability of communicating by way of multiple 
intermediaries allows the use of alternative routes to avoid 
congestion points and obstacles to LOS, whilst at the same time 
improving performance as more clients join the network. 

Mesh networks limit, or even eliminate, the need for 
backhaul, whilst providing additional benefits, such as 
optimized dynamic routing and automatic load balancing. 
Mesh architecture provides redundancy and greater reliability, 
due to the ease of adding further nodes, although these will 
need to be closer together. 

The standard admits links of up to 50 km, in optimal 
circumstances including LOS, and with a data rate reduced to a 
few Mbps. This distance might be reached in a rural setting, 
with few cars, buildings and trees and in the absence of any 
other factor which reduces the radio signal strength, such as 
rain. However, such conditions are unattainable in the setting 
of a large city, and it is more realistic to consider a limit to 
LOS transmission of around 20 km. With NLOS transmission, 
the range of IEEE 802.16a transmission is reduced to between 
8 and 10 km, with a bandwidth of 75 Mbps in a 20 MHz 
channel. Since Belém is a relatively compact city, this kind of 
solution is acceptable. 

                                                           
1 - Recently the variant 802.16a was incorporated into the 802.16 standard, 
thus using the same number for both. However, we shall here maintain the old 
distinction between the two alternatives. 



C. Deployment Costs 
An important property of wireless networks is that it is not 

necessary to speak of cost per km, as such networks do not use 
a physical infrastructure for transmission. The costs in this case 
are confined to the radio equipment at the base and user 
stations. However, mesh topology is the most expensive 
alternative for wireless networks, as each node needs to have 
routing capabilities. On the other hand, as we have already 
pointed out, a mesh architecture reduces, or even eliminates, 
the need for backhaul, which is often the major cost in setting 
up a broadband wireless network. 

Generally speaking, deployment costs for a IEEE 802.16a 
MAN, using a mesh topology and NLOS transmission 
correspond to the acquisition of the user radio equipment and 
building infrastructure for antenna installation.  

Costs with customer premises equipment (CPE) can vary 
depending on whether the customer is residential or business. 
For residential customers, current equipment costs are around 
US$350, whereas business customers should expect to pay 
between US$700 and US$1,400 [9]. Nevertheless, it is 
probable that these costs will fall considerably during the 
period 2005/2006, with the arrival of the first products on the 
market. If required, infrastructure costs are estimated at around 
US$1,000 per station. Table II summarizes these costs. 

TABLE II.  TOTAL DEPLOYMENT COSTS. 

Final costs (estimated) CPE  (US$) Infrastructure, if needed 
(US$) 

per station 1,500.00 1,000.00 
Total 45,000.00 30,000.00 

 
Just for the sake of completeness, we should point out that, 

in the case of the adoption of a point-multipoint topology with 
LOS, there are two further costs in deploying the base station: 
the equipment cost and the installation cost of the antenna. It is 
estimated that for US$20,000 a base station can be acquired to 
provide 60 T1 (1.5 Mbps) circuits for business customers and 
hundreds of residential access links [8]. Installation costs for 
the base station antenna depend on several factors, of which the 
most important is the need to construct a transmission tower for 
the base station, at a cost estimated at around US$5,000. A 
possible alternative could be rental of space on an existing 
tower, such as a TV tower. 

Backhaul costs also merit some comments. If a fiber optic 
link is used for the backhaul, the cost will depend on the route 
taken, and is estimated at US$6,000 per km. If a point-to-point 
radio link is used, there will be equipment costs at both ends, 
estimated at a total of US$6,000 when WiFi (IEEE 802.11b/g) 
is used, where we have disregarded the costs of installing the 
antennas. 

When part of the wireless MAN bandwidth is used for 
backhaul, considerable economy is possible, as only one 
additional equipment is required, at an estimated cost of 
US$1,400. Table III summarizes the cost of wireless MAN 
deployment, where we have combined point-multipoint 
topology, with LOS transmission and use of some of the 

wireless MAN bandwidth for backhaul. Installation costs have 
also been incorporated. 

TABLE III.  ESTIMATED TOTAL DEPLOYMENT COSTS. 

Final Costs (estimated) Base Station 
(US$) 

CPE  
(US$) 

Backhaul 
(US$) 

Per HERI (with 4 campi) 2,000.00 6,000.00 350,00 
Totais 24K 45,000.00* 4,200.00 
Total per HERI US$ 8,850.00 
Total Cost US$ 73,200,00 

*  Not all HERI have 4 campi. 
 

That is to say, with the acquisition of the equipment and the 
backhaul link, each HERI would have a maximum cost of 
US$4,200, and this cost is likely to come down significantly as 
new IEEE 802.16 products reach the market. Another relevant 
factor is that the inclusion of further HERIs in the project, 
providing that we do not exceed the user limit for the base 
station, would reduce costs for existing HERIs, since the fixed 
costs of acquisition of the base station and connection of the 
backhaul to the PoP would be divided between more HERIs. 

V. COMPARATIVE ANALYSIS 
Mobility is one of the principal attractions of a wireless 

network. Systems connected to this kind of network can 
provide users with access to information in any part of their 
institution or elsewhere, wherever the network offers coverage. 
In addition, a wireless network can be installed quickly and 
simply, without the need for opening holes in walls for cables, 
or for installing cables on poles or in ducts. If the infrastructure 
has already been set up, the two kind of network (wireline and 
wireless) can coexist happily.  

Optical fiber, on the other hand, has many interesting 
properties from the point of view of a network project. First, it 
is a purely passive medium, that is, it will only stop working in 
the event of an external accident resulting in the rupture of a 
fiber. A link failure can also affect a wireless network, but a 
solution would be much less expensive using IEEE 802.16. 
This is because a an interruption in a service offered by 
wireline can only be avoided if there exists an alternative 
(redundant) physical path, whereas in a IEEE 802.16 wireless 
network redundancy can be guaranteed with the same radio 
equipment since pairs of stations within the area of coverage 
can communicate without any restriction (i.e. using a mesh 
topology), provided all stations use the same communications 
standards. 

Secondly, the transmission capacity of optical fiber is 
virtually infinite, although in practice it is limited by the 
electronic components used at the endpoints of the optical 
lightpath. The theoretical capacity of a single fiber is around 50 
Tbps [9], and nowadays relatively cheap Gigabit Ethernet 
technology permits transmission at 1 Gbps. A good example of 
the good cost/benefit relation provided by fiber optic solutions 
is the metropolitan network proposed for Belém-PA, where the 
costs presented in Table 1 for providing a 1 Gbps channel for 
each HERI. So far as the wireless metro network is concerned, 
apart from presenting lower costs, the offered bandwidth is 
much more modest, of the order of a few dozen Mbps. 



Thirdly, the useful lifetime of an optical fiber infrastructure 
should exceed 20 years. In the future, the transmission 
equipment can be replaced by new ones, of greater capacity, 
reusing the existing fiber. In this respect, investment in optical 
fiber infrastructure can be amortized over a much longer period 
than that possible with wireless infrastructure. On the other 
hand, backward compatibility with previous equipment of new 
wireless technologies, such as IEEE standards 802.11g and 
802.16a, permit the continued use of older equipment WiFi and 
WiMax. 

Lastly, fiber optic networks offer greater robustness, being 
practically immune to electromagnetic and climatic 
interference. Table IV summarizes the comparison between the 
the two solutions discussed in this paper. 

TABLE IV.  TABLE 4. COMPARISON OF WIRELESS AND OPTICAL MANS 

IEEE 802.16 wireless MAN Optical MAN 

Easy and rapid installation. Prolonged installation time due to the 
need to install fiber optic cables. 

Redundancy as a result of using a 
mesh topology. 

Redundancy depends on duplication 
of fiber routes. 

Aggregate transmission capacity of 75 
Mbps. 

Theoretical capacity of a single fiber 
is 50 Tbps. The practical capacity of 
the fiber depends on the terminal 
equipment used. 

Subject to interference and dependent 
on climatic conditions. 

Immune to interference and climatic 
conditions. 

Investment only required for user and 
base station radio equipment. 

Apart from the equipment, 
investment is also required for cable 
installation (per km). 

New versions of the standard maintain 
backward compatibility with older 
equipment. 

Equipment can be upgraded with 
reuse of the existing optical fiber 
infrastructure. 

 

VI. CONCLUSION 
The deployment of a research and education community 

MAN in Belém do Pará will make a significant change in the 
quality of networking service provided to the users at the local 
HERIs. Advanced networking services will make possible the 
use of such applications as remote videoconferencing and high-
performance distributed computing (grids), as well as speedier 
access to information resources both in Brazil and abroad. 

The upgrading of metropolitan communications brought 
about by such a project will increase the demand in Belém for 
long-distance Internet communication, and it should be simple 
to justify satisfying this demand given the important role in 
Brazil of scientific and technological development in 
Amazonia. 

The case of Belém is, in fact, just one more example which 
demonstrates the fundamental importance of community 
MANs within both national and global contexts,  as these 
networks are located at a strategic level in the networking 
hierarchy, interconnecting the institutions housing the end users 
to the long-distance backbone networks. Because of their 
importance, they merit special attention. 
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