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Abstract: The aim of this paper is to present through information collected via qualitative analysis in order to provide an alternative 
perspective to classify critical factors and their correlations in the processes of degradation of river basins in countries in 
development in an ordered way. This study was started with a bibliographical review for gathering relevant information about the 
main factors, which was submitted to specialists and related professionals via survey developed in a format of answers on Likert 
scale, with the analyses of data from the respondents as well as their contribution within sample assembly exploratory factorial 
analysis and the charge factor item from the questionnaire with usage of polychoric correlation matrix with which it is proposed to 
establish the ordering of the factors relevance as well as their correlations through parametric statistical analysis with the usage of a 
generalized model of partial credit which belongs to the family of the models for polyatomic gradual answers to the item response 
theory (IRT) and the applying of cluster analysis (ICLUST) with the usage of both alpha and omega coefficient for the estimation of 
the variables group, with the R tool. As a result, the present study aims to establish a comprehension of the main factors for the 
ordering of the actions and attention of public and private sectors towards the preservation of urban river basins. 
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1. Introduction  

The management of water resources based on the 
territorial clipping of water basins, especially the 
urban ones, became more evident in the beginning of 
the 1990’s when the principles of Dublin were 
accorded in a preparatory meeting for the Rio-92 
summit. The Principle establishes that the 
management of water, to be efficient, must be 
integrated and take into consideration all aspects: 
physical, social and economic ones.  

According to Porto, et al. [1] the main problem 
which must be controlled by management is the 
integration of various aspects which interfere in the 
use of water resources and its environmental 
protection. Water basins allow this integrated 
approach and, say Yassuda [2] “the basin is a unique 
phase of interaction of the water with the physical 
means, the biotic ones and the social, economic and 
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cultural environment”.  
The studies of water basins essentially urbanized 

has trigged more and more the interest of researchers, 
mainly towards environmental preservation and the 
maintenance of essential resources which may 
contribute for the social-economic sustainability of 
several populations that live alongside such locations, 
which due to its continuous occupation, establish 
pressures, be it on the social-economic area or in the 
environmental one, causing an impact in the quality of 
life of the human being and its environment [3]. 

The essentially urban water basins, especially those 
which go through great metropolis in countries in 
development, suffer the consequences of unplanned 
urbanization, the negligence of public authorities, and 
many times, lack of consciousness and environmental 
education of local populations. In order to better 
understand the Evolution of the environmental 
deterioration of a certain ecosystem it is necessary to 
know the main problems related to this environment, 
so that it is possible to feed with relevant information 
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the direction of preservation actions, and if necessary, 
mitigating ones.  

Deterioration factors raised from bibliographical 
reviews are used to feed the basis of knowledge, 
generating important information in order to define 
critical factors of environmental deterioration and so, 
understand the dynamics of the changes in such 
environment. The definition of these critical factors of 
environmental quality can be faced with data raised 
from field search and evaluate the quality of this 
information, since this primary data correspond to the 
reality of the studied environment [4].  

As main generating factors of deterioration of water 
basins, some of them are often linked to illegal sewage 
connections and the process of river siltation; besides 
the disposal of urban waste, sanitary and industrial 
effluents are considered as the most impacting ones, 
according to the results shown in Table 1. 

The present study proposes the application of 
methodologies capable of identifying basic sources of 
environmental deterioration of urbanized water basins, 
highlighting its main actors and verifying the level of 
criticality in the processes of deterioration and of the 
several considered factors. 

The main questions in the research were: “Doing a 
qualitative analysis to offer an alternative perspective 

to orderly classify critical factors in the processes of 
deterioration of urban water basins”, and establish a 
comprehension of the main factors for the ordering of 
actions and attention of public and private sectors 
towards the factors of preservation of urban river 
basins. In order to answer these questions, the 
approach involved three stages: bibliographical 
research, collection of opinions from specialists and 
data analysis. 

2. Material and Methods 

This research was based on the Imboaçu River 
Basin, fully inserted in the city of São Gonçalo, Rio 
de Janeiro, Brazil, with a drainage area of 14 km². The 
10 km river flows through the urban perimeter, 
densely populated with about one hundred thousand 
inhabitants and characterized by a serious urban 
disorganization. Anthropic actions are observed when 
the river crosses an area of gravel exploration, with its 
banks grounding and intense circulation of heavy 
vehicles. The deficiency of solid waste collection and 
the discharge of fresh sewage are easily observed on 
the river banks and gutters, contributing to its intense 
degradation. The river channeling processes and 
adaptations to the urban environment are presented in 
Figs. 1 and 2. 

 

 
Fig. 1  Location map of the Imboaçu River Basin and aspects of the mouth of the river that flows into Guanabara Bay (Rio 
de Janeiro, Brazil) and part of the channeled river that runs through the city of S. Gonçalo. 
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Fig. 2  Channeled section of Imboaçu River. 
 

The factors raised were submitted by a survey tool 
to approximately four hundred specialists and 
professionals, at which it was used the Likert scale in 
order to establish the relevances of the factors, 
according to the answers from the 282 respondents. 
The data obtained by the survey were treated and 
analyzed with the R tool and packages of statistical 
and parametric analysis in the intention of evaluating 
the reliability of the sample and the ordering of the 
factors and their correlations, with the objective of 
achieving a better comprehension about their 
relevancies and related interactions. 

2.1 Factors of Deterioration of Urban Water Basins 

The collection of data raised by bibliographical had 
the objective building the theoretical fundamentation 
indispensable for the discussion and analysis of the 
several processes and phenomena inherent to the 
object of study. In the analysis process of such data 
there were 22 critical factors for the deterioration of 
basins severely anthropized. Initially, starting from the 
common sense, it is considered that, almost exclusively, 
only sewage and thrash are the most essentially 
deteriorating factors. However, a more profound study 
points a series of factors that interact in an important 
way with the deterioration of urbanized water basins. 

All critical factors were conceptually treated, 
observing the terms, similar expressions and 
peculiarities from each of the authors that exposed 
them. Such procedure had the objective of avoiding 
that terms with differences only in the semantic field 
were considered distinct factors, as per described by 
Branco [4]. Being so, it was observed, judiciously, 

that each factor with the intention of avoiding 
repetitions, being therefore, reduced to 18 [4].  

Table 1 below presents the degradation factors 
based on the following references [5-19]. 

The measuring tool used on the survey was the 
Likert scale. The present paper used the 
five-point-classic-scale as per proved by Wakita, et al. 
[20] and inserted in a Likert scale as “Very Little 
Relevant”; “Little Relevant”; “Relevant”; “Very 
Relevant”; “Extremely Relevant”. 

The means used to do the survey was the utilization 
of an online form on Google Forms platform. The 
online form was chosen due to its readiness to send 
the survey to the e-mail boxes of possible respondents, 
and on academic networks and professionals 
interested on the topic.  
 

Table 1  Bibliographic review of degradation factors. 
Illegal sewage connection 
River siltation process 
Street washing 
Dumping of industrial effluents 
Agrotoxics sliding 
Waterproofing of soil and surfaces 
Dumping of urban sanitary effluents 
Solid material sliding 
Riverbed rectification 
Irregular dumping of urban waste 
Irregular occupation 
Global climate change 
Drainage of flooded areas 
Urban waste sliding 
Underground manure drainage 
Introduction of exotic species 
Riparian deforestation 
Rain sewage 
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total of 282 respondents, 74 of them had the factor of 
charge less than 0.3 and were excluded from the 
research, staying an even more significant amount of 
respondents, 208.  

Even with the exclusion of the 74 with charge 
inferior to 0.3, it still is kept a proportion of 11 
respondents by item (variable), which stays within a 
number between 10 and 15 participants by variable. 
Nunnally [22], recommends having ten times more 
participants than variables. Kass and Tinsley [23] 
recommend having between 5 and 10 participants per 
variable up to a total of 300. 

On the second phase of the data processing, there 
was developed the factorial analysis of the (variable) 
items Likert of the survey, on which it was used the 
technique of matrix algebra and the optimization to 
derive weights of regression for the charge of items 
about the latent factors, which generated a matrix of 
polychoric correlation of items and allowed evaluate 
the correlation of each item according to the answers 

of the 208 respondents. 
In this analysis, it was noticed that two of the 

eighteen items had a low correlation towards the other 
ones, as it will be demonstrated later on this paper. 
The noted items were “Introduction of exotic species” 
and “Street washing”. There were made simulations 
using Cronbach’s Alpha calculation without the 
mentioned items, but it was noticed that the result of 
reliability was kept unchanged. 

On a third phase, it was made the analysis of 
reliability of the research, through which a matrix of 
18 items of polychoric correlation was calculated and 
submitted to analysis, where the total of the 
Cronbach’s alpha was of 0.92, which shows a high 
level of reliability. The summary of the dispersion of 
the answers of each of the 208 respondents can be 
seen in the following Table 2. 

As a result of the research analysis, it was obtained 
a Table 3, as follows, on which the variables are put in 
descending order according to their respective loading 

 

Table 2  Dispersion of the answers for each variable. 

 



A New Approach to the Ordered Classification of Critical Factors in the  
Degradation Processes of River Basins 

 

263

Table 3  Variables and respective loading factors. 

Item Scale correlation Loading Factor Average Standard Deviation
Urban sanitary wastewater dumping (A) 0.71619 0.76326 4.31250 0.83025 
Irregular dumping of urban waste (B) 0.70255 0.76161 4.49038 0.68799 
Industrial effluent dumping (C) 0.69496 0.74477 4.49038 0,70875 
Illegal sewage connection (D) 0.70316 0.74166 4.22115 0.89504 
Riparian deforestation (E) 0.69911 0.72727 4.12500 0.87573 
Urban waste sliding (F) 0.65826 0.69993 4.12019 0.84555 
Agrotoxics sliding (G) 0.67246 0,69861 3,99038 1.03555 
River siltation process (H) 0.63852 0.66311 3.94231 0.88822 
Solid material sliding (I) 0.62456 0.64662 3.70673 0.92499 
Irregular occupation (J) 0.61248 0.64301 3.92788 0.90067 
Rain sewage (K) 0.58934 0.61670 4.01923 0.90068 
River bed rectification (L) 0.58603 0.60433 3.70673 0.90386 
Drainage of flooded areas (M) 0.57427 0.58773 3.57692 1.10940 
Underground manure drainage (N) 0.55326 0.57944 4.00481 0.93508 
Global climate changes (O) 0.52532 0.54359 3.59615 1.12520 
Waterproofing of soil and surfaces (P) 0.51933 0.53192 3.57212 1.03774 
Introduction of exotic species (Q) 0.43995 0.44956 2.97115 1.16683 
Street washing (R)  0.42204 0.42904 2.73077 1.09218 
 

factor. From the Evolution of the analysis is obtained 
the polychoric correlation matrix of the factors as 
shown in the following Table 4, which will be the 
main basis for the clusters’ analysis and the ordering 
of correlations between the factors.  

Table 4 shows the results of the intersection of two 
adjacent categories called GPCM (Generalized Partial 
Credit Model) [20, 24]. 

In order to achieve the objectives of this study there 
was used the cluster analysis (ICLUST) seeking the 
verification of possible variable gatherings. Cooksey 
and Soutar [25] explain that this analysis is an 
alternative to the factorial one for the gathering of 
items because it considers at the same time the alpha 
and beta coefficients. The alpha coefficient is the most 
widely used internal consistency measure. However, it 
must be taken into consideration that in its analysis, 
only one underlying factor is taken [26]. 

Besides, the alpha coefficient is defined by the 
averages of verified covariance, which may lead to 
acceptable values, even when they do not correspond 
to reality [27]. Revelle [27] proposes the use of the 
beta coefficient stressing that it is a more conservative 
estimation, using the inferior limit of variance, 

associating it to the general factor. Besides, the author 
stresses that this coefficient is more appropriate for 
analysis involving various components or factors 
linked to the mentioned general factor.  

Therefore, as Cooksey and Soutar [25] conclude, 
the ICLUST is a procedure which makes the 
gatherings using simultaneously the alpha and beta 
coefficients in the formation of clusters, being the best 
option for hierarchical gatherings with good 
psychometric criteria to evaluate the internal 
consistency and dimensionality. The result of the 
analysis can be seen on Fig. 5, as follows.  

In this Fig. 5, the variable that start with “V” are 
related to the factors analyzed, and there it is possible 
to observe the formation of 17 clusters, many of them 
formed by sub-clusters. The first one to be observed 
with the highest correlation is the C1, which indicates 
the gathering of the variables V15 (“Irregular 
dumping of urban waste”) and V2 (“Dumping of 
Industrial effluents”), which are respectively the 
second and third factors of higher charge.  

In the sequence, the C4 which indicates the 
gathering of C1 and V1 (“Dumping of urban sanitary 
effluents”), being this the fourth factor of highest  
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Table 4  Psychological Distance of the Factors by the GPCM (Generalized Partial Credit Model). 

 
 

charge. The following is C8 that englobes C7 and V4 
(“Urban waste sliding”) which represents the sixth 
factor of highest charge.  

The cluster C2 that englobes the variables V13 
(“Riparian Deforestation”) and V5 (“Agrotoxics 
sliding”) is the second in correlation between the two 
variables, which are respectively the sixth and eight 
factors of highest charge, being C2 and C8 the 
sub-clusters that form the cluster C9. 

The cluster C5 that englobes the variables V11 
(“River Siltation process”) and V8 (“Solid material 
sliding”) has an expressive correlation between its 
variables, which are the ninth and tenth factors of 
highest charge, being C5 and C9 the sub-clusters that 
form cluster C10. These clusters stand out from the 

others for having in their components the variables of 
factors of the highest charge in the analysis done in 
the research, and their correlations, as previously 
detached. In general, the cluster analysis pointed out 
some important gatherings, including evidences of 
convergent validity of several factors.  

These gatherings, as previously described, show 
that the variables of the tools measure similar e 
gathering, in order to make inferences that support 
that taking of decisions [28]. 

Thus, as previously described, there were 
highlighted nine of the main items respectively to 
their factor of charge, as well as their interrelations, on 
which we can stress the irregular dumping and the 
sliding processes. 
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Fig. 5  Hierarchical cluster analysis. 
 

The analysis of these gatherings points out the nine 
main factors and their correlations which form the 
most relevant ones, whose mitigation interventions on 
the impacts over river basins with these characteristics 
are indispensable. 

Invariably, the analysis of the clusters that stand out, 
always points to irregular dumping, the role of the 
local communities and of the public powers towards 
the dealing with water resources, especially in urban 
environments.  

The analysis shows the impacts caused by irregular 
dumping as well as illegal sewage connections. On a 
second perspective, we can observe the sliding 
processes resultant from rains that provoke superficial 
and water table runoffs, causing the arrival of waste to 
the water courses, bringing also the contamination and 
the siltation of riverbeds, which is all increased by 
riparian deforestation, typical of urban environments. 
The problem of irregular dumping and sliding of 
many different types have always been present in 
studies about water basins which have gone through 
important processes of urbanization, especially in 

developing countries, also called semiperipheral, as 
well as in the peripheral ones.  

The irregular dumping of waste is shown in 
different ways: beyond surface runoff, it infiltrates the 
soil and percolates towards inferior layers, 
contaminating them and achieving water tables and 
watercourses. The analysis of the presented clusters 
shows the main factors of degradation of urban basins 
in developing countries, that is, it is an analysis of 
such factors which represent a higher relevance and 
correlation that would be perfect objects of 
intervention of the public powers or private initiative 
in order to mitigate problems, promoting 
environmental recovering and improving the quality 
of life of the present local populations 

5. Conclusions 

The results obtained in this survey based on the 
Imboaçu river basin show that the critical factors 
evidenced from the respondents' perspective are 
present in river basin with different degrees of 
intensity.  
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Based on the respondents’ perspectives, it is 
important to highlight the following critical factors 
that should be taken into account when assessing a 
watershed associated with socioeconomic aspects, 
such as: irregular dumping of urban waste, industrial 
effluent dumping, urban waste sliding, illegal sewage 
connection, underground manure drainage and 
riparian deforestation. 
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