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Abstract 
The main aim of this study was to determine a statistical model capable of projecting a per capita water 
quota for the city of Cuiabá, Mato Grosso State, Brazil. The sample was composed of the 115 recognized 
neighborhoods of Cuiabá, separated by month and referring to the period between 2003 and 2006. The 
methodology used was based on the statistical model (analysis of regression and verification of the models). 
As a result we obtained a model stratified based on socioeconomic status with reasonable projection 
capability of per capita share to the Cuiabá city. A combination of grouping techniques using the models of 
Burtless and Hausman (1978) or artificial intelligence techniques could be an alternative for obtaining better 
models.  
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Introduction  
The urban sprawl is presented as an intrinsic process of urban development in Brazil. As a consequence 
there are impacts on the stability of the environment, producing unskilled and unhealthy places, providing 
exclusion, marginalization and imposing a rhythm of life incompatible with the established concepts such as 
quality of life (Rossetto et al., 2004). Regarding the impact on water resources, often there is no 
compromising between quality and quantity due to the discharge of sewage and high levels of losses in the 
water supply system, respectively. Such impacts project several scenarios in cities, among them, the poor 
sanitation conditions, the high cost of treating water, the water scarcity and the search for alternative sources 
of supply. Not far from these is the city of Cuiabá, that due to rapid urbanization and economic growth came 
from the 70's, it came to reach and directly affect the Cuiabá River.  According to the municipal government 
of this city (Cuiabá, 2006), sanitation has not kept pace of city growth, which affects water quality, bank 
ciliary vegetation and integrity of the river bed. Still is observed that there is water loss rate of around 65% 
(ISA 2004) and the existence of an intermittent water supply. The Master Plan and Management System for 
Water Resources come as an alternative to promote the orderly growth of cities and minimize environmental 
impacts.   
 
According to Silva and Porto (2003), a broader view is a vital element of the concept of integrated urban 
planning programs and actions for the conservation and rational use of water. Still, according the same 
author, this integrated approach is grounded in actions by the demand of water. In agreement, Silva and 
Rocha (1999) report that the forecast demand for water is a basic tool for planning, necessary for the correct 
sizing of  supply and to direct measures of water management. Also, the Mato Grosso State Environmental 
Agency (SEMA) reported that the development of specific research on demands for water is an essential 
action to the management of groundwater and surface water in urban area of Cuiabá (MT-FEMA, 2004). 
 
The need for actions to demand management of water, presented for the case of Cuiabá, suggests the 
development of instruments aimed to forecast the demand for water. Thus, this paper aims to propose a 
statistical model able to project the per capita share of water contributing to: (i) formulation of management 
tools for water resources, (ii) preparation of master plans, (iii) investment forecast in sanitation, and (iv) 
actions for the conservation and rational use of water. 
 
 
Review of related research 
As the state of the art of forecasting studies of water consumption can cite some previous studies. These 
studies include various forecasting methods including: multiple regression, time series analysis, artificial 
neural networks (ANN) and fuzzy logic (FL).  
 



In the case of the linear regression method one can mention some works, among them: Martinez-Espiñeira 
(2002) who used a monthly database of northeastern Spain to estimate the demand function of domestic 
water tariff from linear and nonlinear. Tariff, bill, climate and the socio-demographic variables were used as 
explanatory variables. The results indicated total marginal price elasticity of between -0.12 and -0.17, and 
climatic variables significantly affect the monthly data. In parallel, a study entitled "Estimating urban 
residential water demand in the State of Ceará”, directed by IPECE (2003) presented as explanatory 
variables: income, price, number of rooms and the number of residents per household. It was also noted that 
there are differences of demand between: households connected to the mains sewerage and water 
connected only. The study presented as steps of the methodology to define the sample size, the 
regionalization of the State of Ceará, the selection of observational units, in addition to questionnaires. 
Fernandes-Neto et al. (2004) studied several variables involved in water per capita for a sample universe 
consisting of 96 municipalities in Minas Gerais State. As steps towards achieving the study note: (1) the 
sample universe definition, (2) definition of variables of interest and (3) statistical analysis. The study 
enabled observations infer about the influence of factors considered, according to each age population 
assessed and outline a mathematical model for municipalities with a population of 50 to 100 thousand 
inhabitants. Karlis et al. (2007) inserted the heteroscedastic and multiplicity to statistical models for effecting 
adjustment to the data set of water consumption in the city of Athens. The results indicated that the profile of 
lower consumption refers to single residents (male or female), also noted problems with the residual analysis 
of the model developed. As to the technique of time series it highlights some studies, among them, Zhou et 
al. (2000) who conducted research to forecast the daily water consumption for the city of Melbourne with 
methods using time series models with different equations representing four influential factors, including the 
trend, seasonality, climatic correlation and autocorrelation. The model was tested using the Cross-Validation 
procedures and independence of the data collected between December 1, 1996 to January 31, 1997. Also 
along these lines, Zhou et al. (2002) proposed a time series model to predict the hourly consumption of 
water for 24 hours in advance a system of water supply in urban area of Melbourne, Australia. The model 
was composed of two modules: the daily and hourly. As result, it was obtained a model with 66% of variance 
and a standard deviation of 162L.(inhab.day)

-1
.  

 
Finally, one can cite the methods of RNA and LF work of Oshima and Kosuda (1998), who developed a 
prediction model for water demand time from the Chaos Theory, rebuilt by Local Fuzzy Method. Results 
were correlated to the measured data and came to an R

2
 = 0.985. Mukhopadhyay et al. (2001) used data 

from the weekly consumption of 48 households in Kuwait, collected over a period of one year. Based on 
these data the per capita residential water was estimated in the range of 182-2018L.(inhab.day)

-1
, with an 

average of 814L.(inhab.day)
-1

. The linear regression methods and RNA were used in the study in order to fit 
the observed values. The results suggested a dependence of water per capita consumption, bathroom and 
room number in the residence, garden size, income level of the residence, atmospheric temperature, relative 
humidity and number of people in the residence. Results were satisfactory for the proposed objectives. 
Falkenberg (2005) held "Forecasting urban water consumption in the short term," which aimed to present 
different models for forecasting consumption in the short term by using techniques such as RNA, multiple 
linear regression, and Box-type models and Jenkins. The results were satisfactory. 
 
 
Material and methods 
For this study was considered as population (universe) the city of Cuiabá and all districts recognized by the 
Institute of Research and Urban Development of Cuiabá (IPDU) in 2006, stratified by month and year for the 
period 2003 to 2006. Therefore, 115 neighborhoods were then investigated in the city for a period of 48 
months. The selection of variables to the model development was based on the suggested by Fernandes-
Neto et al. (2004) and insertion of non-conventional economic indicators for the prediction of water 
consumption (per capita quota of energy, energy tariff, social energy tariff, minimum wage, inflation, dollar 
exchange rate and interest rate). This insertion was motivated by the recommendation of Silva et al. (2008), 
when conducting studies of the per capita share of water.  
 
The selected variables, coding, unit of measure and data source are presented in Table 1. Regarding socio-
economic class, they were subdivided into five categories: low, medium low, medium, medium high and high 
(Cuiabá, 2006), and because it is a qualitative variable can only be inserted under the modeling the form of 
Dummy Variables. In this case the socio-economic class was entered as four Dummy Variables (D2, D3, D4 
and D5) binary (0 or 1). Table 2 presents socio-economic classes, households income and their Dummy 
variables.  
 
As for seasonality, we observed two well-defined climatic moments, the rainy season and dry season also 
included qualitative variables as Dummy (D6), and the value for a rainy period and the value to 0 otherwise. 
TA practiced is defined in terms of consumption of home range, these being: (i) range 1: 0-30m

3
.month

-1
 | 

rate: 1.12R$.m
-3

, (ii) range 2: 11 - 20m
3
.month

-1
 | rate: 1.68R$.m

-3
, (iii) range 3: 21-30m

3
.month

-1
 | rate: 



2.80R$.m
-3

, (iv) range 4: 31 - 40 m
3
.month

-1
 | rate: 3.70R$.m

-3
, (v) track 5: above 40 m

3
.month

-1
 | rate: 5.56 

R$.m
-3

 (Sanecap, 2007).  
 
Regarding TS, this is a benefit granted to low-income population, as ANEEL (2002), and therefore inserted 
into the job as an instrument of socio-economic status. The range of TS, that were inserted in the form of 
Dummy Variables. Data concerning the tracks were obtained from the local power utility, the Rede-Cemat. In 
Table 3 are found information relating to tariff and its transformation to Dummy variables. 
 
Table 1 - Selected variables for modeling 

Variable Coding   Unit Data Source 

Water consumption per neighborhoods CB m
3
.( neighborhood.month)

-1 
Sanecap 

Population by district HB inhabitant IPDU 

Per capita share of water PA L.(inhab.day) 
-1

 * 

Average monthly temperature of air TP ºC INMET 

Monthly average humidity of the air UR % INMET 

Monthly rainfall IP mm.month
-1 

INMET 

Neighborhood socioeconomic class CS 
a 

IPDU 

Month in study ME 
a b 

Seasonality SZ 
a 

IPDU 

Energy consumption per quarter CE kWh.month
-1 

Rede-Cemat 

Per capita quota of energy PE kWh.(inhab.day)
-1

 ** 

Water tariff TA R$.m
-3 

Sanecap 

Social energy tariff TS 
a
 Rede-Cemat 

Real minimum wage SR R$ IPEA 

Index of market prices (IGP-M) IF % FGV 

Dollar exchange rate DO R$ BCB 

Interest rate TJ % BCB 
a
: dimensionless 

b
: Time series; * PA = (CB. (HB.DM) -1) .1000, ** PE = (CE. (HB.DM) 

-1
); DM: number of 

days in month (DM; Sanitation of Capital Agency (SANECAP); Institute for Research and Urban 
Development of Cuiabá (IPDU); National Institute of Meteorology (INMET); Central Electricity Company of 
Mato Grosso (REDE-CEMAT), IPEA: Institute of Applied Economic Research (IPEA), Getúlio Vargas 
Fundation (FGV); Central Bank of Brazil (BCB). 
 
Table 2 - Socio-economic classes, income and Dummy variables. 

Socio-economic classes Nominal average monthly charge 
per household 

Dummy variable for CS 

D2 D3 D4 D5 

Low Income under of 2,91 SM 0 0 0 0 

Lower Middle Income of 2,91 S.M. to 5,65 SM 1 0 0 0 

Average Income of 5,66 S.M. to 11,65 SM 0 1 0 0 

Middle-High Income of 11,66 S.M. to 21,94 SM 0 0 1 0 

High Income above to 21,94 SM 0 0 0 1 

Source: Cuiabá (2006); Minimum Wage (SM). 
 

Table 3 - Social tariff in the form Dummy variable. 

Range of intake (kWh.month
-1

) Rate power supply (R$.(MWh)
-1

 Dummy variables for TS 

D7 D8 D9 D10 

0 – 30 107,54 0 0 0 0 

30 – 80 185,09 1 0 0 0 

80–100 186,25 0 1 0 0 

100 – 140 279,32 0 0 1 0 

140 to Up  210,39 0 0 0 1 

Source: Rede-Cemat (2007) 
 
The tools used for the development of the models were: Microsoft Excel, and SPSS software TableCurve. 
The development of the statistical model to predict the per capita water was structured in stages, as shown 
in Figure 1.  
 
In step I all the data were divided into two sets, those for modeling (75%) and data for verification (25%), the 
first set covering years 2003 to 2005 and the second set year 2006. Step II refers to the descriptive statistical 
analysis and selection of influential variables performed using correlation analysis and preparation of scatter 
diagrams (PA versus explanatory variables possibly).  



 
Figure 1 - Sequence of steps toward statistical modeling 

 
From the selection of influential variables and scatter plots was held to propose a theoretical model to predict 
and search for non-linear models and polynomial that fit the data well (step III). An example of a linear 
additive model considering all the variables selected for modeling is shown in Equation 1. 
 

PA = 0 + 1.TP + 2.UR + 3.IP + 4.D2 + 5.D3 + 6.D4 + 7.D5 + 8.D6 + 9.D7 + 10.D8 + 11.D9 

+ 12.D10 + 13.ME + 14.PE + 15.TA + 16.SR + 17.IF + 18.DO + 19.TJ +    
(1) 

 

Where: 0, …, 19 = coefficients; AP = per capita share of water (L.(inhab.day)
-1

); TP = temperature (°C); UR 
= relative humidity (%); IP = rainfall (mm.h

-1
); D2 = Dummy medium-low class; D3 = Dummy middle class; 

D4 = Dummy class medium-high; Dummy D5 = upper class; D6 = Dummy seasonality; D7 = Dummy 
consumption range 30-80; D8 = Dummy consumption range 80-100; D9 = Dummy consumption range 100-
140; D10 = Dummy range of 140-higher than consumption; ME = month; PE = energy consumption per 
capita (kWh.(inhab.day ) 

-1
); TA = water tariff (R$.m

-3
), SR = minimum wage (R$) IF = inflation (%); DO = the 

dollar exchange rate (R$) TJ = rate interest (%);  = error.  
 

In step IV was held: agreement of the model by multiple regression analysis, considering significant p0.05 
for the remaining variable in the model and theoretical model of diagnosis through the determination 
coefficient (R

2
), statistical F tests of homogeneity of variance (standardized residuals versus estimated PA), 

a test of normal distribution (Q-Q plots) and percentage of error (in percentage residue versus estimated 
PA). The diagnosis of non-suitability of the theoretical model (lower value of R

2
, the presence of 

heteroscedasticity, a high percentage of waste) report the need to adapt/modify the theoretical model, for 
otherwise the model was said appropriate. In step V was held and the consistency test using aggregate data 
for verification. To this end, we are: chart observed versus estimated value; heteroscedastic T-test (paired 

samples with unequal variances), the level of significance p  0.05, and correlation analysis between 
observed and predicted values. Adopted as a satisfactory observation of linearity between the observed and 

estimated significance level for the t-test greater than 0.05 (p  0.05) and correlation coefficients exceeding 
0.70. The procedures followed those recommended Aguirre (2007), Gujarat (2006), Souza (1998), Sokal and 
Rohlf (1995), Draper and Smith (1980), Neter and Wasserman (1974).  
 
 
Results and discussion  
Results of step II, conducted with the purpose of viewing the format and behavior of the variables are 
presented in Tables 4 and 5, Figures 2a, 2b and 2c, regarding statistical analysis, correlation and scatter 
diagram, respectively.  
 
The descriptive statistics, Table 4, showed a mean value of PA 140L.(inhab.day)

-1
, a value close to that 

presented by the NHIS (2004) and ISA (2007) for the region. Table 5 shows the correlation coefficients for all 
variables studied. We observed statistically significant associations (p < 0.01) between BP and socio-
economic class (D2, D3, D4 and D5), social energy tariff (D7, D8, D9 D10), per capita energy use (PE ) and 
water tariff (TA), which are the possible influential factors selected. Associations between climatic variables 
can be assigned to local seasonal, with two climactic moments (the rainy season and dry season) are well 
defined in region (Piaia, 1997). Another point refers to the associations found between climatic variables (TP, 
RH, and IP) and economic indicators (SR, OF, IF and TJ), which may refer to the spurious correlations, since 



both variables are influenced in time. The significant correlations between these variables and month (ME), 
seasonality (D6) and behavior of these variables over time (time series) are signs the acceptance of spurious 
correlation. While it has developed scatter plots for all variables possibly influential in BP, are presented only 
to the three variables with higher correlation coefficients. 
 
Table 4 - Descriptive statistics of quantitative variables 

Studied variable Minimum Maximum Mean Standard Deviation Variance 

TP 18,1 28,3 25,8 2,1 4,5 

UR 53,0 96,0 73,1 9,5 90,1 

IP 0 296,5 96,5 80,4 6470,7 

PA 53 397 140 56,2 3156,4 

PE 0,006 34,524 3,946 4,667 21,780 

TA 1,12 3,70 1,73 0,38 0,14 

TE 146,410 237,100 157,721 24,201 585,697 

SR 244,00 318,79 288,51 18,97 359,74 

IF -0,11 2,47 0,58 0,50 0,25 

DO 2,21 3,59 2,81 0,33 0,11 

TJ 15,79 26,32 19,45 3,48 12,09 

N=3456  
 
Figure 2 shows scatter diagrams: (a) P versus PE, (b) P versus TA and (c) PA versus D5. In Figure 2a there 
was a correlation imperfect, positively and with increased variability of PA as there is an increase of PE. 
Figures 2b and 2c, it was noted imperfect correlations, positive and with different PA profiles for each value 
of TA charged and socioeconomic class.  
 

(a) (b) (c) 
Figure 2 - Scatter diagrams 

 
From: (i) correlation analysis, (ii) analysis of scatter diagrams, and (iii) the acceptance of the hypothesis that 
the residual analysis of a theoretical model any (mtQ) allows to obtain an appropriate model (mtA), as the 

result of (mtQ) added to his error () is equal to the result of the (mtA), according to Equation 2, one can 
visualize a theoretical model any linear and additive, according to Equation 3. 
 

mtQ +  = mtA (2) 

mtQ = 0+1.D2+2.D3+3.D4+4.D5+5.D7+6.D8+7.D9+8.D10+9.PE+10.TA (3) 

 
To adjust the model was necessary to remove the variable D9 (p> 0.05). In the evaluation and diagnosis 

met: R
2
 = 0.581, F statistic (p  0.001), presence of heteroscedasticity, non-normal distribution of residues 

and percentage error ranging from -120 to 60%, suggesting the need to adapt/change as expected. As a 
residual analysis was elaborated scatterplots of residuals versus explanatory variables (Figure 3) and 
hierarchical cluster analysis cluster (Figure 4).  
 
The scatter plots revealed the existence of heteroscedasticity and residual profiles against different variables 
D5, D7 and D10. The hierarchical grouping cluster acknowledged the existence of two clusters, with the 
variables PE, D5, TA, D4 and D10 grouped the PA (Figure 4), reporting to homogeneity and association 
between these variables. These results led the proposition mtA divided by socio-economic strata, according 
to Equation 4.  
 



 



 
 

(a) (b) (c) 
Figure 3 - Waste versus D5 (a) Residue versus D7 (b) versus residue and D10 (c) 

 

 
Figure 4 - Dendogram: Cluster Analysis 
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Where: mtE1 theoretical model stratum = 1; mtE2 theoretical model stratum = 2; mtE3 theoretical model 
stratum = 3; ..., mtE6 = theoretical model stratum 6. What is proposed in this model is the consumption of 
water extracts from socio-economic, agreeing with the work of Katz-Gerro (2002) and Silva (2008), the 
results are given by Equations 5, 6, 7, 8 and 9, Tables 6 and Figure 4.  
 
Table 6 - Theoretical model, assessment and diagnosis for the strata of consumption 

Stratum 1: mtE1 = 0+1.TA+2.PE+3.PE
2
+4.PE

3
                                                                                          (5) 

R
2
 

R
2
 

adjusted 

Analysis of coefficients ANOVA 

Coef Valor t sig FV
 

SQ
 

gl
 

QM
 

F
 

p
 

0,856 0,851 

0 195,331 14,734 0,000 Reg 335659,96 4 83914,99 205,82 0,000 

1 37,203 -5,288 0,000 Res 56670,01 139 407,69   

2 -14,669 12,443 0,000 Tot 392329,97 143    

3 1,004 5,892 0,000 
      

4 -0,016 -5,330 0,000 

 
The models mtE1, mtE2, mtE3, and mtE4 mtE5 showed significant coefficients for the t test, highly significant F 

statistic, R
2
 satisfactory (0.617  R

2
  0.894), residual fairly normal distribution (Figures 4a, 4d, 4g, 4j, 4n) 

reasonable homoscedasticity (Figures 4b, 4e, 4h, 4l, 4o) and residual mean percentage of 30% (Figures 4c, 
4f, 4i, 4m, 4p), which allowed the conclusion, with 1% risk, there regression between the PA and its 
explanatory variables. The values of R

2
 can be compared to other studies of water consumption in cities, 



among them: Fields and Sperling (1996) – R
2
 = 0.942, Oshima and Kosuda (1998) – R

2
 = 0.985, Fernandes-

Neto et al. (2004) – R
2
 = 0.369; and Silva et al. (2008) – R

2
 = 0.795.  

 
Table 6 - Theoretical model, assessment and diagnosis for the strata of consumption (continued)  

Stratum 2: mtE2 = 0+1.Ln(PE)+2.(Ln(PE))2+3.(Ln(PE))3+4.(ln(PE))4+5.TA-1                             (6) 

R
2
 

R
2
 

adjusted 

Analysis of coefficients ANOVA 

Coef Valor t sig FV
 

SQ
 

gl
 

QM
 

F
 

p
 

0,899 0,894 

0 565,479 10,985 0,000 Reg 71176,81 5 14235,36 166,63 0,000 

1 415,891 4,841 0,000 Res 8884,81 104 85,43   

2 206,855 4,143 0,000 Tot 80061,62 109    

3 44,597 3,826 0,000 

      4 3,454 3,659 0,000 

5 -211,22 -27,627 0,000 

Stratum 3: mtE3 = 0+1.D2+2.TA+3.PE+4.Ln(TA).PE
-1

+5.Ln(TA).PE
-2

+6.TA.PE
-1

                                 (7) 

R
2
 

R
2
 

adjusted 

Analysis of coefficients ANOVA 

Coef Valor t sig FV
 

SQ
 

gl
 

QM
 

F
 

p
 

0,634 0,617 

0 241,081 6,091 0,000 Reg 58788,00 6 9798,01 37,85 0,000 

1 20,778 4,449 0,000 Res 33910,40 131 258,86   

2 232,599 4,982 0,000 Tot 92698,41 137    

3 -297,556 -6,161 0,000 

      
4 -195,642 -3,705 0,000 

5 84,823 5,894 0,000 

6 -101,660 -7,676 0,000 

Stratum 4: mtE4 = 0+1.D3+2.PE+3.PE
2
+4.PE

3
+5.TA.PE                                                                         (8) 

R
2
 

R
2
 

adjusted 

Analysis of coefficients ANOVA 

Coef Valor t sig FV
 

SQ
 

gl
 

QM
 

F
 

p
 

0,848 0,846 

0 143,739 6,301 0,000 Reg 532286,92 5 106457,38 448,55 0,000 

1 9,349 3,722 0,000 Res 95646,08 403 237,33   

2 -322,885 -5,558 0,000 Tot 627932,99 408    

3 273,069 5,983 0,000 

      4 -67,612 -6,109 0,000 

5 52,419 14,198 0,000 

Stratum 5: mtE5 = 0+1.PE.Ln(PE)+2.PE
2
+3.TA

-1,5
                                                                                      (9) 

R
2
 

R
2
 

adjusted 

Analysis of coefficients ANOVA 

Coef Value t sig FV
 

SQ
 

gl
 

QM
 

F
 

p
 

0,832 0,831 

0 400,838 15,719 0,000 Reg 522240,91 3 174080,30 668,71 0,000 

1 616,921 11,321 0,000 Res 105430,19 405 260,32   

2 -250,044 -9,927 0,000 Tot 627671,10 408    

3 -73,516 -13,774 0,000       

 

(a) (b) (c) 

Figure 4 - Residual Analysis: mtE1 (a, b, c); mtE2 (d, e, f); mtE3 (g, h, i); mtE4 (j, l, m); mtE5 (n, o, p) 

 



(d) (e) (f) 

(g) 
(h) (i) 

(j) (l) (m) 

(n) (o) (p) 

Figure 4 - Residual Analysis: mtE1 (a, b, c); mtE2 (d, e, f); mtE3 (g, h, i); mtE4 (j, l, m); mtE5 (n, o, p) (continued)   
 
The search for mtE6 returned result present in the Equation 10, the data presented in Table 7 and Figure 5. 
The results showed significant coefficients for the t test, statistically highly significant F, R

2
=0.585, problems 

in the test of normal distribution (Figure 5a), the presence of heteroskedasticity (Figure 5b) and percentage 
residue above 100% (Figure 5c). These observations make it very weak that any inferences regarding the 
consumption profile, just concluding that these variables are involved in the PA.  
 

mtE6 = 0+1.TA.PE +2.(TA.PE)
0,5

.ln(TA.PE)+3.(ln(TA.PE))
2
+4.(TA.PE )

0,5
+5.ln(TA.PE)+ 

6.(D2.TA)
1,5

+7.(D2.TA)
2
 

(10) 

 
The test of consistency and aggregation, performed via graphical analysis of observed versus estimated 
values and heteroscedastic t-test are shown in Figure 6 and Table 7 respectively. 



(a) (b) (c) 

Figure 5 - Residual Analysis: mtE6 
 
In Figure 6, F1 represents the function of the ideal 1:1 line (observed values: the estimated values), allowing 
the conclusion that the models mtE1, mtE2 mtE5 indicated reasonable care and the ideal function. For models 
mtE3, mtE4 mtE6 and a trend towards non-compliance and linearity between the observed and predicted 
values, thus not reporting consistency and aggregation models. For mtE6 the result was expected since such 
issues had already submitted at the time of evaluation tests and diagnosis. 
 
Table 7 - Stratum 6: mtE6 (Equation 10) 

R
2
 R

2
 aj Analysis of coefficients ANOVA 

0,586 0,585 Coef Value t sig FV
 

SQ
 

gl
 

QM
 

F
 

p
 

0 -13203,42 -2,989 0,002 Reg 4189710,60 7 598530,09 516,72 0,000 

1 134,660 2,338 0,019 Res 2956057,65 2552 1158,33   

2 -2022,930 -2,867 0,004 Tot 7145768,25 2559    

3 -806,644 -3,217 0,001       

4 13112,450 3,013 0,002 

5 -4531,638 -3,021 0,002 

6 -57,095 -11,225 0,000 

7 45,304 12,595 0,000 

 
Similar results were obtained by Karlis et al. (2007), when they studied the inclusion of the multiplicity and 
heterogeneity models to forecast the consumption of water in the city of Athens. 
 
 

(a) (b) (c) 

(d) (e) (f) 

Figure 6 - Consistency and aggregation: (a) mtE1, (b) mtE2, (c) mtE3, (d) mtE4, (e) mtP5, (f) mtE6 



The heteroscedastic T-test, applied in order to test whether the mean observed and predicted values are 
significantly different or not, assuming they come from distributions with different variances (i.e., different 
samples from the same population have their results reported in Table 8).  
 
Table 8 - Heteroscedastic Paired t-Test 

Pair studied 
Heteroscedastic paired T-test 

VOP VmtP t gl sig 

PAOP1 – mtE1 3641,563 2976,285 0,634 93 0,528 

PAOP2 – mtE2 1033,640 915,769 -0,309 52 0,758 

PAOP3 – mtE3 910,251 583,148 -0,887 82 0,378 

PAOP4 – mtE4 2575,730 1205,460 2,469 65 0,016 

PAOP5 – mtE5 1598,967 1170,093 1,447 229 0,149 

PAOP6 – mtE6 3485,270 1774,644 2,984 1584 0,003 

PAOP1, ..., = PA PAOP6 observed for the profile 1, ..., the profile observed for PA 6, VOP = variance 
observed for the profile; VMTP = estimated variance for the profile 
 
The result of the paired t-test did not demonstrate any significant difference between the observed and 

estimated values for the models mtE1, mtE2, and mtE3 mtE5 (p  0.05) and significant differences mtE4 and 

mtE6 (p  0.05). Thus, the mtE1, mtE2, mtE3 mtE5 and can estimate the PA results significantly as close to real 
and otherwise have been the mtE4 and mtE6. As a possible explanation for the inadequacy of mtE4 there is 
the tendency to under-estimation of this model (Figure 6d), the inadequacy of mtE6 was expected due to 
problems stated above.  
 
The correlation analysis, with the result shown in Table 9, showed strong associations (correlation 

coefficients  0.70) between the values observed for the stratum (PAOE) and the estimated values for the 
stratum (PAEE) for the models mtE1, mtE2, mtE4, and mtE5 mtE6. Since this criterion models can be 
considered as adequate. 
 
Table 9 - Correlation coefficients for observed and estimated values 

Studied pair Correlation Coefficient 

PAOP1 – mtE1 0,913** 

PAOP2 – mtE2 0,988** 

PAOP3 – mtE3 0,625** 

PAOP4 – mtE4 0,973** 

PAOP5 – mtE5 0,951** 

PAOP6 – mtE6 0,749** 

** Significant (p < 0.01) 
PAOP1, …, PAOP6 = PA observed for the profile 1, ..., PA observed for profile 6 
 
Overall, there was acceptance of the hypothesis modeling of water consumption by extracts of socio-
economic consumers. mtA presented component polynomial, exponential, inverse and interactions between 
variables, which exposes non-linearity and complexity in the phenomenon PA. The main variables affecting 
regional economic factors show how the key explanation of the PA, not being, in the case, significant climatic 
factor (TP, UR, IP) and macroeconomic factors (SR, IR, TJ, DO). We also emphasize the positive and 
imperfect relationship between TA and PA, ie the increase in the value of TA involving the BP increase.  
 
One possible explanation is the price elasticity in the case of water demand inelastic (i.e., consumers are 
less sensitive to variations in price since there is a well that replace, according to Sullivan and Sheffrin, 
2000). Also, the inappropriateness of estimating regression (ordinary least squares, OLS) in the context of 
prices would block another justification, according to Melo and Jorge-Neto (2007).These authors report that: 
(i) OLS ignores the possibility of grouping the observed data around the points of discontinuities, (ii) the 
progressive increase in the range of consumption makes the TA-dependent variable consumption (implying 
the violation of the independence hypothesis assumed by OLS), making the variable price of water an 
exogenous variable to the model, and (iii) an appropriate solution would be to use the model developed by 
Burtless and Hausman, who becomes non-linear budget constraints in the problem of utility maximization. 
Thus, reasonable fitness found by the mtPA can be attributed to modeling by clusters of variables (strata 
with different profiles of consumers) and the fact that the TA does not effectively represent the price of water, 
but the interaction between water tariff and the tracks consumption, which could explain the imperfect 
relationship between positive and TA and PA. 
 



Conclusions 
It was proposed a statistical model to predict the PA to the city of Cuiabá. The methodological procedures 
identified six socio-economic strata, three were adequate (mtE1, and mtE2 mtE5). The variables TS and D5 
allowed the identification of consumer profiles (strata). The TA had a positive influence on BP, as a 
justification may be mentioned are the inelasticity of water, as Sullivan and Sheffrin (2000) and the 
interaction between the range of consumption and TA, as Melo and Jorge-Neto (2007).  
 
Regarding the usefulness of the developed models one can mention the aid in water resources planning and 
orderly urban growth, since it allows to obtained estimates of future water demands, based on the typology 
of neighborhoods, and the estimated benefits from of possible measures for the conservation and rational 
use of water. It is suggested further studies: (i) alternatives such as cluster analysis combined with the model 
proposed by Burtless and Hausman (1978) or use of artificial intelligence techniques, which have shown 
good results in non-linear problems, (ii) check the influence of the precariousness of supply systems in water 
per capita consumption.  
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