
1 
 



Contents- Advances A, 2013 

Vol. 50, nº1 

- A compound poisson dam with release rule proportional to its content and wiener process content.  

Zainal,M.; Al-Eideh, B.M.; Marafie, A.(Kuwait)…………………………………………………… 1 

- Computing the special determinants. 

Liang, J. (P.R. China)………………………………………………………………….….... ……….11 

- Some new measures of directed divergence and generalized directed divergence. 

Ray, A.; Majumder, S.K. (India)………………………………………………................................. 25 

- Renyi´s and Fermi-dirac entropic regularization method for solving min-max problems and its 

related applications. 

Gosh, G.; Mazumder, S.K. (India)…………………………….……………. ………………………36 

- Study on decomposition transformation of error System structure. 

Liao, L.P.; Guo, K.Z.; Yao, L.X. (P.R. China)………………. ………………………………...…...50 

- Study of similarity transformation of error system structure. 

Liao, L.P.; Guo, K.Z.; Yao, L.X. (P.R. China))……………………………………………….……. 67 

- A review of error-eliminating theory.  

Zhou, J.G.; Chen, H.Z.; Guo, K.Z.; Ye, S.S. (China)……………………………………………… 83 

Vol. 50, nº2 

- A new hybrid WC-FR conjugate gradient method with relaxed conjugacy condition.  

Al-Bayati, A.Y.; Al-Kawaz, R.Z. (Iraq)……………………………………………………………… 1 

- Study for solution of the error-eliminating programming model with containing-type error matrix 

equation. 

Min, X.; Guo, K. (China P.R.) ………………………………………………………………….…30 

- Discontinuity of convergence of solutions for a class of linear singular switched systems with time 

delay.  

Xie, X.S. (P.R.China)……………………………………………………………………………….. 42 

- On inverse quadratic programming problems.  

Jain, S.; Arya, N. (India) …………………………………………………………………………….55 

- Stability of triangular equilibrium points in elliptical restricted three body problem under effects of 

oblateness primaries. 

Narayan, A.; Ramesh Kumar, C. (India) …………………………………………………………….72 

- One-element second-kind-three indeterminate error matrix equation.  

Liu, H.; Guo, K. (P.R.China)

………………………………………................................................................................................. 87 

- Optimization problems for a newparametric measure of information in dual spsceOne-element 

second-kind-three indeterminate error matrix equation.  

Verma, R.K. (India)……………………………………………………………. ...………………….96 

 

Contents- Advances B, 2013 



Vol. 56, nº1 

- Design of a hierarchical interval type-2 fuzzy logic power system stabilizer (PSS)for a multi-

machine power system governor control and its parameter coding using genetic algorithm (GA) 

search engine. 

Jha, M.; Trivedi, R.; Qureshi, M.F. (India)

 .......... ........................................................................................................... 1 

- Fault diagnosis in brushless DC motors using U-D factorization based recursive least squares 

estimator and fuzzy logic. 

Meagan, M.; Jayakumar, M. (India)

 ………………………………………........................................................ 19 

 

- Effect of threshold wavelet compression on image detection performance in a space-time block-

coded system under raleigh fading. 

Alwan, N.A.S. (Irak)

…………………………………………………………………………………………... 36 

- Cloudy simulation algorithm in RTTOV using aladin forecasting output. 

Razagui, A.; Bouchouicha, K. Bachari, N.E.I. (Algeria) ...............................  

………………………………………………………52 

- CBMIR: shape and texture based medical image retrieval using generic fourier descriptor (GFD) and 

gabor filters (GF). 

Ramamurthy, B.; Chandran, K.R. (India)

 ........ ……………………………………………………………………... 68 

- Cloudy simulation algorithm in RTTOV using aladin forecasting output. 

Nayak, V.; Jha, M.; Qureshi, M.F.; Banjare, Y.P. (India)

 ................................ …………................................................................... 81 

Vol. 56, nº2 

- Genetically optimized multiple ANFIS baed discovery and optimization of catalytic materials. 

Nayak, V.; Jha, M.; Qureshi, M.F.; Banjare, Y.P. (India)

 ................................ ……………………………………………………..... 1 

- Modeling and simulation of optimized saddle antenna for ultra-wideband applications. 

Madhavi, D.; Padmaja Rani, G.; Poornachanda Rao, N.V. (India)

 ............................................... …………………………………………… 20 

- Classification enhancement of MOS gas sensors by optimized temperature modulation using system 

identification. 

Dutta, N.; Buyan, M. (India)

............................................................................................................................... 35 

- Speech recognition based on HMM for a smart wheel chair controller using ADSP blackfin BF537 

DSP plateform. 

Raveendranathan, K.C.; Pillai, S.S. (India)

 .......... …………………………………………………….……………… 55 

- Hand written English character recognition using input pattern segmentation technique (IPST). 

Mandal, R.K.;  Manna, N.R. (India)

 .................................................................................................................... 68 



- Content based medical image retrieval (CBMIR) using shape and texture content. 

Ramamurthy, B.; Chandran, K.R. (India)

 ........ ........................................................................................................... 84 

 

 

Contents- Advances C, 2013 

Vol. 68, nº1 

- Design of adaptive grey fuzzy PID controller with variable prediction step-size for power system 

dynamic stability control and its on-line rule training. 

Jha, M.; Qureshi, M. F.; Srivastav, P. (India)

 ............. ........................................................................................................ 1 

- Adaptive neuro-fuzzy modeling for throttle control governing. 

Bharti, I.C.; Qureshi, M.F.; Banjare, Y.P. (India) 

 ..................... …………………………………………………………….. 22 

- Sliding mode control and fuzzy logic control of hydraulic robot manipulator. 

Rouabah, Z.; Abdelhadi, B.; Anayi, F.; Zidani, F. (Algeria)

 ..................................... .............................................................................. 36 

- Differential evolution approach for optimization of AGC after deregulation using capacitive energy 

storage. 

Raja, J.; Christober Asir Rajan, C. (India)

 ......... …………………………………………………………………….. 49 

- A smart virtual platform for field programmable gate array (FPGA) based process control 

development and its implementation. 

Bhaskarrao, N.K.; Vaidyan, V.M.; Vaidyan, M.V. (India)

 ................................... …………………………………………………… 66 

- GARIC-Approach of hybrid system control for real-time system stabilization. 

Qureshi, M.F.; Jha, M.; Rathore, A. (India)

 ........... …………………………………………………………………… 76 

Vol. 68, nº2 

- A 20-year survey on general modeling of synchronous motor and its stability studies. Part II: 

literature review and case study. 

Chattopadhyay, A.B.; Thomas, S.  (United Arab Emirates)

 ..................................... …………………………………………………… 1 

- A 20-year survey on general modeling of synchronous motor and its stability studies. Part I: first 

literature review. 

Thomas, S.; Chattopadhyay, A.B.  (United Arab Emirates)

 .................................... ………………………………………………...… 20 

- Designing power system stabilizer for system damping for transient disturbances using grey ANFIS 

technique. 

Jha, M.; Qureshi, M. F.; Srivastav, P. (India)

 ............. ...................................................................................................... 36 

- Fuzzy logic control of induction machine presenting defective rotor bars. 



Belhamdi, S.; Goléa, A. (Algeria)

....................................................................................................................... 54 

- Torque ripple minimization in permanent magnet synchronous motor using neural networks. 

Adhavan, B.; Jagannathan, V. (India)

 .. ................................................................................................................. 65 

 

 

Contents- Advances D, 2013 

Vol. 18, nº1 

- Fuzzy approach for bi-level multi-objective integer fractional programming problem. 

Emam, O.E. (Egypt)

…………………………………………………………………………………………… 1 

- Efficient freqüent pattern mining metod for finding subsequence paterns & all their instances in 

sequence data sets.  

Pujeri, R.V.; Karthik, G.M. (India) 

 …………………………………………………………………………… 14 

- Numerical solution of queuing model of UMTS cell with virtual single-channel zones using 

MOSEL-2 language.  

Zreikat, A.I. (Jordan)

………………………………………………………………………………………...… 35 

- A stochastic programming model for minimizing coefficient of variation.  

Gupta, S.N. (India)

…………………………………………………………………………………………….. 50 

- Information retrieval using term frequency weight.  

Janarthanan, P.; Rajkumar, N. (India) 

 ... ………………………………………………………………………… 58 

- Some unbiased estimation procedures for population mean in two-occasion successive sampling.  

Singh, G.N.; Bandyopadhyay, A. (India)

 ....... ……………………………………………………………………… 71 

- Resisting malicious payload insertion for securing video streaming over P2P network.  

Shahabadkar, R.L.; Pujeri, R.V. (India)

 ..... ……………………………………………………………………….. 87 

Vol. 18, nº2 

- Estimation of population mean using dynamic auxiliary variable in two-occasion successive 

sampling.  

Singh, G.N.; Prasad, S.; Majhi, D. (India)

 ......... ……………………………………………………………………… 1 

- Nonparametric estimation of a mixture of signal (interference) probability densities with the help of 

modified parallel cluster procedure.  

Ibatoulline, E.A. (Russia)

……………………………………………………………………………………… 18 

- Developing a generic object-relational simulation model using SQL server system.  



Mashhour, A.S. (Bahrain)

……………………………………………………………………………………... 28 

- Modeling specification and performance evaluation of 3G cellular wireless networks by MOSEL-2 

language. 

Zreikat, A.I. (Jordan)

…………………………………………………………………………………………... 49 

- Draw up a data generator as evaluation tools of the electrical system reliability of the grid networks.  

Nani, Y.; Bahri, M. ; Aboubou, A. ; Ayad, M.Y. ; Becherif, M. ; Rouina, A. (Algeria-

France)……………… 76 

- Node entropy optimization of novel graph class-universal hierarchical graph using entropy 

optimization method.  

Karmakar, K.; Majumder, S.K. (India)

 .... ………………………………………………...……………………… 90 

 

 

Contents- Modelling A, 2013 

Vol. 86, nº1 

- Reliability investigation of series-parallel and components of power system using interval type-2 

fuzzy set theory. 

Sharma, A.; Jha, M.; Qureshi, M.F.(India)

 ......... ……………………………………………………………………… 1 

- Study of sub-threshold leakage corrents for 32 nm, 45 nm, 90nm, 130 nm tecnologies using variable 

gate oxide thickness (VGOT) MOSFET. 

Keerti Kumar, K.; Bheema, Rao, N. (India)

 ........... …………………………………………………………………… 17 

- Digital simulation of dielectric properties of low loss materials with the experimental validations 

using rectangular waveguide structure. 

Belrhiti, M.D.; Bri, S.; Nakheli, A.; Mamouni, A.(Morocco-France)

 ................................................... ………………………………………… 27 

- Detailed approach to analysis of ship-to-structure collision using both experimental and numerical 

methods. 

Petrik, M. (Czech Republic)

…………………………………………………………………………………… 39 

- Value-based system reliability planning by spinning reserve technique. 

Saha, S.K.; Banerjee, S.; Chanda, C.K. (India)

 ................ ………………………………………………………………... 52 

- Analysis and comparison on the effect of different broken bar locations in three-phase induction 

motor. 

Hammadi, K.J.; Ishak, D.; Salah, W.A. (Malaysia)

 ....................... …………………………………………………………… 64 

- Simulation of solidification time of commercially pure aluminium casting in metallic mouls. 

Bala, K.C.; Khan, R.H. (Nigeria)

……………………………………………………………………………… 76 



- Reconfiguration of distribution systems based on fuzzy multy-objective approach by considering 

distributed generators. 

Banerjee, S.; Das, D.; Chanda, C.K. (India)

 ........... …………………………………………………………………… 87 

- Rotor fault detection and diagnosis of induction motor using fuzzy logic.  

Mini, V.P.; Ushakumari, S. (India)

…………………………………………………………………………... 106 

Vol. 86, nº2 

- Development of fuzzy type-2 reliability models for power system reliability evaluation problems and 

preventive maintenance suggestions. 

Sharma, A.; Jha, M.; Qureshi, M.F.(India)

 ......... ……………………………………………………………………… 1 

 

- Biconical dipole (5x5) square planar array for higher gain and low side lobe levels. 

Subba Rao, C.; Sudhakar, A. (India)

 ... ………………………………………………………………………… 16 

- Study and design of patch antenna λ/8 for WIMAX technology applications. 

Latif, A.; Ait Ouahman, A. (Morocco)

 ..... ……………………………………………………………………….. 31 

- Modelling and characterization of carbon nanotubes FETs. 

Kebaili, F.; Benabbas-Marir, M. (Algeria)

 ........... …………………………………………………………………… 41 

- Generation of narrow beams from waveguide ring arrays for radar applications. 

Kumar Naik, K.; Raju, G.S.N. (India) 

 ... ………………………………………………………………………… 53 

- An adaptive selective current harmonic elimination technique using recursive least square (RLS) 

algorithm for three phase AC voltage controllers. 

Padmanabhan, S.; Sudhakaran, M.; Jeevananthan (India)

 ................................. …………………………………………………….. 71 

- Genetic algorithm based selective harmonic elimination technique for multilevel inverters with 

unequal voltage sources.  

Sreedhar, T. ; Udhayakumar, K. (India)

 ..... ……………………………………………………………………….. 87 

- Interval type-2 fuzzy logic based motor current signature analysis for fault diagnosis and condition 

monitoring of induction motors. 

Jha, M.; Suryawanshi, H.; Qureshi, M.F. (India)

 ................... …………………………………………………………….. 105 

- Analysis of pitting corrosion of 304austenitic stainless steel weld in 3.5% NaCl.  

Al-rubaiev, S.I.; Abbas, M.K.; Ottawi, O.A. (Iraq) 

 ....................... ………………………………………………………….. 123 

 

 

Contents- Modelling B, 2013 



Vol. 82, nº1 

- Performance assessment of heat exchanger using mamdani based adaptive neuro-fuzzy inference 

system (M-ANFIS) and fuzzy reliability concepts. 

Borkar, P.K.; Jha, M.; Qureshi, M.F.; Agrawal, G.K. (India)

 ...................................... ………………………………………………....... 1 

- Optimized design of prestressed concrete railway sleeper. 

Sykorova, J.; Bartova, J.; Stemberk, P. (Czech Republic)

 ................................. …………………………………………………….. 21 

- Stokes flow past a non-homogeneous deformable porous shell with velocity slip. 

Rajvanshi, S.C.; Wasu, S. (India)

……………………………………………………………………………… 39 

- Mathematical modeling and control of a non-isothermal continuous stirred tank reactor (CSTR). 

Ike, I.S.; Mbah, G.C.E. (Nigeria)

……………………………………………………………………………… 55 

- Improvement of operation performances of the evaporative tower and the electrostatic precipitator 

for a cement factory. 

Boumedine, M.S.; Haddouche, R.; Chetate, B. (Algeria)

 ................................ ................................................................................... 77 

- Numerical investigation of free and forced convection two-phase flow over a wedge. 

Mishra, S.K.; Tripathy, P.K. (India)

 …………………………………………………………………………… 92 

Vol. 82, nº2 

- Heat transfer in visco-elastic free convective fluctuating MHD flow past a hot vertical porous plate 

with variable temperature. 

Sahoo, S.N.; Dash, G.C. (India)

………………………………………………………………………………… 1 

 

- Diffusion-thermo effect on free convective heat and mass transfer MHD flow in a vertical channel in 

the presence of chemical reaction. 

Kar, M.; Dash, G.C.; Rath, P.K. (India)

 ..... …………………………………………………………………..…… 15 

- Propagation of a cylindrical shock wave generated by a moving piston in a rotational axisymmetric 

flow of a non-ideal gas. 

Singh, K.K.; Nath, B. (India)

…………………………………………………………………………………... 35 

- Radial and rotatory vibrations in a non-homogeneous spherical shell of aeolotropic material under 

the attractional force. 

Narain, S.; Srivastava, T.K.; Srivastava, H.K. (India)

 ........................... ........................................................................................ 51 

- RK-butcher algorithm for a non-linear singular system from fluids dynamics. 

Murugesh, V.; Murugesan, K. (Saudi Arabia-India)

 ........................ …………………………………………………………... 67 

- Effects of small defects on the fatigue crack initiation life: case of the rail wheel. 



El Kinani, A.; Haterbouch, M.; Oussouaddi, O.; Zeghloul, A. (Morocco-

France)……………………………. 86 

 

 

Contents- Modelling C, 2013 

Vol. 74, nº1 

- Domestic water consumption model for Abuja, Nigeria. 

Ayanshola, A.M.; Sule, B.F.; Salami, A.W.; Okeola, O.G. (Nigeria)

 ................................................... ………………………………………….. 1 

- Thermodynamic study on the corrosion processes of grey cast iron in H2SO4 in presence of a new 

inhibidor. 

Mohamed, A.A.; Bakr, M.F.; El-Hai, F.A.; El-Nekhaly, S.H.; Mabrouk, E.M.(Egypt-Saudi Arabia) 

……… 13 

- Mathematical modelling of effect of inlet geometry on cyclone performance as a diesel exhaust soot 

particulate emission arrester. 

Mukhopadhyay (India)

........................................................................................................................................ 30 

- Mathematical modeling and control of a non-isothermal continuous stirred tank reactor (CSTR). 

Ike, I.S. ; Mbah, G.C.E. (Nigeria)

……………………………………………………………………………... 41 

Vol. 74, nº2 

- Model to monitor and predict the total hardness density of Rivers State, Nigeria River using the 

application of conversion and dispersion. 

Ukpaka, C.P.; Ogoni, H.A. (Nigeria)

 . .................................................................................................................... 1 

- Development of prediction model for industrial solid waste management with genetically tuned 

fuzzy inference system: a case study of balko-Korba Twin City India. 

Jha, M.; Sharma, S; Qureshi, M.F. (India)

 ......... .......................................................................................................... 31 

- The automation of the prevision of prevalence and spread of HIV/AIDS. 

Baridam, B.; Irozuru, C. (Nigeria)

…………………………………………………………………………….. 49 

- Application of discrete compartment models to predict and monitor degradation of crude oil in an 

ecosystem using matrix. 

Ukpaka, C.P. 

(Nigeria).………………………………………………………………………………………... 66 

 

Contents- Modelling D, 2013 

Vol. 34, nº1 

- The closeness centrality analysis of undirected fuzzy social network 

Hu, R.J.; Zhang, G.Y(P.R.China) 

………………………………………………………………………………. 1 



- A decision suport System for crossdocking operations in just-in-time manufacturing for lead time 

reduction. 

Hauser, K.; Lee-Post, A; Chung, C.H. (USA) 

 ............... ………………………………………………………………… 17 

- Analysis of transit performance for planning service changes and assessing their impacts in the Ilorin 

urban area. 

Yusuf, I.T. (Nigeria) 

..........................................................................................................................................  37 

- Comparison of the loyalty program based on the analytic hierarchy process: take Chinese shopping 

sites as an example. 

Zhang, D.P.; Chen, X.Y.; Huang, C. (China) 

 .................. ................................................................................................. 50 

Vol. 34, nº2 

- The determinants of capital structure: evidence from Egypt. 

Dawood, A.S.M. (Egypt) 

...................................................................................................................................... 1 

- Applying an activity based costing system to a long-term care center: a case study. 

Sanchez-Rebull, M.V.; Terceño Gomez, A.; Trave Bautista, A., M. (Spain) 

 ............................................................... .................................................... 18 

- Mathematical relationship between dependant and independent parameters of women workers 

working on Ambar Charka (speening weel) by dimensional analysis. 

Thakre, G.V.; Patil,S.G. (India) 

……………………………………………………………………………….. 38 



2 
 

Domestic Water Consumption Model for Abuja, Nigeria 

*A.M. Ayanshola, **B.F. Sule, ***A.W. Salami and ****O.G. Okeola 
Department of Civil Engineering 

Faculty of Engineering and Technology 
University of Ilorin, P.M.B. 1515 

Ilorin, Nigeria 
*amniyi15@yahoo.com, amniyi@unilorin.edu.ng 

**Bolajifsule54@yahoo.com 
***Awsalami2006@yahoo.co.uk 
****okeolaolayinka@gmail.com 

 

Abstract 

This paper examined the residential water consumption pattern in the Federal Capital 

Territory (FCT) Abuja, Nigeria. The parameters considered were volume of water use, population, 

numbers of toilets and number of rooms in the houses at household level of residential areas. 

Analysis was carried out on hourly, daily and weekly bases to obtain the trend of water usage. 

Daily water use has been modelled in order to establish the structural relationship between the 

variables and household water demand and to reveal the determinants of the variation of water use. 

The results showed that the average water consumption rate is 251.47 litre/capita/day, which is 

much more than the minimum value of 120 litre/capita/day recommended by WHO. The test on 

model results indicated that number of toilets; number of rooms and household population are 

significant and are positively related to the average daily water demand. 

 

Key Words:  

Domestic, Water Consumption, Model, Demand 

 

1. Introduction 

Water is the source of man’s existence in life. Water usage is the driving force behind the 

hydraulic dynamics occurring in water distribution systems. Anywhere that water can leave the 

system represents a point of consumption, including a costumer’s faucet or tap, a leaky main, or an 

open fire hydrant (Walski et.al, 2003). Water demand apart from domestic use, also include 

commercial, industrial, agricultural and public uses. Water demand is the amount of water required 

to satisfy all human activities such as domestic, agricultural, industrial as well as fire fighting. As 

such, the accurate estimation of water demand is paramount for proper planning and designing of 

new and improvement scheme of water supply systems. 
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Stikker (1998) provides a general overview of the fresh water scarcity that parts of the 

world are facing today and will increasingly face in coming decade. He particularly demonstrated 

why and how many countries, developing and newly industrialized regions in the Middle East, 

Africa, Asia and South America will be vulnerable to lack of water. A common characteristic of 

water demand in urban areas worldwide is its inexorable rise over many years, and projections of 

continuing growth over coming decades. The main influencing factors are population growth, 

migration, standard of living, demographic, and effects of climate change (Largo et.al, 1998). 

Estimating and forecasting of water demand became necessary as the urban population 

dependent on public water supplies increased rapidly and new demand for water could not easily be 

met. It is common to use models as an aid to conceptualizing the components of demand and their 

relationship with various factors. In modeling, the objective is to find simple relationship which 

account for as much of the variability of demand as possible. Cochran and Cotton (1995) used 

multiple regression models in a municipal water demand study for Oklahoma City and Tulsa. The 

results indicate that price per capita income were predictive variables for Oklahoma City’s water 

demand while only per capital income was found to be predictor for consumption in Tulsa. Mimi 

and Smith (2000) and Khadam (1984) employed this approach in water demand studies for 

Rammallah and Khartoum respectively. Both studies also found price and size of household 

significant, but later was inversely (i.e. as household size increases, per capita water use decreases).  

This paper assess and examine the water consumption pattern in Federal Capital Territory 

(FCT), Abuja, Nigeria based on the available data at FCT Water Board. The data include quantity 

of water used, population, numbers of toilets and rooms in the houses. Arbues, et.al (2003) 

identified water price, income or household composition as crucial determinant of residential water 

consumption. Generally, the rate of water consumption depends on the socio-economic, education, 

development, the nature of prevailing climate and hygienic characteristics of people (Gilg and Bars, 

2006; Arbues, et.al, 2003; Schleich and Hillenbrand, 2009; Mohammed, 2008).  

Lack of data has been identified as the principal factor that is hampering proper and 

adequate water demand estimation in Nigeria. The availability of reliable data has been identified 

as necessary tools in proper planning and water demand analysis (Alsharif, et.al 2008; Zhou, et.al, 

2002; Schleich and Hillenbrand, 2008; Ruijs, et.al, 2008). Demand models provide simplification 

or abstraction of complex physical reality and the processes involved in it, and serve as tools in the 

solution of demand forecasting problems. The choice of an appropriate water demand modelling 

plays a vital role in planning and management decisions on water supply. 
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2. Materials and Methods 

The study was carried out based on the consumption records obtained from FCT Water 

Board, Abuja, Nigeria. Domestic, institutional and commercial water uses are the main categories 

covered and discussed. The analysis that was carried out include: 

1. Assessment of hourly domestic water use variation. 

2. Assessment and determination of domestic daily water use. 

3. Development of a mathematical model for daily per capita domestic water use. 

4. Assessment of typical domestic week day and week end as well as average weekly water 

use variation on hourly basis. 

Microsoft Excel and Stata8 Software are used in the analysis. The multiple regressions were 

used to obtain the model of Average Daily Household Water Use for the study area (eqt. 1). 

EXAXAXAXAAY nn3322110 ++++++= K      (1) 

Where Y is a dependent variable; A1, A2, A3, to An are coefficient of regression while X1, 

X2, X3 to Xn are auxiliary variables. E is Standard error. 

3. Results and Discussion 

3.1 Domestic Water Use 

The analysis on hourly, daily and monthly basis are used to examine water consumption 

pattern in FCT, Abuja. 

 

3.1.1 Hourly Water Use Pattern 

The first set of data analyzed is that of Gudu area based on records of meter readings for 

some households taken between 9.00 a.m. and 6.00 p.m. The available data was for Monday (week 

day) and Saturday (weekend). The average water use in litre per capita per hour has been 

determined. The minimum and maximum value was 5.05 litre/capita/hour and 30.02 

litre/capita/hour respectively (Table 1). The minimum usage occurs between the hour of 10.00 a.m. 

and 11.00 a.m. and rises to a peak at evening time between 3.00 and 5.00 p.m. as shown in Figure 

1. This period of peak water use may be as a result of domestic water use when many people are 

expected to be at home preparing dinner and doing other household chores. 
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Table 1: Summary of Hourly Water Use (Gudu Area) 

 

Variables  

Per Capita Hourly Household Water Use (litre/capita/hour) 
Mean Standard Deviation Minimum Maximum 

Week Day (Monday)  16.02 7.93 8.55 30.02 

Weekend (Saturday)  11.87 7.43 5.05 28.97 

Week Average 13.76 7.13 6.67 28.62 

 
 
 

3.1.2 Typical Weekly Water Consumption Pattern on Hourly Basis 

a) Typical Day 

Table 2 shows the average summary for 24 hours water usage. Figure 2 depicts the hourly 

variation of water use for days and week average. Three main peak periods have been identified in 

the trend of hourly water use in this area and these occurred between the hours of 3 a.m. – 5 a.m., 9 

a.m. – 11 a.m. and 22 – 23. But for Saturday only one peak is identified and that is between hours 

of 3 and 4. This unusual peak period on a Saturday means that residents tend to do a lot of cleaning, 

washing and cooking in the early hours of the weekend to allow them to have time for other 

activities during the day. There is low water use during weekday and weekend between 17 – 21 

hours (Figure 2). This is because most residents are yet to return home as they may be busy 

shopping and also held up in traffic in the city. 

 

Table 2: Summary of Hourly Water Use (Jabi Area) 
 
Variables  

Per Capita Hourly Household Water Use (litre/capita/hour) 
Mean Standard Deviation Minimum Maximum 

Week Day (Wednesday) 24.27 12.71 1.32 49.58 

Weekend (Saturday) 27.76 18.82 3.57 80.22 

Week Average 24.43 11.59 4.11 47.53 
 
 

 

b) Typical Week 

Another set of data examined is the one presented on hourly basis for the whole week the 

summary of which is presented in Table 3. Week day and week end average domestic water use 

were at 22.53 litre/capita/hour and 16.73 litre/capita/hour respectively while weekly average was 

20.87 litre/capita/hour. The minimum and maximum values of weekly water use occurred at 
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weekends as shown in the Table. Figure 3 shows the hourly variation for average week day, week 

end and overall weekly domestic water consumption. Two peak periods characterised these charts 

which occurred between the hours of 6 – 9 and 16 – 17 respectively while the average minimum is 

experienced between the hours of 11 and 12. 

 

Table 3: Statistical Summary of Weekly Household Water Use on Hourly Basis 

 

Variables 

Average Household Water Use (litre/capita/hour) 

Mean Standard Deviation Minimum Maximum 

Weekdays (Monday to Friday) 22.53 9.27 7.88 39.93 

 Weekend (Saturday & Sunday) 16.73 15.76 0.56 63.42 

 Weekly (Sunday to Saturday) 20.87 7.97 8.67 40.90 

 
 
c) Daily Variations 

Average daily variations for different days of the week were also examined. The results are 

shown in Figure 4 and Table 4. The average daily per capita consumption has been estimated to be 

20.87 litre/capita/hour while the minimum and maximum values stand at 16.16 and 24.96 

litre/capita/hour respectively. The peak value occurs on Monday, Wednesday and Thursday. Low 

values on weekends indicate that many people travel out of the city during this period. High values 

on Monday show that there is increase in number of people who return to the city for the work 

during the week and hence there is increase in water use. 

 

3.1.3 Daily Water Use Pattern 

The monthly data presented on daily basis was used for the analysis. Average daily water 

used is classified in eight categories and the results are presented in Table 5. The analysis shows 

that over a quarter of the households have each member using between 200 and 399 litres of water 

per day. This is followed closely by 20 to 49 litres per capita per day with 400 litres per capita per 

day having the least frequency. Average daily water consumption has been estimated to be 251.47 

litre/capita/day and that for planning purpose; the records used show that a value of 250 

litre/capita/day can be adopted for FCT, Abuja. 
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Table 4: Average Daily Household Water Use on Hourly Basis 

Parameters Day of Week Average Household Water Use (litre/capita/hour) 

Days 

Sunday 17.299 

Monday 24.298 

Tuesday 19.199 

Wednesday 24.616 

Thursday 24.964 

Friday 19.566 

Saturday 16.163 

Summary 

Mean Value 20.87 

Standard Deviation 3.70 

Minimum Value 16.16 

Maximum Value 24.96 

 
 
 
 

 
Figure 1: Domestic Water Use Variation in Gudu Area 
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Figure 2: Daily Water Consumption Variation on Hourly Basis (Jabi Area) 

 
 

 
Figure 3: Typical Weekly Water Consumption Variations on Hourly Basis 
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Figure 4: Average Daily Domestic Water Use 

 
 

 

3.1.4 Modelling of Daily Domestic Water Use 

Multivariate statistical analysis was performed to establish the structural relationship and 

the determinants of the variation of water use. The model of the following form has been used to 

established the said relationship (Zhang and Brown, 2005) 

( ) EXXXfQ n21 += ,,, L         (2) 

Where  Q is the dependent variable or household water consumed per day 

f(.) denotes the function of explanatory independent variables. 

Equation (3) has been fitted using multiple regression analysis while Tables 6, 7 and 8 show 

the regression statistics, analysis of variance (ANOVA) and values of test results of coefficient of 

regression respectively. 

08827NT42124NR98182HP27148HTWU .... −++=        (3) 

Where:  HTWD = Household total water use in litre per day (l/d) 

   HP = Household population 

   NR = Number of rooms in the house 

   NT = Number of toilets in the house 
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Table 5: Average Daily Water Use distribution 

Range of Average Daily Water Use (litre/capita/day) Frequency Percentage 

< 20 8 6.90 

20 - 49 28 24.14 

50 - 99 13 11.21 

100 - 149 14 12.07 

150 - 199 13 11.21 

200 - 399 30 25.86 

400 and Above 10 8.62 

Total 116 100.00 

 

Table 6 presents the summary of regression statistic parameters obtained from Table 7. The 

probability value for the F-test statistic (0.000) is less than 0.05 (5% level of significance), which 

indicates that the model is adequate and is useful for predicting water use. Moreover, since the 

calculated F-value (163.52) is much greater than Fcritical (2.705), it further shows that the regression 

equation is adequate. The value of R as shown in Table 8 was obtained to be 0.92 and R Square 

(0.84), and it shows that about 84 % of the variation in Average Daily Household Water Demand is 

explained by the model. Table 8 shows the detail regression coefficient of the variables considered 

for this model. From the Table, for each of the variables, the value in the column marked P>|t| 

shows their statisticall y significant contribution to the Average Daily Household Water Use. All the 

variables (i.e. number of toilets, number of rooms and household population) has their P>|t| values 

less than 0.05, hence they all made significant contribution to the prediction of Average Daily 

household Water Use.  In addition they are positively related to the Average Daily Household 

Water Use since they all have positive coefficient values (Table 8). The Table further shows the 

Standard errors at 95% confident limit interval. 

 

Table 6: Regression Statistics 

Parameters Value Parameters Value 

Number of observations 95 Multiple R 0.92 

F {3, 91} 163.52 R-Square 0.84 

Probability>F 0.00s Adjusted R-Square 0.84 
S Significant 
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Table 7: ANOVA Table 
Source Degree of Freedom Sum of Square Mean Square F-Value Significance F 

Regression 3 2.39E+08 79609658 163.52 1.57E-36 

Residual 91 4.43E+07 486849.3 
  

Total 94 2.83E+08 
   

 
 
Table 8: Regression Coefficients, standard error and t-value 
Total Household Water 
Use Variables 

Coefficient 
Standard 

Error 
t-value P>|t| [95% Conf. Interval] 

Population 148.27 24.99 5.93 0.00 98.63 197.90 

No of Rooms 182.98 37.81 4.84 0.00 107.88 258.08 

No of Toilets 124.42 44.45 2.80 0.01 36.13 212.71 

Constant -827.08 108.30 -7.64 0.00 -1042.20 -611.96 

 

4. Conclusion 

The results of this work have established the amount of water that is used on daily basis for 

different categories of users. In some sections of the study area, many people were found to 

consume less than the minimum basic water requirement value of 50 litre/capita/day as 

recommended in the literature. However an average value of 251.47 litre/capita/day obtained using 

monthly records was found to be more than the minimum value of 120 litre/capita/day as 

recommended by WHO. On hourly water variation, the analysis shows that two peak periods 

always exist (morning and evening) when people are most likely to be at home either preparing to 

go out for work or preparing for household dinner and some other domestic chores. On the model 

formulated, all the variables (i.e. number of toilets, number of rooms and household population) 

made significant contribution to the prediction of Average Daily household Water Use. These 

variables are also positively related to the Average Daily Household Water Use. This shows that the 

model is therefore very useful for the prediction of water use in the study area and other urban areas 

in Nigeria and elsewhere with similar socio-economic futures. 
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