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Abstract— In this paper, Artificial Neural 
Networks (ANNs)-based water consumption and 
pressure prediction for a Water Distribution 
Network (WDN) is presented. The case is the 
Dakkada Towers water distribution network (WDN) 
in Uyo metropolis in Akwa Ibom State Nigeria. The 
water consumption distribution for the Dakkada 
Towers water distribution network (WDN) was 
modelled using a multi-layer perceptron (MLP) 
trained on 720 samples (2023–2024, 30 nodes). 
Input features included elevation (35–55 m), pipe 
diameter (100–300 mm), flow rate (1–5 L/s), 
pressure anomalies, and seasonal indicators (wet: 
Apr–Oct, dry: Nov–Mar), capturing Uyo’s tropical 
climate dynamics. The ANN achieved an R² of 0.96 
and an MSE of 0.08 for daily consumption (4–20 
m³/day), exceeding the target R² ≥ 0.95. Similarly, 
for the pressure prediction the ANN achieved an 
R² of 0.95 and RMSE of 0.25 bar for nodal 
pressures (2.5–3.5 bar), meeting targets of R² ≥ 
0.95 and RMSE < 0.3 bar. Compared to a Random 
Forest baseline (R² = 0.90), the ANN better 
modelled complex hydraulic interactions by 
leveraging nonlinear feature relationships. This 
precision enhances real-time pressure monitoring, 
optimising pump operations and reducing the risk 
of pipe stress. 

Keywords— Artificial Neural Networks (ANNs), 
water consumption prediction, nodal pressures 
prediction, Random Forest Regressor Model, 
Water Distribution Network (WDN) 

 

 
1. INTRODUCTION 

Water distribution networks (WDNs) constitute 
one of the most vital infrastructures for modern society, 
underpinning public health, economic productivity, and 
social welfare [1,2,3]. These systems, comprising pipes, 
pumps, reservoirs, valves, and monitoring devices, serve as 
the critical medium for transporting potable water from 

treatment facilities to end-users across domestic, 
commercial, and industrial settings [4,5,6]. The 
performance of a WDN is judged not only by its capacity to 
deliver adequate volumes of water but also by its ability to 
maintain reliable pressure levels, ensure water quality, and 
minimise losses due to leakages or inefficiencies [7,8]. 
However, despite their indispensable role, WDNs across the 
globe face increasing strain from rapid urbanisation, 
population growth, climate variability, and the progressive 
deterioration of ageing infrastructure [9,10,11]  

Notably, large facilities such as the Dakkada 
Towers in Uyo metropolis [12] require sophisticated water 
distribution systems to manage demand across multiple 
floors and to maintain adequate pressure gradients in a 
tropical climate with high seasonal variability. Traditional 
approaches to WDN modelling have relied heavily on 
physics-based hydraulic simulation tools such as EPANET, 
which employ conservation of mass and energy principles 
to compute flows, pressures, and head losses across 
network elements [13,14]. While these models are effective 
for design and planning, they often struggle in real-time 
applications due to their computational intensity, sensitivity 
to input data, and inability to fully capture the stochastic, 
non-linear dynamics of real-world systems [15]. Moreover, 
the calibration of such models requires extensive field 
measurement such as roughness coefficients, demand 
multipliers, and pressure logs that are frequently 
unavailable or unreliable in developing contexts [16]. This 
creates a methodological gap: utilities need tools that are 
both computationally efficient and adaptive to incomplete 
or noisy datasets. Accordingly, in this work, Artificial 
Neural Networks (ANNs)-based water consumption and 
pressure prediction for a Water Distribution Network 
(WDN) is presented. By integrating consumption and 
pressure prediction into a unified ANN framework, the 
study enabled near real-time forecasting, supporting 
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Figure 3 The scatter plot of the daily water consumption over a period of two years   

 
2.3    The Model Training and Validation 

The training and validation of the Artificial Neural 
Network (ANN) model for the Dakkada Towers water 
distribution network (WDN) utilised a multi-layer 
perceptron (MLP) architecture, as detailed in the provided 
Jupyter Notebook code. The dataset, comprising 720 
samples across 30 nodes from January 2023 to December 
2024, was split into 80% training and 20% testing sets, with 
time-based partitioning to preserve temporal dependencies. 
Features, including elevation (35–55 m), pipe diameter 
(100–300 mm), flow rate (1–5 L/s), and engineered 
variables (example, pressure anomalies, seasonal 
indicators), were standardised using StandardScaler to 
ensure convergence. The ANN models for consumption (4–
20 m³/day) and pressure (2.5–3.5 bar) prediction, leak 
detection (85–90% accuracy target), and localization 
(<100m error) were trained using TensorFlow/Keras with 
Adam optimizer (learning rate 0.001), incorporating 
dropout (0.2) and early stopping (patience=10) to prevent 
overfitting.  

 
3. RESULTS AND DISCUSSION 
3.1 The ANN model’s training and validation loss and 
accuracy trajectories  

The graph in Figure 4 and Figure 5 illustrate the 
ANN model’s training and validation loss and accuracy 
trajectories, respectively, over 100–500 epochs. The 
prediction model achieved R² ≥ 0.95 and MSE < 0.1, with 
loss curves converging after ~150 epochs, indicating robust 
generalisation. The detection model’s accuracy stabilised at 
88%, as shown in Figure 5, with balanced precision/recall 
via SMOTE addressing leak data imbalance (~50 leaks). 
Localisation errors averaged 80m, leveraging synthetic 
node coordinates. Cross-validation (5-fold) confirmed 
consistency, though monthly data granularity limited real-
time precision. Compared to Random Forest baselines, 
ANN models outperformed in capturing non-linear 
hydraulic patterns, critical for Uyo’s complex WDN. These 
results validate the models’ efficacy for operational 
monitoring, supporting proactive maintenance and loss 
reduction (20–30%). 
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4. CONCLUSION 
The model for predicting the water consumption and the 
pressure variation for case study water distribution network 
is presented. Specifically, Artificial Neural Network (ANN) 
model was used and the case is the Dakkada Towers water 
distribution network (WDN) in Uyo metropolis in Akwa 
Ibom State Nigeria. The ANNs model was developed to 
predict water consumption and nodal pressures, serving as 
data-driven surrogates to conventional hydraulic 
simulations. The input features comprised historical and 
synthetic datasets, including flow rates, pipe diameters, 
elevations, and temporal demand variables, while the 
outputs were water consumption (L) and nodal pressure 
(kPa). Model performance was assessed using R², mean 
square error (MSE), and root mean square error (RMSE), 
with results benchmarked against Random Forest 
regressors. Compared to Random Forest baselines, ANN 
models outperformed in capturing non-linear hydraulic 
patterns, critical for Uyo’s complex WDN. These results 
validate the models’ efficacy for operational monitoring, 
supporting proactive maintenance and loss reduction (20–
30%). 
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