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Abstract

This study develops a forecasting model for water consumption at the Padang Municipal Waterworks using the
Seasonal Autoregressive Integrated Moving Average (SARIMA) approach to enhance water distribution planning.
Monthly consumption data from 2007 to 2024 were analyzed using time-series techniques. The results identify
SARIMA (1,1,1)(1,1,1)12 as the optimal model, effectively capturing both long-term trends and seasonal
fluctuations. The model demonstrates high predictive accuracy with a Mean Absolute Percentage Error (MAPE)
of 5.26%. While the Root Mean Square Error (RMSE) of 238,967.70 m*® suggests limited robustness against
extreme data anomalies, the model remains highly effective for forecasting under normal operational conditions.
These findings provide a data-driven foundation for Padang City’s water resource management, offering a more
precise tool for anticipating demand cycles. Future research should consider incorporating external variables to
better account for non-seasonal volatility.
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1. Introduction

Urbanization and rapid population growth have significantly escalated the demand for clean water
in developing cities [1]. Padang City, as a regional economic hub, faces substantial challenges in
maintaining a sustainable water supply through its local water utility, Perumda Air Minum (PDAM)
Padang. Water consumption in this area is not static; it exhibits significant fluctuations driven by
seasonal cycles, consumer behavior [2], and shifting climatic conditions [3]. Such volatility often leads
to an imbalance between supply and demand, which directly compromises distribution efficiency [4]
and service quality [5];[6].

Effective water resource management necessitates precise forecasting to anticipate future
consumption patterns [7][8]. Historical data-driven approaches provide a robust foundation for
operational decision-making [9]. Recent developments in computational statistics have been widely
applied to support urban policy-making in Indonesia, ranging from the prediction of crime patterns using
regression models [10] to the forecasting of vital public utilities. In time-series analysis, the Seasonal
Autoregressive Integrated Moving Average (SARIMA) model has emerged as a powerful tool due to its
specialized capability in capturing both long-term trends and recurring seasonal patterns [11].

While SARIMA has been applied in various hydrological contexts globally [12][13], its
implementation for localized urban water utilities in Indonesia, particularly in Padang, remains under-
explored. Most existing studies focus on macro-level data or lack a comprehensive evaluation using
integrated accuracy metrics. This study addresses this gap by utilizing an extensive 17-year dataset
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(2007-2024) to provide a more stable and reliable seasonal analysis. Furthermore, this research
integrates mean absolute percentage error (MAPE) and root mean square error (RMSE) to rigorously
validate the model's sensitivity to both average deviations and extreme anomalies.

The primary objective of this study is to develop an optimal SARIMA-based forecasting framework
specifically tailored to the consumption characteristics of Padang City. By identifying deep-seated
seasonal cycles and trends, this research provides a data-driven reference for PDAM Padang to optimize
its distribution planning. The findings are expected to offer practical contributions to local policy-
making, ensuring that water infrastructure development aligns with actual consumption trajectories to
improve operational efficiency. This approach is consistent with industrial engineering principles where
systematic planning is essential to optimize system layouts and production flows [14].

2. Method
a. Data description and source

This study utilizes secondary data consisting of monthly water consumption (m*month) from the
Perumda Air Minum (PDAM) Kota Padang, covering the period from January 2007 to December 2024
(n = 216 observations). The data were sourced from the Central Bureau of Statistics (BPS) of Padang
City. Prior to analysis, data preprocessing was conducted to ensure consistency and completeness, with
no missing values identified in the dataset.
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b. Seasonal ARIMA (SARIMA) Model

The forecasting is performed using the Seasonal Autoregressive Integrated Moving Average
(SARIMA) model, an extension of ARIMA designed to accommodate seasonal fluctuations. The model
is denoted as SARIMA(p, d, q)(P, D, Q)s and is mathematically expressed as follows [15];[16]:

Pp (B2, (B)(1 — B)?(1 — B%)Py = 0¢(B*)84(B)et (1

where B is the backshift operator (By: = yw.1), s is the seasonal period (s = 12 for monthly data), and t
represents the white noise process. The parameters (p, d, q) handle the non-seasonal components, while
(P, D, Q) represent the seasonal autoregressive, differencing, and moving average orders, respectively.
The research follows the systematic Box—Jenkins framework, as illustrated in the flowchart in Figure 1.

c. Research procedure

The stages are summarized as follows: 1) Identification: Visual inspection of time-series plots and
statistical verification using the Augmented Dickey-Fuller (ADF) test. Non-seasonal (d) and seasonal
(D) differencing are applied to achieve stationarity. 2) Estimation: Potential model parameters are
identified through Autocorrelation Function (ACF) and Partial Autocorrelation Function (PACF) plots.
3) Selection: The optimal model is selected based on the lowest Akaike Information Criterion (AIC) and
Bayesian Information Criterion (BIC) values using Maximum Likelihood Estimation (MLE) in Python.
4) Diagnostic Checking: Residual analysis is performed using the Ljung—Box test to ensure the residuals
satisfy white noise and normality assumptions.

d. Performance evaluation

The predictive accuracy of the model is validated using Mean Absolute Percentage Error (MAPE)
and Root Mean Square Error (RMSE) [17], defined as:

_lyn YV
MAPE = o 2i=1| "y

x 100% 2

RMSE = \/ﬁzam — Y2 3)

where Y/ is the actual value and Y, is the forecasted value. A MAPE value below 10% is categorized as
highly accurate forecasting [18].

3. Results and Discussion
Time series identification and stationarity

Visual analysis of the water consumption data from 2007 to 2024 (Figure 2) reveals a persistent
upward trend, with consumption doubling from 1.4 million m? to over 3.1 million m*. Statistically, the
original data is non-stationary, confirmed by the ADF test (p-value = 0.9812). After applying first-order
non-seasonal and seasonal differencing (d = 1, D = 1), the data achieved stationarity (Figure 3), with the
ADF statistic dropping to -6.0272 (p-value < 0.001).
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Figure 5. SARIMA Result

The model achieved an AIC of 5384.10 and a BIC of 5400.66, indicating a superior goodness-of-
fit. The statistical significance of the coefficients in the output confirms that the model effectively
accounts for both the trend and the complex seasonal dynamics of water demand in Padang.
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Diagnostic checking

The model passed the Ljung-Box test (p-value = 0.12), indicating that the residuals are white noise
(uncorrelated). Although the Jarque-Bera test (p-value < 0.05) suggests a non-normal distribution due
to leptokurtic tails (Figure 6), this is common in high-volatility infrastructure data and does not
invalidate the model's forecasting capability.
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Figure 6. Diagnostic checking result
Forecasting performance and discussion

The model demonstrates exceptional accuracy under stable conditions, with a MAPE of 5.26%,
classified as "Excellent". However, the RMSE of 238,967.70 m? highlights a significant gap during the
testing phase (Figure 7).
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Figure 7. SARIMA forecast results and the actual data

Discussion of anomalies

The primary overestimation observed at the end of the period coincides with a flash flood disaster
in Padang that severely damaged PDAM infrastructure. This event highlights a fundamental
characteristic of the SARIMA model: while it excels at capturing demand-side trends, it is inherently
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limited in anticipating supply-side shocks. This finding suggests that for long-term utility management,
statistical models must be integrated with contingency planning or hybrid approaches (such as
SARIMAX) to account for extreme exogenous disruptions.

4. Conclusion

The study demonstrates that the SARIMA(1,1,1)(1,1,1)12 model is a highly effective tool for
forecasting water consumption in Padang City, achieving an excellent accuracy level with a MAPE of
5.26%. The model successfully captures the long-term upward trend and recurring monthly seasonal
patterns, providing a robust data-driven foundation for PDAM Padang in strategic distribution planning
and annual budgeting. However, the sensitivity of the model to the RMSE 0f 238,967.70 m? underscores
a critical limitation: its inability to anticipate supply-side shocks caused by extreme exogenous events,
such as the flash flood infrastructure damage observed in the data. While the SARIMA approach remains
superior for forecasting under stable operational conditions, integrating exogenous variables or hybrid
modeling is recommended to enhance resilience against non-periodic anomalies. Ultimately, this
research offers a practical framework for more adaptive and precise water resource management in urban
settings.
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