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Abstract: This study explores the relationship between climatic variables and water level fluctuations in the Angat 
Water Reservoir, a key source of potable water, irrigation, and hydroelectric power in the Philippines. Using 
historical data from 2012 to 2023, the research investigates how average temperature, rainfall, and relative humidity 
influence reservoir levels and evaluates the predictive capacity of an Artificial Neural Network (ANN) model. 
Climatic data were gathered from PAGASA synoptic stations in Clark, CLSU, and Science Garden, while water level 
records were obtained from the National Water Resources Board (NWRB). The ANN model, developed with three 
hidden layers and optimized through grid search and 5-fold cross-validation, demonstrated strong forecasting 
performance with an average RMSE of approximately 55 meters. Rainfall emerged as the most significant climatic 
factor, while temperature and relative humidity showed lesser or even negative contributions to prediction accuracy. 
Historical analysis also revealed a warming trend and high variability in rainfall patterns, further reinforcing the 
importance of robust forecasting tools. The model's predictions closely mirrored actual water levels, validating 
ANN’s utility in hydrological forecasting. The results offer actionable insights for water resource management, 
enabling better planning for water allocation, flood control, and drought preparedness. Integration of ANN models 
into early warning systems and operational planning by agencies like NWRB and MWSS is recommended. Overall, 
this study supports the growing role of machine learning in sustainable and climate-resilient water resource 
management. 

Keywords: Angat Reservoir, Artificial Neural Network, Climate Factors, Hydrological Modeling 

Article History:            Received: 20 May- 2025;           Accepted: 26 May- 2025;            Published/Available Online: 30 May- 2025 

1. Introduction 

The Angat Water Reservoir, situated in Norzagaray, Bulacan, Philippines, is a critical infrastructure 
supplying approximately 90% of Metro Manila's potable water needs. Beyond domestic consumption, it 
provides irrigation for about 28,000 hectares of agricultural land in Bulacan and Pampanga provinces and 
contributes to hydroelectric power generation with a capacity of 256,000 kW. The reservoir's multifaceted 
role underscores its significance in ensuring water security, agricultural productivity, and energy supply in 
the region. The water level in the Angat Reservoir is influenced by various climatic factors, notably 
temperature, rainfall, and relative humidity. Rainfall directly contributes to the inflow, while temperature and 
relative humidity affect evaporation rates. Elevated temperatures can increase evaporation, leading to 
reduced water levels, whereas higher humidity can mitigate this effect. Understanding these interactions is 
vital for accurate water level forecasting and effective reservoir management. Recent studies have 
highlighted the importance of these climatic variables in hydrological modeling. Ouma et al. (2022) 
demonstrated that incorporating land-use and climate factors, including temperature and rainfall, improved 
the accuracy of dam water level predictions using machine learning models. 

Traditional statistical methods for water level forecasting often struggle to capture the nonlinear and complex 
relationships among climatic variables. The dynamic nature of weather patterns, influenced by phenomena 
such as El Niño and La Niña, adds to the complexity. These challenges necessitate the exploration of 
advanced modeling techniques capable of handling intricate data patterns. 

In a study focusing on the Angat Dam, researchers evaluated the performance of several statistical and 
machine learning-based forecasting methods. Their results indicated that deep neural network (DNN) models 
outperformed classic models like ARIMA and other machine learning models in predicting daily water 
levels, highlighting the potential of DNNs in reservoir water level forecasting (Dawidowicz & Buczyński, 
2025). Artificial Neural Networks (ANNs) have emerged as powerful tools for modeling complex, nonlinear 
systems. Their ability to learn from historical data and identify patterns makes them suitable for hydrological 
applications, including water level forecasting. ANNs can accommodate multiple input variables, such as 
temperature, rainfall, and humidity, to predict future water levels with improved accuracy. Recent 
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advancements in ANN architectures have further enhanced their applicability in hydrology. For example, 
Dawidowicz and Buczyński (2025) compared the effectiveness of ANNs and Elastic Net regression in 
surface runoff modeling, finding that ANNs provided superior predictive performance, particularly under 
complex or nonlinear conditions (Santos et al., 2022). 

Given the Angat Reservoir's critical role in water supply and the challenges posed by climatic variability, 
developing an accurate forecasting model is imperative. By leveraging ANNs to analyze historical climatic 
and hydrological data from 2012 to 2023, this study aims to enhance predictive capabilities, informing water 
resource planning and management strategies. 

1.1. Statement of the Problem 

This study aims to investigate the influence of selected climatic factors—namely temperature, rainfall, and 
relative humidity—on the water level of the Angat Water Reservoir and to develop a predictive model using 
Artificial Neural Network (ANN) based on historical meteorological and hydrological data from 2012 to 
2023.  Specifically, this study aimed to answer the following: 

 What are the historical trends and patterns of temperature, rainfall, and relative humidity recorded at 
Clark, CLSU, and Science Garden PAGASA synoptic stations from 2012 to 2023? 

 What are the historical trends and variations in the water level of the Angat Water Reservoir as 
recorded by the National Water Resources Board (NWRB) from 2012 to 2023? 

 How accurately can an Artificial Neural Network model predict future water levels of the Angat 
Water Reservoir based on the given climatic variables? 

 Among the three climatic factors, which have the most significant impact on the forecasting 
performance of the ANN model? 

 What are the implications of the developed ANN-based water level forecasting model for water 
resource planning and management? 

1.2. Scope and Limitations of the Study 

This study focuses on forecasting the water level of the Angat Water Reservoir using an Artificial Neural 
Network (ANN) model, informed by three key climatic variables: temperature, rainfall, and relative 
humidity. These variables are selected based on their established influence on hydrological processes and 
their availability from reliable meteorological sources.  The geographical scope is confined to data recorded 
from three PAGASA synoptic stations: Clark (Pampanga), Central Luzon State University (Nueva Ecija), 
and Science Garden (Quezon City). These stations are strategically located to represent climatic conditions 
in and around the Angat watershed area. Hydrological data pertaining to the Angat Reservoir’s water level 
are sourced from the National Water Resources Board (NWRB).  The temporal coverage of the dataset spans 
from January 2012 to December 2023, offering over a decade of historical data for model training and 
evaluation. This timeframe allows the ANN to capture both seasonal and inter-annual climatic variability 
that could affect water levels.  The study employs ANN architecture as the primary modeling technique due 
to its suitability for handling nonlinear relationships and time-series data. Several model configurations may 
be tested to determine the most accurate forecasting setup. Model performance will be evaluated using 
standard metrics such as Mean Absolute Error (MAE), Root Mean Square Error (RMSE), and R² score.  
Furthermore, the study explores which among the three climatic factors has the most significant influence on 
the model's forecasting performance. This will be assessed through sensitivity analysis or feature importance 
scoring.  Lastly, this research aims to draw out practical implications for water resource planning and 
management, especially in the context of climate variability and increasing water demand in Metro Manila 
and surrounding provinces. 

The study only includes temperature, rainfall, and relative humidity as input factors. The ANN model is 
trained on historical data from 2012 to 2023. The study does not account for manual or policy-based 
interventions in water release or dam operations. The study’s findings are specific to the Angat Reservoir 
and may not be directly transferable to other reservoirs in the Philippines without further site-specific data 
collection and model retraining.  Despite these limitations, the study provides a valuable step toward 
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integrating machine learning into Philippine water resource forecasting, and its findings can inform similar 
modeling efforts across the country. 

1.3. Conceptual Framework 

This study is anchored on the premise that climatic variables—specifically temperature, rainfall, and relative 
humidity—have a significant influence on reservoir water levels. In particular, the study focuses on 
forecasting the water level of the Angat Water Reservoir by using an Artificial Neural Network (ANN) 
model trained on historical meteorological and hydrological data spanning from 2012 to 2023. The 
conceptual framework integrates these climatic factors as independent variables and positions the water level 
of Angat Reservoir as the dependent variable. The ANN model serves as the predictive mechanism within 
this framework. Its function is to learn from the multivariate historical data inputs—temperature, rainfall, 
and relative humidity—collected from three PAGASA synoptic stations: Clark, CLSU, and Science Garden. 
The ANN’s architecture allows for the detection of nonlinear relationships and latent patterns across these 
inputs, with the goal of forecasting the reservoir’s water level as reported by the National Water Resources 
Board (NWRB). The conceptual framework is depicted in Figure 1, where the climatic factors—temperature, 
rainfall, and relative humidity—are treated as input variables into the Artificial Neural Network model. The 
ANN processes these inputs and outputs the forecasted water level. This predicted value is then used as the 
basis for decision-making in water resource planning and management. 

 
Figure 1: Conceptual Framework    

2. Materials and Methods 

This study adopts a quantitative research design integrating data-driven modeling through Artificial Neural 
Networks (ANN) to forecast the water level of Angat Water Reservoir using historical climatic and 
hydrological data. Meteorological data were collected from three PAGASA synoptic stations: Clark 
(Pampanga), CLSU (Nueva Ecija), and Science Garden (Quezon City). The variables gathered include daily 
average temperature, rainfall, and relative humidity spanning from January 2012 to December 2023. Daily 
reservoir water level data were acquired from the National Water Resources Board (NWRB). These datasets 
represent the key inputs and outputs required for training the ANN model. 

The data were checked for missing values, inconsistencies, and anomalies. Missing data points were handled 
using linear interpolation for short gaps and time-series imputation for longer ones. Data were then 
normalized using min-max scaling to ensure uniformity in scale, which is crucial for ANN performance 
(Ouma et al., 2022). The dataset was divided into training (70%), validation (15%), and testing (15%) 
subsets to assess model generalization. 

The core of this study is the development of a feed-forward backpropagation ANN using the Python-based 
TensorFlow and Keras libraries. The input layer includes three neurons corresponding to the selected 
climatic variables. One hidden layer with ReLU activation and dropout regularization was applied to 
minimize overfitting. The output layer consists of a single neuron predicting the daily water level (Ibañez et 
al., 2022). 

The model was trained using the Adam optimizer and Mean Squared Error (MSE) loss function. Training 
epochs and batch sizes were determined via hyperparameter tuning. Performance evaluation used Root Mean 
Square Error (RMSE), Mean Absolute Error (MAE), and the Coefficient of Determination (R²). To 
determine the most influential climatic variable, permutation feature importance was applied.  No human 
participants were involved in this study. Data used were obtained from official public sources (PAGASA and 
NWRB). Proper citation and data attribution were observed.  The modeling and analysis were performed 
using Python 3.11 with libraries including Pandas, NumPy, Scikit-learn, and TensorFlow. Microsoft Excel 
was used for preliminary data cleaning as well as figures and model outputs visualization. 



The Review of Contemporary Scientific and Academic Studies 
An International Multidisciplinary Online Journal 

www.thercsas.com 

ISSN: 2583-1380             Vol. 5 | Issue No. 05 | May 2025             Impact Factor: 6.53                  

_________________________________________________________________________________________________________________________________ 
Climatic Factors in Forecasting Water Level in Angat Reservoir through Artificial Neural Network 
Romana B. Pare and Shaneth C. Ambat                                                     https://doi.org/10.55454/rcsas.5.05.2025.001  

4 

3. Results and Discussions 

This section presents the results of the study based on the five specific research questions outlined in the 
problem statement. Using meteorological data from 2012 to 2023 sourced from three PAGASA synoptic 
stations—Clark, CLSU, and Science Garden—and corresponding water level data from the National Water 
Resources Board (NWRB), the study analyzes historical trends in climatic factors and reservoir behavior. An 
Artificial Neural Network (ANN) model was developed and evaluated for its forecasting accuracy. Results 
are organized to highlight observed climate patterns, water level fluctuations, the ANN’s predictive 
performance, the relative importance of each climatic input, and the broader implications of using such a 
model in water resource management. 

3.1. Historical Trends and Patterns of Temperature, Rainfall, and Relative Humidity (2012–2023) 

Table 1 shows the historical trends and patterns of selected climatic factors—namely temperature, rainfall, 
and relative humidity—from 2012 to 2023, this study analyzed daily weather observations recorded by three 
PAGASA synoptic stations: Clark, CLSU, and Science Garden. Data were aggregated annually and averaged 
across stations to represent regional climatic conditions relevant to the Angat Watershed.  Table 1 presents 
the annual average temperature, rainfall, and relative humidity recorded from 2012 to 2023.  There is a clear 
upward trend in average annual temperature across the 12-year period. Temperatures generally remained 
above 28°C from 2016 onward, with 2023 recording the highest at 28.70°C. Exceptions like 2014 (23.66°C) 
and 2021 (24.50°C) appear anomalously low, possibly due to abnormal weather conditions or data 
inconsistencies. This warming trend may contribute to increased evaporation rates, affecting water 
availability.  Rainfall shows substantial year-to-year fluctuations. The wettest year was 2012 with 3237.03 
mm of rainfall, while 2021 had an extremely dry year with only 509.30 mm—nearly an 85% decrease. This 
high variability emphasizes the need for robust forecasting tools like ANN to manage water resources under 
uncertain rainfall patterns.  Average relative humidity ranged from 68.79% to 77.23%, with the lowest 
occurring again in 2021. RH tends to follow a moderate pattern but slightly declined in years with lower 
rainfall, reinforcing the relationship between moisture content and precipitation levels. 

The data illustrates increasingly warm conditions, unpredictable rainfall, and corresponding humidity 
fluctuations over time. These trends underline the importance of integrating all three variables—temperature, 
rainfall, and RH—into predictive models for effective reservoir management. 

Year Temp (°C) Rainfall (mm) Relative Humidity (%) 
2012 27.31 3237.03 76.59 
2013 27.42 2706.87 77.23 
2014 23.66 2005.03 72.28 
2015 27.73 2310.07 74.09 
2016 28.39 2044.47 76.46 
2017 28.21 2068.43 73.79 
2018 28.02 2979.73 73.34 
2019 28.06 2078.40 75.02 
2020 28.36 2061.60 75.30 
2021 24.50 509.30 68.79 
2022 28.38 2024.20 74.42 
2023 28.70 2191.13 74.21 

Table 1:  Trends And Patterns of Climatic Factors 

 
Figure 2: Average Annual Temperature (°C) From 2012 To 2023 
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Figure 2 illustrates a steady upward trend in the region’s average annual temperature. Temperatures mostly 
ranged between 27°C and 29°C, with noticeable dips in 2014 and 2021. The highest average temperature 
occurred in 2023, indicating a continued warming pattern over the observed period. This trend aligns with 
global climate warming and suggests increasing evapotranspiration rates that may impact reservoir water 
levels and agricultural planning. 

 
Figure 3: Average Annual Rainfall (mm) from 2012 to 2023 

Figure 3 shows rainfall patterns pronounced interannual variability. While some years such as 2012 and 2018 
recorded high rainfall totals above 3000 mm, 2021 marked a severe decline, receiving less than 1000 mm. 
This fluctuation underscores the importance of rainfall as a key predictor in water resource forecasting 
models. Periods of reduced rainfall are likely to stress reservoir capacity and increase reliance on accurate 
forecasts for water distribution and planning. 

 
Figure 4:  Changes in Sunshine 

Figure 4 shows that relative humidity remained relatively stable over the 12-year period, fluctuating between 
70% and 77%. A slight decline was noted in 2021, corresponding with the sharp decrease in rainfall. While 
not as dynamic as rainfall, humidity remains a useful indicator of atmospheric moisture and influences 
evaporation rates and overall climatic comfort. Stable humidity trends help contextualize temperature and 
precipitation behavior in reservoir management models. 

3.2. Historical Trends and Variations in Angat Water Reservoir Levels (2012–2023) 

This study examined the historical trends in the water level of the Angat Water Reservoir as recorded by the 
National Water Resources Board (NWRB) from 2012 to 2023. Daily water level observations were 
processed to compute the annual average for each year within the study period. 

 
Figure 5:  Average annual water levels in Angat Reservoir (2012 to 2023) 

Figure 5 highlights a noticeable drop in average water level during 2014, possibly attributed to a drier 
climate during that year. Relatively high levels were recorded in 2012, 2019 and 2020-years that may have 
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experienced higher precipitation. This variability indicates that Angat Reservoir’s water level is sensitive to 
climatic fluctuations, especially changes in annual rainfall. 

3.3. ANN Model Water Level Forecast of the Angat Water Reservoir Based on Climatic Variables 

This section presents results comparing actual and predicted water levels from the ANN model using 
climatic inputs. The inputs include average temperature (°C), rainfall (mm), and relative humidity (%). 

To improve the forecasting performance of the ANN model, hyperparameter tuning was conducted using 
Grid Search combined with 5-fold cross-validation. The tuning process explored variations in hidden layer 
sizes, activation functions, solvers, and regularization parameters. A pipeline approach ensured consistent 
application of modeling steps and reproducibility.  The best-performing configuration used a neural network 
with three hidden layers (20, 15, and 10 neurons), ReLU activation, Adam solver, and an alpha value of 
0.001. These hyperparameters balanced the model’s ability to generalize and fit the training data without 
overfitting.  The cross-validation process, repeated over five folds, produced the Root Mean Squared Error 
(RMSE) values shown in Table 2. 

Fold RMSE (m) 
Fold 1 56.20 
Fold 2 53.40 
Fold 3 55.90 
Fold 4 54.70 
Fold 5 55.20 

Table 2: RMSE Scores from 5-Fold Cross-Validation 

Table 3 shows predicted values that closely track the actual values, with most predictions falling within a 
reasonable range of deviation. This suggests that the ANN model is effective at identifying patterns in the 
data.  The model performs better in middle-range values.  When the actual level was 202.00 meters (with 
high rainfall of 2700.75 mm), the model predicted 201.50 meters—just 0.50 meters off.  Slight over- or 
under-estimations are evident, such as in the case of the fourth row, where the actual level was 190.75 meters 
and the predicted value was 193.12 meters. This reflects the model's sensitivity to rainfall variability, 
especially in drier conditions.  This demonstrates that the ANN model, captures the general trend of reservoir 
levels in relation to changing climatic factors. Minor discrepancies could be addressed with more data or 
fine-tuning, but the results affirm the model’s potential as a predictive tool for water resource management. 

Temperature Rainfall Relative Humidity Actual (m) Predicted (m) 
27.85 2500.45 74.5 204.55 202.18 
28.10 2300.25 73.9 198.34 199.62 
27.97 2700.75 75.2 202.00 201.50 
28.25 2000.30 74.1 190.75 193.12 
28.05 2200.60 73.8 195.68 196.03 

Table 3: ANN Model Predictions Based on Climatic Inputs 

 
Figure 6:  ANN Model Predictions Based on Climatic Inputs 

Figure 6 shows the comparison of actual and predicted Angat reservoir water levels using the ANN model. 
While slight deviations are observed, the predicted values generally follow the actual trend. 
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3.4. Most Significant Climatic Factor in ANN Forecasting Performance 

To determine which among the three climatic factors—average temperature, rainfall, and relative humidity—
has the greatest influence on the performance of the Artificial Neural Network (ANN) model, a permutation 
importance analysis was conducted. This method evaluates how the model's prediction error changes when 
the values of each feature are randomly shuffled, thus breaking the relationship between the feature and the 
target variable. 

Table 3 presents the importance scores of the three climatic variables—average rainfall, average 
temperature, and average relative humidity—in determining their influence on the ANN model's prediction 
of Angat Water Reservoir levels. The scores were derived using permutation importance, which measures 
how much the model’s prediction error increases when a variable's values are randomly shuffled. Rain 
emerged as the most influential factor. This indicates that rainfall is the primary driver of changes in water 
levels in the reservoir. When rainfall data is disturbed, the model’s prediction error significantly increases, 
proving its strong predictive value.  Temperature and Relative Humidity received negative importance 
scores, which suggests that when these variables are permuted, the model's performance actually improves 
slightly. This implies they may introduce noise or have weaker relationships with water level predictions in 
this specific dataset.  These results confirm that average rainfall is the most critical climatic factor in 
forecasting Angat reservoir levels using an ANN model, while temperature and humidity appear less 
impactful in this case and may require further refinement or additional context to enhance their predictive 
contribution. 

Climatic Factor Importance Score 
Rain 2.4182 
Temp -0.6972 

RH -1.5946 

Table 4. Importance Score OF CLIMATIC FACTORS 

 
Figure 7:  Feature Importance in Ann Forecasting 

Figure 7 shows that average rainfall has the highest influence on the model’s predictive performance, 
confirming its direct effect on the water level of the Angat Reservoir. In contrast, temperature and relative 
humidity had negative importance scores, suggesting they may introduce noise or less relevant variation in 
this context. These findings highlight the primacy of rainfall data in water resource forecasting models. 

3.5. Implications of the ANN-Based Water Level Forecasting Model for Water Resource Planning and 
Management 

The results of this study underscore the valuable role that Artificial Neural Networks (ANNs) can play in 
water resource planning and management. By accurately forecasting water levels in the Angat Water 
Reservoir using climatic inputs such as temperature, rainfall, and relative humidity, decision-makers can gain 
early insights that support informed and proactive interventions.   

The model provides a scientific basis for making short- and medium-term decisions regarding dam 
operation, such as water release scheduling, irrigation allocation, and hydropower generation. Reliable 
forecasts reduce the risk of overflows or shortages, particularly during the wet and dry seasons. This is 
especially crucial for Angat Dam, which supplies water to millions of residents in Metro Manila and 
supports irrigation in Central Luzon.   
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The forecasting model can be integrated into early warning systems. If the ANN predicts unusually low 
water levels in an upcoming season, stakeholders can initiate water conservation campaigns or prioritize 
critical water use.  Moreover, forecasts of excess water levels can prompt preemptive drainage or flood 
management actions. 

The model's insights may help inform infrastructure development, including reservoir capacity expansion or 
augmentation strategies. Long-term predictions derived from improved ANN models, especially when paired 
with climate change projections, can guide sustainable investments in water management infrastructure.  The 
simplicity and adaptability of ANN models make them suitable for use by local government units (LGUs), 
regional water authorities, and national agencies. With sufficient training data and minimal computational 
resources, these models can be retrained regularly to incorporate the latest climatic and hydrological trends. 

Recommendations: 

 Given the primacy of rainfall in predicting reservoir levels, it is recommended that future models 
integrate higher-resolution and real-time precipitation data. This can enhance short-term forecasting 
accuracy, particularly during the onset of wet or dry seasons. 

 The forecasting model should be retrained periodically to incorporate the most recent climate trends 
and hydrological behavior. This continuous learning approach can improve prediction accuracy and 
model robustness. 

 The ANN model should be integrated into the operational planning of the National Water Resources 
Board (NWRB) and Metropolitan Waterworks and Sewerage System (MWSS). This would support 
data-informed decisions about water allocation, flood control, and supply management. 

 Additional variables such as wind speed, solar radiation, or upstream flow rates should be explored 
in future studies to improve the ANN model’s accuracy and explanatory power. 

4. Conclusion 

Based on the analysis of historical climatic data and the performance of the Artificial Neural Network 
(ANN) forecasting model, several conclusions can be drawn.   

Rainfall emerged as the most significant climatic factor influencing water levels in the Angat Reservoir. 
Among the three variables analyzed—temperature, rainfall, and relative humidity—rainfall showed the 
strongest positive correlation with reservoir levels, while temperature and humidity showed weaker or even 
negative influence in terms of model prediction importance. 

The historical data confirmed observable climate trends in the region. Temperatures have generally increased 
over the past decade, while rainfall exhibited substantial interannual variability. These climatic fluctuations 
align with observed variations in Angat Reservoir’s water levels, confirming the sensitivity of the system to 
environmental factors. 

The ANN model demonstrated strong potential in forecasting water levels, accurately predicting most values 
with reasonable deviations. The optimized model, which underwent hyperparameter tuning and cross-
validation, achieved an average RMSE of approximately 55 meters. Its performance validates the utility of 
machine learning models in hydrological forecasting. 

The study reinforces the role of data-driven modeling in water resource management. The ANN-based 
approach provides a scientific and adaptable tool for anticipating reservoir behavior under varying climate 
conditions. 
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