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ABSTRACT 

Evapotranspiration (ET) is an essential element in the hydrological cycle which 

at the same time plays an important role in ensuring the effectiveness of the water 

balance system. Generally, there are two methods in obtaining ET; direct measurement 

and empirical model. The main objective of this study was to formulate new empirical 

models to estimate ET for Peninsular Malaysia. The models were developed and 

validated based on the sixteen years of historical meteorological data obtained from 

Malaysia Meteorological Department. Using the Multiple Linear Regression (MLR) 

algorithm, simpler potential evapotranspiration (ETp) estimation models were 

developed for selected meteorological stations in Peninsular Malaysia. Furthermore, 

Particle Swarm Optimisation (PSO) was used to optimise the performance of 

developed models and these models were compared against ETp estimated by the Food 

and Agricultural Organization Penman-Monteith model. Four different measures of 

performance indicators were used to highlight its accuracy. The sensitivity analysis 

showed that air temperature, T and solar radiation, Rs were observed to significantly 

influenced ET under humid tropical climates such as Peninsular Malaysia. The 

proposed MLR models at all stations were able to maintain reliable and stable results 

with an average of 83%, 0.3%, 0.8% and 0.34 for the coefficient of determination (R2), 

mean bias error (MBE), percentage error (PE) and root mean square error (RMSE) 

respectively. The accuracy of optimized MLR-PSO models was improved with a 

minimum of 85%. The minimum accuracy of 85% indicates that the proposed MLR 

models are already reliable for ETp estimation. The proposed empirical models in this 

study have successfully contributed to the development of ETp estimation models that 

is more site-specific and tailored to the Peninsular Malaysia climate due to the easy to 

obtain and availability of meteorological data such as air temperature and solar 

radiation. 
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ABSTRAK 

Evapotranspirasi (ET) merupakan elemen penting dalam kitaran hidrologi 

yang pada masa yang sama memainkan peranan penting dalam memastikan 

keberkesanan sistem imbangan air. Secara amnya, terdapat dua kaedah dalam 

mendapatkan ET; pengukuran langsung dan model empirikal. Justeru, objektif utama 

kajian ini adalah untuk merumus model empirikal baharu untuk menganggar ET bagi 

Semenanjung Malaysia. Model tersebut dibangunkan dan disahkan berdasarkan data 

meteorologi selama enam belas tahun yang diperoleh daripada Jabatan Meteorologi 

Malaysia. Dengan menggunakan algoritma Multiple Linear Regression (MLR) model 

anggaran evapotranspirasi potensial (ETp) yang lebih ringkas telah dibangunkan untuk 

stesen meteorologi terpilih di Semenanjung Malaysia. Kemudian, Particle Swarm 

Optimization (PSO) digunakan untuk mengoptimumkan prestasi model yang 

dibangunkan dan model ini dibandingkan dengan ETp yang dianggarkan oleh model 

Food and Agricultural Organization Penman-Monteith. Empat ukuran penunjuk 

prestasi yang berbeza digunakan untuk menyerlahkan ketepatannya. Analisis 

sensitiviti menunjukkan bahawa suhu udara, T dan sinaran suria, Rs memberi pengaruh 

yang signifikan terhadap ET di bawah iklim tropika lembap seperti Semenanjung 

Malaysia. Model MLR yang dicadangkan di semua stesen mampu mengekalkan 

keputusan yang boleh dipercayai dan stabil dengan purata 83%, 0.3%, 0.8% dan 0.34 

masing-masing untuk coefficient of determination (R2), mean bias error (MBE), 

percentage error (PE) dan root mean square error (RMSE). Ketepatan model MLR-

PSO yang dioptimumkan semuanya dipertingkatkan dengan minimum 85%. Fakta 

bahawa ketepatan telah bertambah baik dengan minimum 85% menunjukkan bahawa 

model MLR yang dicadangkan sudah boleh dipercayai untuk aplikasi anggaran ETp. 

Model empirikal yang dicadangkan dalam kajian ini telah berjaya menyumbang 

kepada pembangunan model anggaran ETp yang lebih spesifik tapak dan disesuaikan 

dengan iklim Semenanjung Malaysia kerana data suhu iklim dan sinaran suria yang 

mudah didapati dan tersedia. 
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CHAPTER 1  

 

 

INTRODUCTION 

1.1 Introduction 

Hydrology is one of Earth Science and civil engineering study that is easily be 

forgotten. Water cycle or hydrological cycle study is a root in tackling water crisis 

issue. With only 3% of freshwater available in this planet, dare to say that water is 

important and yet taken for granted. The importance of hydrology assessment 

especially for water cycle can be clearly seen lately as the world is perplexed with the 

arise of ‘water scarcity’, ‘water rationing’ and ‘blue gold’ issues and it is a never 

ending issue. Today’s world population has reached 7.7 billion and has increased 1.8% 

since 1950 (Daily, Dasgupta, Bolin, et al., 1998).As in 2018, population in Malaysia 

has reached 32.6millions according to Department of Statistics Malaysia and received 

approximately 2000mm to 4000mm precipitation annually yet facing water crisis.  On 

average, Malaysian consume 201litres per person per day according to National Water 

Service Commision (SPAN), which is 36 litres higher than recommended by World 

Health Organization (WHO) (Bernama, 2020). 

The issue of water scarcity in Malaysia surprisingly has spike the attention not 

only by the government but also among hydrologists. Water scarcity leads to the water 

rationing and in 2014, Selangor faced the worst water rationing event that affected 

300,000 households of the state (The Star, 2014). Seven out of eight dams in Selangor 

has gone dry due to El Nino from December 2013 till February 2014. Consider this is 

as a wake-up call for researchers in all aspects; economics, water resources, 

environmental, ecologists and even in social and health field since 29 death cases were 

reported during the dry spell. 
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In designing and managing water resources, knowledge on magnitude and 

variation of evapotranspiration (ET) is required. ET is one of the process in 

hydrological cycle is defined as the combination of water evaporates to the air and 

transpiration from plants.  The accurate estimation of ET helps in irrigation design 

(Tegos, Malamos, and Koutsoyiannis, 2015; Wang, and Dickinson, 2012) and 

scheduling as well as domestic water resources management (Jovic, Nedeljkovic, 

Golubovic, et al., 2018; Ortega-Farias, Irmak, and Cuenca, 2009). As study done by 

(Inman-Bamber, and Smith, 2005) found that the irrigation of sugarcane crop can be 

classified into three phase; (1) early canopy development, (2) late canopy development 

and stalk elongation and (3) maturing phase. More water is required during later 

canopy development rather than early development and less water is required during 

maturing phase. This study is one of the examples of the necessity knowing ET in 

order to optimize the crop production.  

 The study on ET has undergone since 1802 where Dalton discovered way to 

calculate combination of water losses by transpiration of plants and evaporation of 

Earth’s land to the atmosphere. The urgency to study ET has gradually increases with 

the increasing of public awareness of climate change that alters water resources in 

conjunction with domestic water demand. ET study mainly focuses on obtaining the 

accurate of its qualitative result for further analysis such climate change and watershed 

resources management. ET data is required not only for water balance model but also 

used in land surface energy balance model. Numerous methods have been proposed 

for ET estimation since actual measurement of ET; lysimeter consumes time, cost and 

laborious. Alternative methods are preferable like scintillometers, bowen ratio energy 

balance, eddy covariance flux partitioning and most favourite method is the empirical 

method. 

Till dates there are more than 50 ET empirical models and most of them 

procreate based on calibration from pioneer empirical models; Penman (1948), 

Hargreaves and Samani, (1985), Makkink (1957), Turc (1961), and Jensen and Haise 

(1963). These models were derived from various climate regions and the 

coefficient/parameters needs calibration before it can be used at selected study region. 
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Meteorological data has been taken as the main input in obtaining estimation of ET 

based on empirical models.  

1.2 Problem Background 

In previous literature, the importance of ET are constantly mentioned and 

various study related with ET can easily be found especially related to the application 

of ET estimation models. Although the Food and Agricultural Penman-Monteith 56 

(Allen, Pereira, Raes, et al., 1998) (herein after FAO-PM) model has been decided as 

the most accurate ET estimation model, this model is not applicable at data scarce 

region like Malaysia. Although meteorological data can be purchase from the Malaysia 

Meteorology Department (MMD), the data are often incomplete and sometimes the 

parameter needed is not measured such as evaporation. This situation can be cause the 

model to work improperly. As mentioned by (Paparrizos, Maris, and Matzarakis, 

2016), each of the estimation models developed for specific climatic regions and hence 

to ensure satisfactory result, few models needs to be testified before they can be used 

at own region.  

Annually in Malaysia, water rationing has become a normal routine for citizen 

in west coast of Peninsular Malaysia. Consider the urge in need of better model to 

estimate ET for future development of water balance system in managing domestic 

water demand, Malaysia needs to have ET estimation model that is more site specific 

that applies influential parameter affecting ET.  

To author’s knowledge, studies on reservoirs management system, water 

resources management prior to solve problems on water scarcity in Malaysia exceed 

adequate level. As part of the hydrology study branch, ET is not the first choice for 

young researchers and ET study in Malaysia is still distressing. The importance of ET 

in water balance system is undeniable and known by all. The accuracy of FAO-PM 

model in estimating ET is also undeniable but it is also known as data demanding 

model which for certain region, this model is not applicable. With that, how is the ET 

been estimated? Other simpler empirical model such as Hargreaves, Makkink, Turc 
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and Priestley-Taylor can also be used after calibration. This creates a non-uniform 

application of ET estimation model for Peninsular Malaysia. 

The urge to contribute ET literature review and provides better, more 

applicable ET estimation model for Peninsular Malaysia driven the execution of this 

study. The statistical analysis of ET corresponds to meteorological parameters, 

development of empirical model and comprehensive ET review is done in this study. 

1.3 Objectives of the study 

The principal objectives of this study is to derive a simpler empirical model 

that is more realistic, site specific and practical implementation under Peninsular 

Malaysia climate. The specific objectives of this study are outlined as follows; 

1. To examine the essential meteorological parameters in affecting ET by using 

sensitivity analysis 

2. To evaluate the performance of empirical models for estimating ET in 

Peninsular Malaysia 

3. To design simpler empirical models for the application in Peninsular Malaysia 

by Multiple Linear Regression (MLR) and optimized by using Particle Swarm 

Optimization (PSO). 

 

1.4 Scope of Study 

The scope of this study is focused on the development of optimal simpler 

empirical model that can be used under Malaysia climate by using historical data 

gathered from 17 meteorological stations around Peninsular Malaysia. Therefore, 
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several scope and limitation were needed to justify clearly before commencing the 

analysis. 

Stage 1: Perform pre-processing data by screening outliers in the data by 

using Boxplot method and Expected Maximization (EM) for 

data imputation.  

Stage 2:  Calculate the daily ET by using FAO-PM that later be taken as 

benchmark data as the actual ET data is not available for 

Malaysia region. Although the evaporation data is computed, 

the evaporation data may not be sufficient to be use in this study.  

Stage 3: Identify the most prominent data affecting ET in Malaysia by 

performing data correlation and sensitivity analysis.  

Stage 4: Development of simpler empirical model by using MLR and 

number of inputs based on Stage 3.  

Stage 5: Optimized the empirical models obtained using PSO algorithm. 

This includes the development of PSO program using C 

language software.  

Lastly, after obtaining the optimized empirical model, the performance of 

developed model and existing ET models were compared against the FAO-PM model 

to ensure the accuracy of the performance.  

1.5 Significant of Study 

A simpler reliable more site specific ET estimation model produced through 

this study will be beneficial for both academicians and consultancies. The issue in 

estimating ET for water balance management system can be properly overcome the 
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water scarcity issue. This study not only gives contribution in fundamental literature 

review of ET study in Malaysia but also can be referred as part of supplementary study 

for future development of ET models, sustainable reservoir storage management and 

water balance system. 

1.6 Structure of Thesis 

This thesis comprises of five chapters. Chapter 1 (Introduction), Chapter 2 

(Literature Review), Chapter 3 (Research Methodology), Chapter 4 (Results and 

Discussion), Chapter 5 (Conclusion and Recommendation). 

Chapter 1 contains of 5 essential elements comprise of the overview of the 

study, statement problem, objectives of study, scope and significant of this study.  

Chapter 2 presented the previous literature review. This is an important element 

in classifying the originality of the study that need to be conducted. Few aspect where 

stressed in this chapter includes comprehensive explanation of ET includes the 

application of ET estimation empirical models and the overview application of PSO 

contributing in enhancing ET estimation models. 

Chapter 3 explained in details the methodology used to execute this study. This 

includes a brief explanation on the data exploration such as outlier detection and data 

imputation, algorithm used for both MLR and PSO. Sensitivity analysis methodology 

also described in this chapter.  

Chapter 4 explained and interpreted all the results obtained from this study as 

according to the objectives sequence. Finally, Chapter 5 provides the summary 

includes the conclusion of this study. Recommendations for future development are 

also listed in this chapter. 
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