CLIMATE CHANGE ASSESSMENT ON DROUGHT IN SABAH &
SARAWAK

NAH KIAN KOK

A project report submitted in partial fulfilment of the
requirements for the award of Bachelorof Engineering

(Honours) Civil Engineering

Lee Kong ChianFaculty of Engineeringand Science

Universiti Tunku Abdul Rahman

September2020



DECLARATION

| hereby declare that this project report is based on my originél exzept for
citations and quotations which have been duly acknowledged. | also declare
that it has not been previously and concurrently submitted for any other degree

or award at UTAR or other institutions.

Signature
Name : NAH KIAN KOK
ID No. : 1505322

Date . 5/92020




APPROVAL FOR SUBMISSION

| certify that this project report entitlediCLIMATE CHANGE
ASSESSMENT ON DROUGHT IN SABAH & SARAWAK 0 was prepared
by NAH KIAN KOK has met the required standard for submissiopartial
fulfilment of the requirements for the award of Bachetdr Engineering

(Honours) Civil Engineeringt UniversitiTunku Abdul Rahman.

Approved by,

Signature ; /JQN‘A/)/

. /J
Supervisor : Ir Dr Huang Yuk Feng
Date ; 9/9/2020

Signature

Co-Supervisor

Date




The copyright of this report belongs to the author under the terms of the
copyright Act 1987 as qualified by Intellectual Property PolicyJafversity
Tunku Abdul Rahman. Due acknowledgement shall always be madlde o$e
of any material contained in, or derived from, this report.

© 2020, Nah Kian Kok. All right reserved.



ACKNOWLEDGEMENTS

| would like to thank everyone who had contributed to the successful
completion of this project. | would like to express sigceregratitude to Lee
Kong Chian Faculty of Engineering & Science of University Tunku Abdul
Rahman (UTAR) whdvadprovided an opportunity for me to complete my study

for a degreén Bachelor of Engineering (Honours) Civil Engineering.

| would like tomy express mgppreciations angratitude to my reearch
supervisor,Ir. Dr Huang Yuk Fendor his invaluable advice, guidance and
especiallyhis enormous patience throughout theedepment of the research.
In addition,l would like to thankny senior, Mr Fung Kit Fai who had provided

help and assistance with patience throughout the whole project.

Furthermore, | would like to thanBepartment of Irrigation and
Drainage (DID)for providing theall-important precipitationdata which it
would be virtuallyimpossible tocomplete my research successfully. Last but
not least, | would like to thank my families and friefadisall their support and

encouragement throughout my university studies.



ABSTRACT

Drought is one of theostliestnatural disastarthathad beertroubling human
beings for untold years. There are 4 categories of drought such tiaes
agricultural, meteorological, socioeconomic atie hydrological droughtA
drought monitoring system habdeen introduced to monitor the drought
characteristics in Sabah and SarawBke Standardized Precipitation Index
(SP) is being studied tanvestigate the drought characteristics in Sabah and
Sarawak.The SPI is the only indicator that has been seleateithis research
due to thefull data unavailability. Precipitation data for 193817 (30years)
wereacquiredfrom Department of Irrigation and Drainage (DID). Sirnlere
were missing data, the four quadrant IDW method a@plied for data repaig

to get a complete data set, with the aidtloé QGIS software.The SPI at
timesales of 1, 3- and 6months hadbeen utilised to determine the spatial
distribution of drought characteristics, including Droughteduency(DF),
Mean Drought Dration (MDD), Mean Drought Sverity (MDS), Mean
Drought htensity(MDI) and Mean Drought Peak (MDPThetemporaland
spatial variation of drought characteristics regions of Sabah and Sarawak
wereobtained and discusselthe droughtsould becategorise@smild drought,
moderate drought, severe drought aadreme drought. The SR| SP+3 and
SH-6 all showedmultiple results of drought characteristi€sr the temporal
variation,the lowest, peak and the flow of drought occurrence in six<ub
periodswere examinedh the research. In this studfe subperiods of 1993
1997 and 200&012 hadthe most occurrence of drought, wher¢as sub
period 20032007was withthe lowesincidence ofdrought occurrenc&patial
variation wa applied to analyse all the 9 regiam&ast Malaysia. For instance,
the region®or areaghat have shown relatively higher drought occurrence have
beenrecordedIn this studythe Central (Region 3) and Eastern (Region 1) part
of East Malaysia have constanilging facing thenost droughbccurrenceThe
results from the spatial and temporal variatiase alsdinked to the factors

of El Nifio events and mountaias topography of East Malaysia to investigate

the cost effect relationship.
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CHAPTER 1

INTRODUCTION

1.1 General Introduction
Drought implicates an environmental, climatic, social, economic and political
consequences where the water availability and demandsgférent usesn the
region for specific duration. Criteria of drought characteristics include rainfall
amounts, soil misture, agriculture productivity, reservoirs level, streamflow
and so on. Basically, a drought happens when there is lack of moisture
availability due to lower volumefarainfall. According to World Disasters
Report (1994), it is known that without conerthg civil strife, droughts have
caused more social damage than any other natural enataral catastrophe
during modern history. It is known that the drought alone has led to half of this
out of the overall death toll resulting from natural disast8igch findings
require thorough understanding on the existence of droughts. Drought is
therefore the most significant threat to humanity, the climate and the economy.
Drought can be categorized into 4 categories, which are meteorological,
agricultural, hydological and socioeconomic drougHtor meteorological
drought it can be termed as the averdagenormal dryness rate where it occurs
when the drought impacts are initiated from the dryness of a region. Agricultural
drought occurs when the dryness leada tlecrease in soil moisture, a lack of
rainfall, an increased disparity between actual and potential evapotranspiration
resulting in crop failure. A limitation of surface and subsurface water for
residential, irrigational, commercial and other activitiee to long periods of
decreased rainfall will lead to occurrence of hydrological drought. The
combined effects of all these three types of droughts on a region's socio
economic welbeing are termed "socieconomic drought.” In socieconomic
drought, pecipitation shortages are directly related to increasing food and
service prices, as well as supply reduction. The geographical scale of socio
economic drought may be in wide range of field such as meteorological,
agricultural or hydrological droughts, atiderefore it is difficult to reliably

measure its impacts.



Throughout the twentieth century a variety of indices were created for
guantification, monitoring, and analysis of drought. Drought indices were
introduced and function as identification dfought characteristic, in term of
frequency, duration, intensity and spatial extent. There are various d@fpe
drought indices which are useful to estimate the drought characteristics. As part
of this study, 3 types of drought indices are being studlieely ae Standanded
Precipitation Index (McKee, Doesken and Kleist, 1993)Standared
Precipitation Evapotranspiration Indé¥Xicente-Serrano, et al.2010) and
Palmer Drought Severity Index (Palmer, 1965). SPI is the most popular drought
monitoring index, and is recommended as the standard index by the World
Meteorological Organization (Tan, et al., 2015). The calculation requires only
precipitaton data. SPEI is a multivariate indéxat can clearly detect temporal
droughts variability to a greater degree than the SPI index. The calculation is
based on data which include precipitation and temperature. Thagfxgition
to describe the extent ofalght in a specific duration when a region's water
supply is consistently below average. The calculation is based on data which
include precipitation, temperature and available water confesatil.

Sabah and Sarawak are selected as the areas toikd stutis research.

The climate of Sabah and Sarawak is tropical, with little seasonal change.
Drought events had occurred in Sabah and Sarawak in the past 30 years. The
intensity and frequency of droughts have been rising statistically since the late
1960s. Two severe drought had occurred in in 38975 and 19682 in a
minimum period of 4 months are known at Sandakan, separated by a near
droughtfree 52year period. In the same region, the ecologically damaging
19821983 drought was not as long or sevas the drought happened in 1903

and 1915. For Sarawak, droughteat had always been a concdan the
Sarawakoés government . With the onset of
authorities are always on standby to trigger drought contingency plansen ca

of droughts occurring, especially along the coastal areas. As drought event had
always been a concern to the East Malaysia, it leads us to study the drought

characteristics in Sabah and Sarawak.



1.2 Importance of the Study

Drought is not just a physical tumal event, where it causes big impacts on
society which result from the interaction between a natural event and demands
towards water supply. There is less precipitation than expected result from
normal climate inconstancy. Drought risk can be explaased combination of

the frequency, intensity, and spatial extent of drought, where the degree to which
a population is vulnerable to drought effects. The degree of vulnerability of an
area depends on the region's environmental and social characterrgdigs, a
calculated by its ability to predict, resist and recover from drought. Drought has
enormous impacts on various sectors especially on environment, agriculture,
urban water supply and human health. For instance, the most significant agro
climatic condiions for the producer are the lack of humidity. Such effects create
the most issues associated with plants and animals, and it is challenging to deal
with. Therefore, drought indices play an important character in identifying the
drought characteristicurthermore, the research aids in characterizing drought
is important in evaluating past drought events and includes analysis of severity
versus impacts. This helps to better predict on the future drought events. The
study also stresses the need for earayrning of drought, thus enabling the
people to plan and prepare for contingency. For the management of emerging
crop losses, early detection of droughts is crucial to avoid or mitigate possible

related famines, coping with increased fire risk and so on.

1.3 Problem Statement

Shortage of water has always been a critical issue in Malaysia. Based on the
historical drought records, there are different scale of drought happened in the
country for the past decades. The drought events that occurred in the years 1983
and 1988 are two severe droughts that hit Malaysia in the recent history.
According to the Daily Express reports (2008), the drought in the year 1983 had
affected the people for 6 months, and the other drought occurred in the year
1998 in relation to ENS@®@vents. The drought of 1998 literally affected almost
two million residents in Kuala Lumpur ardfectdomestic water supply from

April to September 1998 (Shaaban and Sing, 2003).



As for Sabah, from January to April 1998, the state recorded less than
25 per cent of the normal rainfall (Shaaban and Sing, 2003). This practically cut
down on Sabah's water supply and affected most sectors of agriculture. By
referring toWada, et al. (2011}he stugt simulated monthly WSI fits well with
Malaysia's two worst drought events that happened in 1983 and 1998.
According to the official statement by Sabah government, the state receives
about 25003500 mm of rainfall annually. The pattern of the rainfallrehsition
is fully described, where a mean annual rainfall subjected to Sabah's geographic
location and topographic features is being studied from 1000 mm to over 3500
mm.

As for Sarawak, extreme droughts occurred in Sarawak in 1998 and
2014 because of tretrong EI Nino, which had strongly affected water supply
and irrigated agriculture. Depending on locality, Sarawak recorded an average
rainfall of around 330@600 mm per year. Humidity in lowlands ranging from
80% - 90% is consistently high. In additioaccording to the study by Aziz
(2014), it is known that the decrease in monthly river runoff and drought
changes in river basins, such as Limbang and Sadong in Sarawak, Padas and
Kinabatangan in Sabah, will literally impact future water supplies.

Findings from this research would be useful for planning and
formulating drought strategies to alleviate and reduce the harmful effects of

drought.

1.4 Aim and Objectives

This study aims to investigate the Sabah and Sarawak climate change
assessment on drought. Thmsf theresearch to achieve the goal are:

(i) To evaluate the difference between Standardized Precipitation Indexa{SPI)
multiple timescalen drought monitoring system in Sabah and Sarawak.

(i) To analyze drought characteristics in region of SabahSarawak with the

aid of spatial and temporal analysis.

15 Scope and Limitation of the $udy
The study area of the research is in East Malaysia, which consthts sthtes
of Sabah and Sarawak. The Standaed Precipitation Index (SPIMcKee,



Doesken and Kleist, 1993)Standarized Precipitation Evapotranspiration
Index (SPEIVicenteSerrano, et al., 201@nd Palmer Drought Severity Index
(PDSI; Palmer, 1965yere usedn the research. The calculation of SPI sva
based on precipitation data onlyhereas the calculation of SPEIsMaagd on
precipitation and temperature dasand the calculatioof PDSI wa based on
precipitation, temperature and soivadlable water content (AWCYHata.
Unfortunatelytemperature and AWC data are be#ny limited or unavailable
for EastMalaysia. Hence only the SPI was chosen anithis is one of the
limitationsfacedduring the research. Besides, the availabilitiubfsets ofraw
data is also the limitation for this study. Measuremehimeteorological and
hydrological data in Malaysia is mostly doby grounebased observatioras
well as remotely controlled retrieval herefore,regardingthe topography,
remoteness of areas, the dense vegetatienewill be chances that error may
be occurred during the maaement, despite all the good planniagd

intentions.

1.6 Contribution of the Study

Drought events had brought a huggactto our country in different aspects
such as economy, social, environment and so on. By studying different types of
drought indices, itllowsthe researchers to utilize the function and advantages
of different drought indices, especially in region of Sabah and Sarawak. An
early detection of drought allows citizens in the specific area to plan and
minimize their loss caused by drought eventse Tgroblem of having
insufficient water supply and continuously rising demand for water during
drought event will definitely bring inconvenient to the citizens. By
understanding the period of drought events, the water management company
can constrain the tal volume of water supply and evenly supply the water to
each household. If a proper integrated water management has been adopted, the
non-conventional water resources can be used. Furthermore, field crops can be
conserved. For instance, use of salinlerackish water can be used for irrigating
field crops. At this point, it is debatable that the research contributes in

formulating quick responses to battle water crisis disaster.



1.7 Outline of the Report
The content of each chapter is described as below:

Chapter 1 is the General Introduction of drought and study area in Sabah
and Sarawak Malaysia, importance of study, scope and limitation of study,

problem statement, aim and objective of study and contribution of study.

Chapter 2 is the Literature Revigart. It is about review of the different
type of drought indices which might be useful in monitoring the drought
characteristics in Sabah and Sarawak. The review is basically in the drought
indices, drought characteristic and spatial and temporal asmaygrought.
Climate change scenario is beistydied to further understanbde effects of
climate change towards the future economic, social, technological, and

environmental conditions.

Chapter 3 shosthe methodology of the study. It contathe workflow
of this study and methadised to obtain the datdainfall data that are obtained
from Department of Irrigation and Draina@@ID) have been utilized inFS-1,
SPI3 and SRbB. Drought baracteristics (Drought Frequency, Mean Drought
Duration, MearDrought Intensity, Mean Drought Severibgean Drought Peak)
and Drought ategories (Mild Drought, Moderate Drought, Severe Drought,
Extreme Drought) are generated. Temporal and Spatial analysis are carried out

for further studies.

Chapter 4 covers the Rdts andDiscussion. The results are presented
and further discussed in this chapteesults fromthe Temporal and Spatial
analyseswverelinked to the El Nifio evens and mountainous topography for

further discussion.

Chapter 5 shows the Conclusions @dcommendations for future

continuing works.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Chapter 2 provides an illustration on the categories of drought, drought indices
and spatial and temporal analysis in order to habetser understanding on
droughtcharacteristics. Droughts are one of tostliestnatural disasters over

the years with severe and widespread impacts. Future demand for water
supplies to feed the world's increasing population would increase. Drought
represents a potentially devastgtihreat to water supply, agriculture and food
production leading to drought and destruction of the environment. However, it
is challenging to estimate the onset, extent and end of a drought due to the
extreme spatiotemporal variability and complex phygicacess. Thus, various
indices of drought were developed for quantification, monitoring and analysis
of drought. Spatial and temporal droughts analysis are important in the study of

drought variations and their distribution.

2.2 Type of Drought

A drought is a time range when an area experiences-nodel precipitation.
Drought is a regular, natural phenomenon that occurs at several time scales and
affects large areas and altéds of the hydrological cycl@eters, et al., 2006)
When the precipitation is abnormal, it will cause reduction of groundwater and
soil moisturedecreased stream flow, crop damage and a general water shortage.
Drought is different with hurricanes, tornadoes, and thunderstorms, where it is
often hard to estimate the period of drought. The beginning and end of a drought
is hard to be identified asmay take long periods to identify that a drought has
begun. Duration of drought cannot be estimated, which may last for weeks,
months, or even years. As the duration of drought getting longer, the greater the
harmful effects it will bring to the envirorent, society, economics and so on.
Droughts affects the society in many different ways. Availability of clean
drinking water is basic needs for living creatures, and water sources may be

affected during droughts. Without presence of water, it brings ircoent to



the society, where people have to obtain clean water from elsewhere to survive.
Water is also required for harvests to grow. When the precipitation is
insufficient to fall naturally to the crops, they have to be watered by irrigation.
During drowght, these water sources such as rivers, lakes, groundwater are
limited and may even dry up, which act as a huge problem to the people.
According toWilhite and Glantz (1985}here are 4 types ofalight, including
meteorological, agriculturahydrologcal and socieeconomic drought. Tise

types of drought may vary due to its own perspectives

2.2.1 Meteorological Drought

Meteorological drought is considered as the basis of the degree of dryness and
the duration of the dry period. The behaviour of atmospheric conditions is
important in defining meteorological drought due to the variation of atneosph
from region to region. Precipitation and humidity are the variables that are
commonly used as thaput parameters to analydee meteorological drought
(Yao, et al., 2018 However, meteorological drought will prompt different sorts

of drought and includes extensive areas, where the shortage of precipitation
could lead to the extent of lack of water supply failure and moisture content in

ground soil.

2.2.2  Agricultural Drought

Agricultural drought happens when water demand of crop is not satisfied or the
soil moisture is under minimum requirement farap(Zhao, et al., 2017)tis

the relationship between climatic conditions and some other factors such as
increased water use, laide variability or low wateuse capacity. It would
literally affect the major decline in the quality and quantity of agricultural
products. Agricultual drought may be considered to be anything greater than
climatic drought, as the former could happen due to many besides
environmental conditions. Therare some linkage between features of
agricultural drought and meteorological drought which relatagiecultural
impads, shortages of precipitatipuleficits in surface water and decreased

amounts of groundwater or reservoir. When available water supplies are unable



to satisfy demand of crops at specific time, agricultural drought may happen.

This will lead to damages to crop and subsequently reduction of crop yield.

2.2.3 Hydrological Drought

Hydrological drought is explained as a deficient of water in the hydrological
system, which shows itself in low stream flow in rivers, lakes, reservoirs and
groundwater Hydrological drought is linked to the effects of precipitation
periods on the water supply surface. The frequency and intensity of hydrological
drought is also described at a river basin or watershed scale. As a comparison to
meteorological and agriculial droughts, hydrological droughts is more
challenging to control. Hydrological system elements such as sogtume
groundwater oreservoir levels take longer period for precipitation deficiencies
to turn up. Water is the basic element used for nunseaind competing uses in
hydrological storage systems. During drought, water in the storage system might

be limited, thus competition between water users can be seen significantly.

2.2.4  Socioeconomic Drought

Socioeconomic drought is much related to meteoroidghydrological, and
agricultural drought elements, where it connects the supply and demand of
economic products. It varies from other forms of drought, where time and space
processes of supply and demanarnsimportant elemerid identify droughts.
Sodoeconomic dought takes into consideration the effect of drought conditions
on the supply and demand of some economic products. Socioeconomic drought
occurs when an economic good demanthuch more than its supply which

will lead to a weather related giege in water supply.

2.3 Drought Indices

Drought is one of the major natural causes of harm to agriculture, the economy
and the environment over the years. ldentification and classification of drought
are challenging due to different factors such agimgrnature, spatiotemporal
variability, dynamic physical processes and so on. A great deal of work has been
placed into developing methods for assessing and monitoring the drought.

Throughout the twentieth century, variety of indices were developed for
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guantification, monitoring, and analysis of drougkieyantash and Dracup,
2002) Drought indices are usually treated as a method to monitor changes in
conditions of drought. Drought indices were commonly created to capture the
physical characteristics of a drought, especially its frequencgtidn, intensity,
and spatial extent. Therefore, the development of drought indices can be
developed in several methods, which are single factor, combining multiple
variables or mixing drought indiceslany methodologies are used to measure
drought indice by wusing rainfall, air temperature, soil moisture,
evapotranspiration (ET), and flow. Different responses may be presented even
for the same area after the input data have been presented.

In order to understand the effects of drought on various comfmaén
the hydrological cycle, it is important to research the intensity of drought at
various timescales, often over the year. Short time scales can be linked to soil
water contenor river discharge, whereasedium time scales can be linked to
reservoir forage and medium river course, whereas longer time scales are
linked to differences in groundwater storage. Hence, various time scales in
different hydrological subsystems are useful for tracking drought conditions.
The I 3-month time scale enables shtetm precipitation shortfalls to be
analysed and sometimes called meteorological or climatological drought. The
moisture deficit over the agricultural season accounts-fopBth to6-month
timescale(VicenteSerrang et al., 2010) It is known that he & 12-months
timescale show a seasonal to medium term moisture reduction, whileithe 12
months to 24months timescaleshowsinformation on long term droughts.
However, due to limitations in the im@tors used, there are still strong
uncertainties and a lot of dispute about global drought patterns. For this purpose,
more efforts are required to put on for better outcomes of drought indices.

Drought indices that are commonly usedcludes $andardized
precipitation index (SPI), Standardized Precipitation Evapotranspiration Index
(SPEI) and Palmer Drought Severity Index (PDSI). There is currently no clear
index which can accurately analysing drought conditions for each area and each
time span Consequently, nature of droughts, the area of interest, the objective
and the data available to easberare the major elements for the selection of

drought indices. In addition, there is challenge in measuring drought in choosing
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the best indicators tdetermine drought conditions. There are a few examples
of drought indices which was successfully implemented, which are the SPI,
SPEI and PDSI.

2.3.1 Standardized Precipitation Index (SPI)

The Standardized Precipitation Index (StKee, Doesken and Kleist, 1993)

is an index based on losigrm precipitation probability which reflects either
abnormal wetness or dryness conditions. The SPIis commonly usgdntific
literature, and is recommended as the standard index by the World
Meteorological Organization (Tan, et al., 2015). To be useful for monitoring
and controlling various available water supplies, drought indices must be
correlated with a particutdime scale. SPI is widely accepted by the researchers
due to its flexibility in time and space. The SPI is eligible to measure
precipitation deycits for various ti
various timescale can be presented. Shorter tahesSPI is more likely to
detect shorteperiod drought while certain droughts may not be detected with
longer SPI time scale.

Standardized precipitation index (SPI) is able to statistically measures
drought conditions in certain regions only from an angf anomaly in
precipitation. The SPI allows the comparison of historical context in term of
different location and climate, in order to provide an optimal decision. The
outcomes for different areas may show simultaneously in excess or deficit result,
depending on different time scale. AccordingMcKee, Doesken and Kleist
(1993) SPI valuesan be classified as table below:

Table2.1: Classification of SPI values.

SPI value Class

2.0 or greater Extremely wet
1.50to 1.99 Very wet
1.00to 1.49 Moderately wet
-0.99 10 0.99 Near normal
-1.00 to-1.49 Moderately dry
-1.50 to-1.99 Severely dry

-2.0 or lesser Extremely dry
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The SPI was used to analyse the spatiotemporal patterns of drought
conditions in Huai River Basi(He, Ye and Yang, 2015)frhe 3month SPI
values were used for the wintepring, summer, and autumn seasonal pattern
analysis respectively. 4 different pattern of outcomes are shown during the four
seasons. The classification of drought condition for SPI was done based on the
research fromMcKee, Doesken and Kleist (1993W\hich consists of four
classes to classify a drought. A SPI value between G868 is classified as
mild drought; SPI value betweeii.00 and-1.49 is classifid as moderate
drought; SPI value betweeh.50 and-1.99 is classified as severe drought; and
SPI value less that?2.00 is classified as extreme drought. It is obserthat
negative trends outconmerecorded in spring and autumn, while positive trends
are recorded in the summer and winter. The results are almost same as the
research findings. However, there are slightly different patterns observed in
summer that are more obvious than in other sea3dwsprimary reason is the
upstream experienced different patterns of shifts in precipitation compared to
other Huai River Basin areas. As conclusion for this study, Huai River Basin
was vulnerable to both flooding antbdght during the study period.

2.3.1.1 Advantages of SPI

SPI's main advantage is that regional drought comparison is possible. SPI is an
effective method for identifying drought characteristics regardless of the regions.
The potential of the SPI as an instrument for monitoring hydrological comslit

and flood risk should be paid attention on, where integrating SPI is eligible to
be analysed into a regional climate risk management sySteiter, Hayes and
Bressan, 2002)Other advantages of SPI include time scale flexibility, spatial
structure stability, less requirements ofpum variables and calculation
simplicity. SPI is an effective tool to study the spatiotemporal pattern of dry and
wet conditions, due to its versatility in temporal scale and ability to represent
anomaly of precipitation. The SPI is calculated based amgwation only, thus

it is more sensitive to changes in precipitation than the SPEI. In addition, SPI is
accepted more generally because its calculation is simple and it has less input

requirements, where only precipitation data is needed.
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2.3.1.2 Limitations of SPI

As for disadvantages of SRhe severity of a drought occurrence is expressed

in relative terms only. In addition, only rainfall is included in the SPI index as
an input variable, whereas other related variables and meteorological parameters
are exalided in the evaluation process. This may due to reported increase in
temperature during the research period, where SPI does not include temperature
as its input variable. Furthermore, the sherm (Xmonth SPI) distribution
modelis variedto the empirial distribution as contrasted with the longerm
(Vicente Serrano, et al., 2010pPne of the reasars various zero precipitation
values are recorded in the SPI's short time scale; theréfere is a probability

that SPI estimation may lead to @ifént outcomes in dry climates.

2.3.2 Standardized Precipitation Evapotranspiration Index (SPEI)

SPEI is an ideal index to analyse the drought pattern which is suitable for
drought assessment and even water resource managemenmiivariate
index, the SPEI is able to precisely measure the temporal variation of droughts.
SPEI is an index that inqoorates more than one climatic variable that is
better suited to detect droughts than SPI index which is only a single climatic
variable. SPEI takes consideration of both precipitation and temperature.
Precipitation is the major element that cause tealpwariability of
droughts, which result in different outcomes. Other than that, rising
temperature will cause impact on the region's water stress as well, especially
during longer time scales.

In addition, the Standardized Precipitation Evapotranspirdtidex
(SPEI) defines the degree of variance of regional dry and wet conditions from
climate mean conditions. The water balance equation is required to be executed
in calculation steps for the evaluation of P&IcenteSerrano, et al., 2010M
positive SPEI values indicate wet spells while negative values indicating dry
spells. According toVicenteSerrano, et al. (2010)SPEI value can be

classified as table below:
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Table2.2: Classification of SPBElalues.

SPEI value Class

2.0 or greater Extremely wet
1.50to 1.99 Severely wet
1.00 to 1.49 Moderately wet
0.50 to 0.99 Slightly wet
-0.49 to 0.49 Near normal
-0.99 t0 0.50 Mild dry

-1.49 t0-1.00 Moderately dry
-1.99 to-1.50 Severely dry
-2.0 or lesser Extremely dry

As comparison to SPI, SPEI has a higher spatial coverage of the
susceptibility to drought than to SPI. By referring to the repoiMayg, et al.
(2015) the reasons may due to higher rate of evaporation caused by low rainfall
ard high temperature over a given period. These are the two main factors that
influence the drought's evolution, and are both included in the SPEI calculation.
Moreover,as a comparison t8PI, SPEI has substantially higher severity and
longer drought durathns. This may have been attributed to the rise in
temperature that contributed to higher water demand for Potential
Evapotranspiration (PET) and Real Evapotranspiration (AET), which directly
lengthen the frequency of drought at longer time scales.

Anotherresearch was done @hao, et al. (2017)an aalysis of both
SPEI and SE&PDSI for 48 month timescale was carried out to monitor drought
characteristics. The research was carried out in China. The SPH \&roous
results depends on diffamt timescale. SPE has showra result of most
drought peiods but with shortest duration, while the SP28] SPE+36 and
SPE}48 has showran opposite result of drought periods and duration. The
SPE}6 and SPEIL2 had achieved the lowest points in 2001, in a valug.af
and-2.0 respectively. June 2001 recedda small rise in SPH and SPE[L2
levels with 45.8mm rise in rainfall. Results showed that SEEbr longer
timescales had achieved almost the same result as the historical records.

Generally, longer timescale SPEIs andBQSI| were both effective itmacking
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and analysing medium and lotgrm drought. SPEI had fluctuated more on a
monthly basis when being applied for shorter timescale. For instance, in October
2009, the SPEL had captured the extreme drought, while SPErought
detection result wagenerally realistic, with a strong responsiveness to drought
initiation, alleviation and relief. The SPBI to SPEI24 may suggest the
initiation and development of drought but it was less effective. The-3# Kl
SPEH8 was least sensitive to droughitigation and thus, this index showed
that until December 2010, the area was experiencing moderate drought.

2.3.2.1 Advantages of SPEI

First of all, SPEI is eligible to determine the episode of drought severity clearly,
and ability to capture drougbharacteristicsAs a comparison to SPI, the effects

of evaporation and rainfall on droughts can be expressed By (SRente
Serrano, et al., 2010\vhereas the SPI can only consider the impact of rainfall
on drought. Besides, temperature factors in influencing drought evolutions was
demonstrated at Francistown Byakatonda, et al. (2018yith SPI shows a
positive result while SPEI shows a negative ones. It is proven that SPEI is more
effective in monitoring drought characteristics with the current global warming.
SPElI is suitable for lower timescale droughalgsis and will be an effective

tool which will benefit people around the world.is proven by the research
done byZhao, et al. (2017)where SPEI takes simultaneous precipitation and
evapotranspiration into consideration through its versatile time scale option. For
example, SPEB shows greater ecomes of the entire cycle from the initiation

of drought to elimination, best representing the initiation, aggravation and

elimination of droughts.

2.3.2.2 Limitations of SPEI

Thornthwaite algorithm was included together with SPEI in a reseaifahy,

et al. (2015)where the results only react to air temperature changes to enable
the evaporation. Besides, the calculation of potential evapotranspiration (PET)
is difficult due to the flexibility of surface temperature, air humiditsgter
vapor density, and so on. In the same research, onh3 SRl SPRE have
successfully tracked the end of drought in July, but SP&itd SPEbB did not
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detect the drought. That is how the SPEI acknowledges the impact on droughts
from both precipitabn and evaporation. Above are the limitations of SPEI that
had been studied during the research, further improvements need to be made in

order to enhance the function of SPEI.

2.3.3 Palmer Drought Severity Index (PDSI)

The Palmer Drought Severity Index (PD®#s commonly treated as a tool to
determine drought characteristics. It is more suited for estimating longer time
period droughts while this aspect has received little attention. The PDSI is
eligible to describe the extent of drought in a specific peribdnaa region is

lack in water supplyPDSI was developed based on the sugplgtkdemand
principle of water balance equation using precipitation and temperature for
calculating moisture distribution. PDSI has some limitations such as the strong
impact of tle calibration duration, its minimal utility in different regions and
problems of spatial comparability.

Thereforeyarious researchers have continually developed PDSI. Wells,
Goddard and Hayes (2004) introduced the-salibrating PDSI (SE€DSI) in
orderto improve spatial comparability of PDSI. SXDSI is more practical for
tracking extreme wet and dry events, where temperature is one of the ifactor
determining drought conditions under current global warming. It has been
shown that SEPDSI has effectiely tracled and measurk changes in river
runoff and groundwater level. A research was don&bgo, et al. (2017SG
PDSI was less responsive to shiatm drought and optimally associated with
SPEI9 to SPEI19. These two results indicate that theFQSI is eligible as
an index for midandlong-term drought monitoring and it is functional to track
changes in river runoff ad groundwater level. In order to determine the drought
characteristics by PDSI, data such as soil water holding capacity, variability of
precipitation and evapotranspiratiare necessary in the future study.

The PDSI allows wetness and dryness to be calculated on the basis of
the water balancequationwhich integrates precipitation, moisture availability,
runoff, and surfacéevel evaporation demand. According to PalmE966),

PDSI values an be classified as takdbelow.
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PDSI value

Class

4.0 or greater

Extremely wet

3.00 to 3.99 Severely wet

2.00 to 2.99 Moderately wet
1.00 t01.99 Mild wet

0.50 to 0.99 Incipient wet

0.49 t0-0.49 Normal

-0.50 t0-0.99 Incipient drought
-1.00 to-1.99 Mild drought

-2.00 to-2.99 Moderately drought
-3.00 t0-3.99 Severely drought
-4.0 to lesser Extremely drought

2.3.3.1 Advantages of PDSI

Both agriculture drought and meteorological drought can be assessed by PDSI
(Agwata, 2014) Besides, itis known that The PDSI demonstrates better
variation in crop production and natural vegetative behavior than th&'&l1.
application of PDSI is beneficial to wide range of people, including the internal
meteorologists, hydrologists, researchers and external policy decision makers,

foresters and all the publics.

2.3.3.2 Limitations of PDSI

The disadvantage of PDSI are its fixed time scale, which is between 9 and 12
months, and its autoregressive feature, where past circumstances up to four
years camaffect the index values of PD$Guttman, 1998)PDSI has some
issues about its fuion in tracking and analyzing the drought. The limitations

of PDSI on shorter timescale analysis had receivedalésstion and itauss
confusion of users on agriculturatgoluct. Furthermore, the PD$cks of
multiscalar character which is importdat drought evaluation and comparison

of drought.According to the studies byang, et al. (2015}he limitations of
sc¢PDSI had caused the indicator failed to estimate the drought in 1962/1963. It
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was assumed that runoff canrmccur when soil moisture exceeds the field

potential which makes it vary from the mechanism for producing runoffs.

2.4 Climate Change Scenario
Climate change is currently one of the main global iss@#sission of
greenhouse gas have significantly aféecthe weather trends and other
variables on the 20th centuflyleehl, et al., 2007)it is challenging to estimate
the future emissions of greenhouse gaseous and other variables, an indicator
which can determine the future scenarios will beful to benefit the economic,
social, environments and so on. Representative Concentration Pathways (RCPs),
has been introduced as the basis for both-tenm and Bortterm modeling
experimentgVuuren, et al., 2011)

By utilizing RCP scenarios, it allows researcher to determine the
magnitude of amiropogenic forcing, together with the climate change condition
by using different model representations. Positive greenhouse gasedus
negative aerosol forcing atke major factor of net forcing, #s/ forcing is
the dominant influence over the scepari As for laneuse scenarios, the
radiative forcing have less influence compared to greenhouse gaseous forcing,
even though deforestation and industrial sectors are the major factors of
0 U emissions. The major factor that affect atmospheric compositEd 0,
0 0,0 'Oand CFCs+TG. The four RCPs that can reflect the greenhouse gas
radiative forcing values are RCP2.6, RCP4.5, RCP6.0 and RCP8.5.

2.4.1 Representative Concentration Pathways 2.6
Represerdtive Concentration Pathways$ds the lowest ficing level scenario
(Vuuren, et al., 2011)it was introducedy the IMAGE modelling team from
PBL Netherlands Environmental Assessment Agency. Thecentration
pathway shows a scenamdich lead to low greenhouse gas emissions. Over
time, the emissions are substantially decreased in order toadesive forcing
rates.

The usage of renewables powers, carbon capture and storage, bioenergy
will help RCP2.6 in decreasin@ U emissions by considering energy

conservation. This decrease is moderately offset by a risa)imelated lanel
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use emissionsas opposed to the baseline due to land use for bioenergy
development. A significant assumption is that modern technology can be rapidly
applied and will definitely benefit people around the woBd:en the RCP2.6
scenarios emissions from industrial aresre decreased from 20 GtClyr to
marginally negative emissions relative to the baseline. The carbon absorption
by natural vegetation is also significantly decreased relative to baseline due to a
lower atmospheri@®d U concentration levelNon- 0 U gasesare strongly
reduced in RCP2.6 as well. It is known that most of the remaining greenhouse
gas emissions are n@nU gaseous. Further reductions in emissions are heavily
hinged on whether further reductions in emissions can be achieved here.
Emissions migation potential for many main sources of fipm gas emissions
is minimal. If nord 0 emissions can be decreased gradually, the target to
achieve low level of greenhouse gas can be considered as successful also.
Baseline trends play an important raleorder to achieve low radiative
forcing level, which relate to population growth and development pattern. The
rise in global population is expected to increase the baseline emission intensity.
The baseline is also predicting a rise in agricultural proguaduction. The
growing population would result in following trends such as rising demand for
meat and a global change. Besides, development of industry has brought some
impact to RCP 2.6. In the IMAGE model, emissions from industrial sources are
used toquantify increases in greenhouse gas and air pollutant concentrations.
According toVuuren, et al. (2010the development of industry has caused the
global mean temperature to rise about 4°C above preindustrial levels. In the
RCP2.6scenariossea level continues to rise through 2500 due to temperature
increase, given temperature recovery to 2@htury values. The thermostat
sea level increases are 19cn28xcm for RCP2.6 compared with the ocean level
in the year 2100 to the preindustrial (year 18%@ar 1860).

2.4.2 Representative Concentration Pathways 4.5

The Representative Concentration Pathway (RCP) 4.5 is @domgand global
greenhouse gas emission scenario that stabilizes radiative forcecat 4.5
(Thomson, et al., 2011 was introduced by the GCAM modelling team at the

Pacific Northwest National Laboratory in the United Staldse goal was to
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reduce emissions by using lower energy emission technologies, carbon capture
and storage, geological storage and so on. Although there are several alternate
approaches to obtain a degree of radiative forcing & 4.5, the RCP4.5
offers astandard basis to investigate the response of the climate system to
stabilize the anthropogenic radiative forcing. Radiative forcing is constant in the
RCP4.5 from 2082100 but greenhouse gas emissions and concentrations
remain variable in this scenario.

The population growth will rise in RCP 4.5 scenario. There is also a
steady growth in economy, together with effective tasd regulations in such
a way that environmental protection is properly assessed. As comparison,
population growth has prompted ieases in agricultural productivity,
increasing cropland in the first half of the century, which lead to higher demand
of landintensive meat. In this scenario, the food demand decrease after 2050
due to the decrease in population. Therefore, croplandaaiduse emissions
will decrease.

According to the research INazarenko, et al. (20183he thermateric
sea level rises are 27cm3d cmfor RCP4.5 as compared to the preindustrial
(year 1850 year 1860) mean sea level by the year 2100. Industrialization has
been shown to have triggered global warming which has raised sea level.
Yaduvanshi, et al. (201%ad proved that CMIP 5 models under RCP4.5
scenario had successfully showed the annual thivdaation at 2T global

warming by 2046¢comparingo preindustrial rates.

2.4.3 Representative Concentration Pathways .6
Representative Concentration Pathway 6.0 (RCP6) is a process that defines
long-term patterns in global greenhouse gas (GHG) emissions that stabilize
radiative force at 6.0 I (Masui, et al., 2011)t was introduced by the AIM
modelling teanfrom theNational Institute for Environmental Studies (NIES),
Japan. The overall radige forcing is expected to balance after 2100, by
applying variety of technologies and techniques to minimize greenhouse gas
emissions, without overshooting.

For RCP6, the limit 06 U equivalent concentration is 855 ppm, which

making RCP6 excluded frommost policy discussion. Although it is not
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specially modelled in the growth of RCP6, this scenario will be followed by
climate change. The climate change is expected to be fluctuate high in year 2100,
due to the climate vulnerability and extent of bufigrpower by oceans. This

will provide an input on emission reduction activities across various
mechanisms such as preserving and expanding forests, increasing bioenergy to
building space conditioning demands and so on. Furthermore, in order to
accomplish lte goal RCP6, where emission mitigation become modest before
2060, a mitigation of the reference scenario emissions is needed.

As the population rises, RCP6.0 had revealed a result on the increasing
demands of cropland but with a decrease in pastureoWsshlmost similar
pattern as observed for RCP2.6 but with a much stronger execution. Industry
growth will definitely cause impacts on global warming. RCP6.0 models
experieice substantially higher than @%warming at 2100, with the surface
tempeature rang rising between 2.4°C and 4G&G°Temperature increases have
caused the ocean kelvto rise to a maximum of 28cm & cm in 2100 as
compared to the pradustrial (year 1850year 1860).

2.4.4 Representative Concentration Pathway$.5

RCP 8.5 is théusinessusual or highkend scenarigRiahi, et al., 2011)It was
introduced umg the MESSAGE model and the IIASlAtegrated Evaluation
Framework The RCP 8.3nainly describe the rise in greenhouse gas emissions
with the literature scenarios that cause the high emissions. Theesoriomic
development direction of RCP 8.5 is chaeaized by weak economic growth
rates with minimal regional convergence, growth in population and a rapidly
growing population to comparatively high levels, and a relatively slow
technology transition.

New methodologies were used for the development of RCP8.5 such as
enhancement of pollutant emission regulations, in order to investigate
implications of the RCP and global air pollution. Effective introduction of
currently implemented pollutant control pmés is shown to substantially
decrease the pollutant emissions in short term. For instance, global reductions

of aboutt  AO5% of3 / emissions is expected in 2000 to 2030. As {ong
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term, incremental technological changes will definitely reduce the emis$i
pollutants to very low levels.

In RCP 8.5, the urban demand will increase due to the population growth
combined with low economic development, where the community will focus
more on development of the area rather than priege the environment
condtion (Vuuren et al., 2011)RCP8.5 shows strger radiative forcing due
to industry development, which will cause energy imbalance by 2100. The
RCP6.0 scenario is experiencing a gradual decrease in imbalance with the
decreases in 'Q CFCs, and other gases. However, in the case of RCP8.5 there
is no change in the imbalance between 2100 and 2250 which represents a
significant increase in thé 0 concentration. Temperature increases have
caused the ocean kelvto rise to a maximum of 36cm #b cm in 2100 as

compared to the pradustrial (year 1850year 1860).
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CHAPTER 3

METHODOLOGY AND WORK PLAN

3.1 Workflow

Chapter 3 outlines thavorkflows and methods involved in computinget
drought analysis witlthe SPlin East Malaysia, which consists of Sabah and
Sarawak. The SPWwas selected as the only indicator meonitor drought
characteristicglue toits computation simplicity, and the availability of input
data. Historical daily data of these inphid been historicallyecorded atll

the meteorological stations distributexd the whole region.The precipitation

data that we.needed fathe SPI wa obtained fronthe Department of Irrigation

and Drainage (DID)In this study, all the historical data obtained span fitoen

year 1988 to 2017 (30 years) and used to compute the SPIwBhehd 6

month timescale hese drought indices were then used to gentra@rought
Frequency(DF), Mean Drought DuratiorMDD), Mean Drought Severity
(MDS), Mean Drought IntensitfMDI) and Mean Drought PedkIDP) to study

the drought characteristics of the study area. Furtbey, the drought
occurrences under each drought category indicated by the SPIs were also
generated in this study. Finally, these drought characteristics and drought
categories were used for bagmporal (monthly and six-# subperiods) and
spatial (9 egions) analyses to study the drought pattern in the study area. Figure

3.1 shows the workflow of study.
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Figure3.1: Workflow of Study
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3.2 Mapping, Location of Study and Data Acquisition
East Malaysia was selected as the study area, which consists of Sabah and
Sarawak:

Sabah State is Malaysia's secdadyest state after Sarawak, where GPS
coordinates of 5 © 25 '13.4544 "N and 116 ° 47' 48.4188" E. Sabah (3,711
has a long coastlinef 4,743 km. The west side is mainly mountainous with
three of the highest mountains in Malaysia being a part of it. The Crocker range
is the most famous of it, with mountains up to 4,000 meters of height. Mount
Kinabalu act as Malaysia's highest mountaiith height of 4.095 meters.

Sabah has a tropical climate with little seasonal change. Temperatures
are warm throughout the years but with rarely climb into the middle or upper 90
Fahrenheit degrees. Although the area is subject to seasonal changes in pre
vailing wind direction, there is no pronounced wet or dry season as in most of
Southeast Asia. Therefore, a clear pattern of geographical variation in rainfall
can be seen in Sabah. Weather would not normally prevent conventional
amphibious operations agat Sabah. It could however restrict maritime
paramilitary operations using small craft. Air operations would be hindered
from time to time by strong winds, turbulence, cloudiness, low ceilings, and
poor visibility caused by heavy rain. Strong winds coolldclude parachute
drops in coastal areas. Such winds bkateel to typhoons that migrate
Northwestward across the Philippine Islands, especially between July and
November.

According to official statement by Sabah government, Sabah receives
an annual raifall of 2500 3500 mm. The pattern of the rainfall distribution is
clearly defined. With intervals from 1000 mm to over 3500 mm, a relatively
consistent trend of mean annual rainfall is found that is subject to Sabah's
geographical location and topograptitzatures. Nonetheless, due to coastal
influences and in shadow to large lamass, some localities obtained will not
fall within the range.

The state of Sarawak is the | argest of
just north of the equator and stieés about 800 km along the northwest coast
of the island of Borneo and 600 km from Peninsular Malaysia besides. Sarawak

is located at Malaysia in the States place category with the GPS coordinates of
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1.5533° N, 110.3592° E. The total land zone of Sarawakmost 124,49 | ,
making up 37.5% of the total territory of Malaysia.

Sarawak comprising of three regions which are coastal lowlands, region
of undulating hills and the mountain highlantsat are expandetb the
Kalimantan border. The longest riverMualaysia, Batang Rajang is located in
Sarawak. The Borneo rainforest is known as being among the most speties
forest in the world. 80 per cent of the total land area of Sarawak is covered by
trees, while the remaining include villages, towns, cuiiidraof agricultural
crops and property of customary native rights.

Sarawak has a climate which is equatorial. Throughout the year the
temperature is fairly constant with a temperature eé8323 C from the morning
to afternoon. Whereas in highlands sashBario, the temperature is recorded
between 16 ° C and 25 ° C during day time and actiasdéow as 11 ° C during
night time. The northeast monsoon normally brings heavy rain between
November and Februarywhereas fothe southwest monsopit is genery
milder between June and October. Depending on various region of Sarawak, the
average rainfall recorded is between 3,300mm and 4,600mm annually.
Humidity in lowlands ranging from 80 per cent t0 Per cent is consistently
high. Figure 3.Zhasbeen genated to visualizehie topography of the study area.
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Figure3.2: Rainfall stations, regional sections and mountain ranges in Sabah and Sarawak.
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3.3 Standardized Precipitation Index (SPI)

The SPI is an effective method to estimate the spatial and temporal variations
of dryness and wetness in Sabah and Sarawak. The calculation of SPI was
conducted by utiliing the raindll data from 1988017 (D years), at4 3- and
6-months timescales based on the gamma distribution function. Atéomgy
precipitation data is required to undergo this process to develop the probability
distribution function, which will result in a noahzed numerical values with O
mean and standard deviation value of 1. The SPI values that is greater than 0
indicate higher level of wetness compared to the SPI values which are less than

0 which indicating lower level of wetness.
The mean of the rainflak computed by the following equation:

B8 (3.1)

- AATS8
where
X = Precipitation in mm
N = Number of rainfall stations

The standard deviation for the rainfall swealculated as equation below:

_AATE 28 (3.2)

The skewness of the given rainfall isen as the following equation:

. . 8 O
3EAx 5 c 5 (3.3)

The SPI was computed based on monthly precipitation data by two parameter
gamma distribution functian First of all, log normal values were found based

on therainfall data provided. Then, -Bkatistics, shape and scale parameters
were computed. By doing this method, the mean was adjusted to O, standard
deviation to 1.0, and skewss of the existing data 0.
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1 TIAAT8 118 (3.4)

. .Bj T8 (3.5)

— (3.6)
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Historical rainfall datafor differentstatiorsa r e  gathtagaimhma probability

distribution function as equation below:

@ KAg@ (3.8)
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During zero precipitation where undefined x = 0, the cumulative probability

eqguation can be expressed as below:
(o N p N' @ (3.9

where

g = Probability of zero

The cumulative probability H(x) iconvertedto standard normal random

variable Z as shown below:

30 O A_AO AO Ao (2 m™
) AO AO AO ( (3.10

Y
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30 O A_AO AO Al @ p8t (3.11)
) o A0 AO AO (2 por B
where
o i T—pg A0 (2 (3.12)
A s P .
- 3.13
0 115 A (g pst (3.13

where the coefficients in Equation 3.10 &l are stated below:

A = 2515517 A = 0.802853 A
A = 1.432788 A = 0.189269 A

0.010328
0.001308

3.4 Drought Characteristics

Different types of drought indices were performed to identify the characteristics
of drought in Sabah and Sarawak. Byderstanding drought characteristics, it
offers early notice to ensure drought preparedness and minimize future
impacts.In addition, early detection of droughts is essential to manage potential
crop losses in order to avoid or mitigate possible assdcfataines, and to
tackle increased fire risk. Various parameters were considered such as duration,
frequency, severity, peak and intensity. Future drought data are obtained to
generate future drought map, where the future drought map is used to compare
with the historical drought map. Besides, there are others parameters that were
computed, which provided another perspective adpeparicular parameter,

for example, ManDrought Duration(MDD), Mean Drought 8verity (MDS),

Mean Drought Bak(MDP) and Mea Drought htensity(MDI). The equations

to compute the drought chataristics are expressed below:
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3.4.1 Drought Frequency
The total number of drought event is the frequency of drought. A drought index
with negative values indicate a drought has occurredcalealation of drought

frequency is expressed in the following equation:

$01 OELEONOAT AOI AIABOT OCEAN (3.26

3.4.2 Mean Drought Duration

The duration of drought is known as period where drought phenomenon
occurred. Meardrought duration was computed by averaging the total of
drought duration throughout the research period over the drought frequency,

which can be expressed in the following equation:

B$ Ol OKEOAOE

- AMOI OACGEGDAO@ Ol 6EEONOAIT

(3.27)

3.4.3 Mean Drought Severity

Drought severity denotes that the magnitude of the drought event represents the
effects caused by rainfall deficiency. The severity of the drought may depend
on the rate of moisture deficiency, duration, and size of thdysarea.
According toGuo, et al. (2018)the drought severity is computed based on the
drought index value itself and can be expressed in the following equation:

- AMOT OGEDA O £ (3.28)

3.4.4 Mean Drought Intensity
It is known that drought intensity can be explained as the average value of
drought magnitude within the drought period, as the equation is expressed in the

following equationGuo, et al., 2018)
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Whereas, the mean drought intensity was computed by averaging the total of
drought intensity over drought frequency as the equation is &squen the
following equation.
o o B$OI OEEGAT Ol
- AAMIOT OIE@A %‘O‘TW@C‘EK)NC)AT

(3.30)

3.4.5 Mean Drought Peak

During a drought event, drought peak can be achieved when the lowest value of
drought index is obtained. Mean drought peak is calculated as theofatio
summation of drought peak over drought frequency as the equation is expressed

in the following equation:

o B$Ol OUADHAOT O
- AMOT OB T S EE BN G AT A L

(3.31)

3.5 Drought Categories

From the analysisarried outearlier,the Spatial and Temporalariationswere
evaluated to compare the drought characteristicshénRegions of East
Malaysia. The total of 30 years (192817) research perioggreconveniently

and arbitrarily and consecutivetiivided intosix 5-yr subperiodsto have the
opportunity in order to differentiate the drought characteristics in more
comprehensive ways. However, a conclusion on which subareas of the basin
were more prone to droughts svdifficult to make. Thereforehe drought
charateristics werealso calculated faand classified asiild, moderate, severe,
and extreme drought categories. UntterSPI, SPI values between 0- @99
could be classified as Mild Drought, while SPI values between 1.60.4@
could be classified as Merate Drought. For Severe Drought, SPI values
between1.50 to-1.99 should be obtained, whereas for Extreme Drought, SPI
values less than2.00 should be obtained (Paulo, 2006). For further
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understanding of drought categories, graphs have been gerferatied total
number of stations that showed different drought categories #,3R+3 and
SPI6. The sukperiods that have shown higher drought occurrence have been
linked to the EINifio episodes thditadhapperd over thgpast 30 years. Besides,
mapsof each drought categowere generated and discussed. The regions or
areas that have shovaigher occurrence of drought were sortedand linked
ostensiblyto the factors of El Nifio events and mountainous topography of East
Malaysia.For instance, theations thatverelocated near to seashore miglet
influenced bythose paskEl Nifio events, whereas stations that are located near
to mountain ranges coulde affected by the mountains whitiocked the
rainfall from reaching a specific areégherefore, a improved understanding of
relationship of the drought characteristics and drought categories could be

achieved.



34

CHAPTER 4

RESULTS AND DISCUSSION

4.1 Introduction

The Standarzed Precipitation Index (SPI) was utilised in order to monitor the
drought characteristicfrom 19882017 at timescageof1-month, 3months and

6 monthgespectivelywith the precipitation datavailable 30 years of rainfall
data were divided into six-$ears sukperiods, which werghe 19881992,
19931997, 1998002, 20022007, 2008012 and 201-2017sub-periods over

the 30year length of data herewas aotal of 5 drought characteristics studied:
Drought Frequency (DF), Mean Drought Duration (MDD), Mean Drought
Severity (MDS), MearDrought Intensity (MDI), Mean Drought Peak (MDP).
The EI-Nifio episodess shown in Table 4.1 and topography of East Malaysia
were used to justify the drought characteristics that happened over the 6 sub
periods.During an El Nifio event, theccurrence ofainfall will be restricted
due to increase in sea surface temperaBesides, the mountainous topography
of East Malaysia could block either Sotwest Monsoon or Nortkast

Monsoon from reaching a specific area, resulting in drought occurrence.

Table4.1: EI-Nifio episodeghat happened from year 19512020 (Oceanic
Nifio Index, 2020)

El-Nifio episodes

Weak- 12 Moderate- 7 Strong- 5 Very Strong- 3
1952- 1953 1951- 1952 19571 1958 19821 1983
19537 1954 1963- 1964 1956- 1957 1997- 1998
1958- 1959 1968- 1969 1972- 1973 2015- 2016
1969- 1970 1986- 1987 1987- 1988

1976- 1977 1994- 1995 1991- 1992

1977- 1978 2002- 2003

1979- 1980 2009- 2010

2004- 2005

2006- 2007

2014- 2015

2018- 2019

2019- 2020
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4.2 Drought Frequency

421 SPI-1

Drought Frequency (DF) is the number of droughts ti@athappened in the
specific study period.The SPI at month timescale was utilised in order to
study the spatial variations of DF as shown in Figure#h&colour depth from
lighter yellow tothe darkered indicates the level of DF frorawest to highest
category.

SPI-1_DF(1988-1992) SPI-1_DF(1993-1997)
I 50-78 171-92

79-10.6 =93-11.3
m10.7-13.4 m11.4-134
- 13.5-16.2 ™ 13.5-15.5

=163 -18.9 = 156-17.6

SPI-1_DF(1998-2002)
1 7.2-92

=9.3-11.3

m11.4-13.3
-13.4-153
m154-17.4

SPI-1_DF(2003-2007)
1 63-86

=8.7-10.8

m10.9-13.1
m-132-154
m155-17.6

SPI-1_DF(2008-2012) . SPI-1_DF(2013-2017)
I 43-6.6 £ 4t I 40-6.8
=6.7-9.0 = 6.9-95
mo9.1-113 - d < m9.6-12.2

-114-136 b o -123-15.0
=137 -16.0 N TR = 15.1-17.7

Figure4.1: Drought Frequency maps of SPfor each 5years sukperiod along
19882017.
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In Region 1, the DF between 503.4 were observed in syieriod
19881992.A majority of the areabad showrDF between 7.93.4,wherely
the West, Central and Eastern maof the regionhad showrhigher values of
DF. In subperiod of 19931997,the DF between 9:35.5 were observed
majority of the areabad showrDF between 11-45.5,wherebyWestern part
of the regionhad shownrhigher values of DF. In superiod 1998002, DF
between 7.215.3 were observed. Majority of the ardéasl showrDF between
11.415.3,wherebythe Western part of the regidmd showrhigher values of
DF. In subperiod 200322007, DF between 8.X7.6 wereobservedA majority
of the areasiad showrDF between 10:95.4,wherebythe North-East of the
regionhad showrhigher values of DF. In superiod 20082012, DF letween
6.7-13.6 were observed. Aajority of the areafiad showrDF between 9:1
13.6,wherely the Western and Eastern padf the regionhad showrhigher
values of DF. In suiperiod 20132017, DF between 4-.05.0 were observed
majority of the areakad showrDF between 9-4.5.0,wherebytheWestern part
of the regiorhad shown higher value$ DF.

As it happened\eer the six sulperiods, it was observed that majority of
the areadhad shownlowest DF duringthe subperiod of 19881992, which
gradually increased and peakedhe subperiodof 19931997. The DF have
then remained in superiods 1998002 and 2002007. Then, it decreased
during subperiod 2008012 and maintained in 202®17. Besidesthe
Western part of the region had consistently showed relatively higher DF over
the subperiads, except for superiod 20032007 that has relatively higher DF
at station 5482001 and 5582001. Givkatthe location of these two stations
being in the neacoast Kinabatangan district, the high DF coulddbe to the
effect of the EINifio episodeghat had occurredn 20022003, 20042005,
20062007 that inhibited rainfall occurrence due to the increase in sea surface

temperature.

In Region 2 the DF between 7.98.9 were observed in syeriod
19881992.A majority of the areabad showrDF betwea 10.713.4,whereby
the North-West of the regiorhad showrhigher values of DF. In superiod
19931997, DF between 7-13.4 were observed majority of the areavad
shown DF between 9-33.4, wherebythe SouthEast and East parof the
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regionhadshownhigher values of DF. In syberiod 19982002, DF letween

7.2-13.3 were observed. Aagority of the area®iad showrDF between 9.3

13.3,wherebythe South part of the regiohad showrhigher values of DF. In
subperiod 20032007, DF between 6-B3.1 were observed. A @jority of the

areashad showrDF between 8-13.1,wherebythe South part of the regiamad

shownhigher values of DF. In suberiod 20082012, DF letween 6.713.6

were observed. A gjority of the areashad shownDF between 9-13.6,

wherbythe North-East of the regiohad showrhigher values of DF. In sub
period 20132017, DF letween 6.915.0 were observed. Aajority of the areas
had showrDF between 9-42.2,wherebymost of the regiohad showrhigher

values of DF, except fahe North-West.

Therefore, wer the six sulperiods, it was observed that majority of the
areashad shownpeak DF during sukperiod 19881992, which gradually
decreased and maintained in fdyiod 19931997 and 1992002 The DF
have therdecreased angemainedn subperiods20032007, until lowest DF
was observedn 20132017. Besidesthe Southern part of the region had
consistently showed relativelyigher DF over the superiods, especiallyat
station1102019 and 1201076iventhatthe location of these twaiations being
near to seasharthe high DF could be affected by theNiifio episodeghat had
occurredin 19941995 20022003,20042005, 20062007, 20192010, 2014
2014 and 2012016that inhibited rainfall occurrence due to the increase in sea

surfa@ temperature.

In Region 3 the DF between 5{18.9 were observed in syteriod
19881992.A majority of the areabad showrDF between 10:16.2,whereby
theNorth-East of the regiohad showrhigher values of DF. In superiod 1993
1997, DF letween9.3-17.6 were observed. Aajority of the areabad shown
DF between 1145.5,wherebythe North-East part of the regiohad shown
higher values of DF. In sugberiod 1998002, DF letween 7.217.4 were
observed. A mjority of the areabad showrDF betwea 11.415.3,whereby
theNorth-East of the regiohad showrhigher values of DF. In superiod 2003
2007, DF between 10.97.6 were observed majority of the areabad shown
DF between 136-25.4,wherebytheNorth-East of the regiohad showrigher
values of DF. In suiperiod 20082012, DF letween 6.713.6 were observed. A
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majority of the areabad showrDF between 9-13.6,wherebythe Eastern part
of the regionhad shownrhigher values of DF. In superiod 20132017, DF
between 4.617.7 were observed majority of the areaBad showrDF between
12.315.0,wherebytheSouthEast pf the regiohad showrigher values of DF.
A majority of the areabad showrowest DF during suiperiod 19982002, and
gradually increased on the following spériod.

Thus,over the six sb-periods, it was observed thagjority of the areas
had showrpeakDF during sukperiod 19881992, which gradually deeasd
and maintainedn subperiod 19931997. The DF have thenmained in sub
periods 1998002,20032007and 20082012. Then, it decreasexs lowest was
observedduring subperiod 20082012 andincreasedn 20132017. Besides,
the NorthernEast part consistently showed relativaigher DF over the sub
periods, especially station 3950020 and 3754@Ven the locton of these
two stations located in inland arehe hgh DF could be affected by Banjaran
Tama Abu which is located near to the stati®ssjaran Tama Abu could block
the North-East Monsoon from reaching the stations, whereby side of a
mountain range may be rainy and the other side maydbg area, which lead
to high DF in a specific area.

In Region 4 DF betweenl0.7-16.2were obsrved in sukperiod 1988
1992. A najority of the areatad showrDF between 10.-13.4 wherebythe
North-Eastof the regionhad showrhigher values oDF. In subperiod 1993
1997,DF betweenll1.415.5were observedlhe whole regionhad showrDF
betweenll.415.5 wherebythe Central and Westerpars of the regionhad
shownhigher values oDF. In subperiod 19982002 DF betweenl3.415.3
were observed in whole region, wherehgNorth-Eastof the regiorhad shown
higher values oDF. In subperiod 20032007, DF betweenl13.217.6 were
observed. A mjority of the areabad showrDF betweenl3.2-15.4 whereby
theNorth-Eastof the regiorhad showrhigher values oDF. In subperiod 2008
2012,DF between 6.713.6 were observed. Aajority of the areabad shown
DF between 9.113.6,wherebythe Southern parf the regiorhad showrnigher
values ofDF. In subperiod 20132017,DF betweenl2.315.0were observed
in whole regionwherebythe SouthEast pf the region had showigher values
of DF.
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In summaryover the six suiperiods, it was observed thajority of
the areadiad showm DF gradually increaseduring subperiod 19881992, and
peak was observed in spleriod 19931997. The DF have thedecreased and
remained in superiods 1998002,20032007and lowest DF was observed in
20082012. Then, it inreasedluring subperiod D13-2017. Besidessince the
region is small, almost whole regitvad showrrelatively higher DF over the
subperiods, except for syperiod 19881992 and 2002012that has relatively
higher DF at statio6168001 Giventhatthe locaion of these two stainswere
at theinland areathe hgh DF could be affected lie Banjaran Crocker which
is located near to the statiorBanjaran Crocker could blodke North-East
Monsoon from reaching the stations, wherebg side of a mountain range may
be rainy andhe other side may beday area, which lead to high DF in a specific

area.

In Region 5 the DF betweenl0.7-16.2 were obsrved in sukperiod
19881992. A najority of the areabad showrDF between 10.-13.4 whereby
theNorth-Eastof the regiorhadshownhigher values oDF. In subperiod 1993
1997,DF betweenl1.415.5were observedlhe whole regionhad showrDF
betweenll.415.5 wherebythe Central and Westerpart of the regiorhad
shownhigher values oDF. In subperiod 19982002 DF betweenl13.4-15.3
were observed in whole region, wherehgNorth-Eastof the regiorhad shown
higher values oDF. In subperiod 20032007, DF betweenl13.217.6 were
observed. A mjority of the areabad showrDF betweenl3.2-15.4 whereby
theNorth-Eastof the egionhad showrigher values oDF. In subperiod 2008
2012,DF between 6.713.6 were observed. Aajority of the areabad shown
DF between 9.113.6,wherebythe Southern parf the regiorhad showrnigher
values ofDF. In subperiod 20132017,DF betweenl2.315.0were observed
in whole regionwherebythe SouthEast of the region had showigher values
of DF.

All'in all, it was observed thatver the six suiperiods, it was observed
thatmajority of the areabad showrDF gradually increaseduring subperiod
19881992, and peak was observed in-palbiod 19931997. The DF have then
decreased angmained in sukperiods 199&002,20032007 and lowest DF
was observed in 2068012. Then, it inreasedduring subperiod 20132017.
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Besidesthe cental of the regiorhad showmnelatively higher frequency of DF
over the sukperiods.except for sukperiod 19881992that has relatively higher
DF at statiom955002 Giventhatthe location of these two stations being near
to seashore, the high DF could/eabeeraffected by the ENifio episodeshat
had occurreth 19871988 and 1991992that inhibited rainfall occurrence due

to the increase in sea surface temperature.

In Region § the DF between7.9-16.2 were obsrved in sukperiod
19881992. A majority of the areabad showrDF between 10.-46.2 whereby
theWestern and Eastern padf the regiorhad showrhigher values oDF. In
subperiod 19931997,DF betweerl1.417.6were observedlhe whole region
had showrDF betweenl3.517.6 wherebythe Easternpart of the regiorhad
shownhigher values oDF. In subperiod 19982002 DF between9.3-17.4
were observed in whole region, wherghg Easternof the regionhad shown
higher values oDF. In subperiod 20032007, DF betweenl10.917.6 were
obseved. A najority of the areabad showrDF betweenl0.915.4 whereby
theNorth-Eastof the regiorhad showrhigher values oDF. In subperiod 2008
2012,DF betweer6.7-13.6were observedA majority of the areabad shown
DF between 9.413.6,wherebythe Eastern pardf the regiorhad showrhigher
values ofDF. In subperiod 20132017,DF betweerD.6-17.7were observeth
whole regionwherebythe North-East of the region had showigher values of
DF.

It was observed thatver the six suiperiods, majority of the aredsd
shown DF gradually increaseduring subperiod 19881992, and peak was
observed in superiod 19931997. The DF have thetecreased anemained
in subperiods 1998002 and peak DF was observed in £9937. Then, it
decreasedluring subperiod19982002 and lowest DF was observed in 2008
2012 Besidesthe Eastern parhad showrrelatively higher frequency of DF
over the sukperiods, except for syperiod 19881992that has relatively higher
DF at station4955021.Given that the location of thestation being near to
seashore, the high DF could be affected by thRiEbd episodeshat had taken
placein 19871988 and 1991992that inhibited rainfall occurrence due to the

increase in sea surface temperature
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In Region 7 the DF between7.9-16.2 were obsrved in sukperiod
19881992. A majority of the areabad showrDF between 10.-16.2 whereby
the Centralof the regionhad showrhigher values oDF. In subperiod 1993
1997,DF between7.1-13.5were observedA majority of the areabad shown
DF betweer9.3-13.4 wherebythe Northern and Eastepart of the regiorad
shownhigher values oDF. In subperiod 19982002 DF between9.3-153
were observed. A gjority of the areas had shown DF betwne9.311.3,
wherebytheNorthern parof the regiorhad showrhigher values oDF. In sub
period 20022007,DF betweerB.7-15.4were observed. A gjority of the areas
had showrDF betweenl10.915.4 wherebythe SouthEastof the regionhad
shownhigher vdues of DF. In subperiod 20082012, DF between6.7-13.6
were observed. A narity of the areashad shownDF between 9.113.6,
wherebythe Eastern parof the regiorhad showrhigher values oDF. In sub
period 20132017,DF between6.9-15.0 were observé majority of the areas
showed DF between 916.0,wherebythe Eastern part of the region had shown
higher values oDF.

Thus it was observed thahajority of the areabad shownpeak DF
during subperiod 19881992, and gradually decreased and remafireed sub
period 19931997. Lowest DF was observed in 20@812, and slightly
increased in the following perio@esidesthe Eastern and northern patiad
shownrelatively higher frequency of DF over the spodriods, except for sub
period 19881992 thathas relatively higher DF at stati@a615023 and 1415001.
Giventhatthe location of these two stations located in inland area, the high DF
could ke affected by Banjaran Kelinkamnghich is located near to the stations.
BanjaranKelinkang could blockthe Souh-WestMonsoon from reaching the
stationswherebyone side of a mountain range may be rainy and the other side
may be a dry area, which lead to high DF in a specific area.

In Region § the DF between7.9-16.2 were observed in syberiod
19881992.A magjority of the areaviad showrDF between 10.-43.4 whereby
the North-West of the regionhad shownrhigher values oDF. In subperiod
19931997,DF between9.3-15.5were observedA majority of the areavad
shownDF betweenll1.415.5 wherebythe Eastern and Westenpars of the
regionhad showrhigher values oDF. In subperiod 1998002 DF between
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11.415.3 were observed in whole region, wher¢hy Western parof the
regionhad showrhigher values oDF. In subperiod 20032007,DF between
10.9-15.4 were observed in whole region, wheréigEastern, Southern and
Centreof the regiorhad showrhigher values oDF. In subperiod 2008012,
DF between9.1-16.0 were observed. A \jority of the area®iad showrDF
between9.1-13.6 wherebythe Souhern partof the regionhad showrhigher
values ofDF. In subperiod 20132017,DF betweer6.9-15.0 were obsenee: A
majority of the areas showed DF between 2680, wherebythe Western part
of the region had showmgher values oDF.

For the span of 3Qears it was observed thamajority of the areabad
shown DF gradually increaseduring subperiod 19881992, and peak was
observed in suiperiod 19931997 .DF then decreased in 192802 until lowest
DF was observed in 206812, and slightly increasexl the following period
BesidestheWestern parhad shownelatively higher frequency of DF over the
subperiods, except for syperiod 203-2007 and superiod 20132017, that
has relatively higher DF at stati®64001, 6172001 and 67700@iventhat
the location of these stations located in inland area, the high DF could be
affected bythe BanjaranCrockerwhich is located near to the stations. Banjaran
Crocker could blockthe SouthWest Monsoon from reaching the stations,
wherebyone side of a muntain range may be rainy and the other side may be

a dry area, which lead to high DF in a specific area.

In Region 9 the DF between5.0-16.2 were obsrved in sukperiod
19881992. A najority of the areabad showrDF between 10.-16.2 whereby
the Eastern and Centrgdartsof the regiorhad showrhigher values oDF. In
subperiod 19931997,DF betweer9.3-15.5were observedA majority of the
areashad showrDF betweernl1.415.5 wherebythe Easterrpart of the region
had showrhigher values oDF. In subperiod 1998002 DF betweern/.2-15.3
were observe, majority of the areas showed DF betweeh3333 wherebyhe
Western parof the regiorhad showrhigher values oDF. In subperiod 2003
2007, DF between10.915.4 were observed in whole regionherebythe
Eastern, Southern and Centrfiethe regiorhad showrhigher values oDF. In
subperiod 20082012,DF betweent.7-13.6 were observed. A gjority of the
areashad showrDF betweerd.1-13.6 wherebythe Western parof the region
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had showrhighervalues oDF. In subperiod 20132017,DF betweer6.9-15.0
were observe. A ajority of the areas showed DF between 3580, whereby
theCentral and Eastern padf the region had showmgher values oDF.

It was observed thahajority of the areakad shownpeakDF during
subperiod 19881992, and gradually decreased and remained froapstibd
19931997.Lowest DF was observed in 20@812, and slightly increased in
the following period Besidesthe Eastern part consistently showed relatively
higher DF over the suiperiods, except for superiod 1998002 and sub
period 200&012,that has relatively higher DF at statidd17001, 2615009,
2520052 and other stations near tdaGiven the locaon of the stationdeing
near to seashore, the high DF kbie affected by the HElifio episodes
occurringin 19971998 and 2002010that inhibited rainfall occurrence due to

the incease in sea surface temperature.

422 SPI-3

The Drought Frequency (DF) idefined as thesumber of droughts thdtad
happened durinthe study periodThe SPI at 3month timescale was utilised in
order to study the spatial variations of DF as shown in FigureThgcolour
depth from yellow to red indicates the level of DF from lowest to highest

category.
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Figure4.2: Drought Frequency maps of SBfor each 5years sukperiod along
19882017.

In Region 1, the DF between4.6-8.9 were observed ithe subperiod
19881992. A majority of the areakad showrDF between6.1-7.4, whereby
the Central part of the regiomad showrhigher values oDF. In the sub-period
19931997, DF between3.7-7.5 were observed. A gjority of the areavad
shownDF betweerb.1-7.5 wherebytheWesern and Centrglaris of the region
had showrhighervalues ofDF. In subperiod 1998002 DF betweem.2-8.3
were observed. Majority of the ardaasd showrDF betweerb.7-8.3, whereby
the Wesern part of the regiormad showrhigher values oDF. In subperiod
20032007,DF between5.6-10.6 were observedA majority of the areadad
shownDF betweerb.6-8.0, wherebythe Northern parbf the regiorhad shown
higher values ofDF. In subperiod 2008012, DF between3.2-6.7 were
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observed. A mjority of the areabad showrDF betweem.5-6.7, wherebythe

Northernpart of the regiomad showrhigher values oDF. In subperiod 2013

2017,DF betweenl.0-8.2 were observedA majority of the areavad shown
DF betweer2.9-6.4, wherebythe Wesern part of the regiomad showrhigher
values ofDF.

Over the six 8b-periods, it was observed thagjority of the areabad
shown DF gradually increasedduring subperiod 19881992 and peak was
observed in 1992002. DF then decreased and remained frorpsuiod 2003
2007 andlowest DF was observed in 262817 Besids, the Western and
Northern part had relatively shown high DF over thegefods, except 1988
1992, that has relatively higher DF at stati6h81001.Giventhatthe locaion
of the stationdeing near to seashore, the high DF could be affected by-the El
Nifio episodeghat had occurreth 19871998 and 1991992 that inhibited

rainfall occurrence due to the increase in sea surface temperature.

In Region 2 DF between4.6-7.4 were observed in suberiod 1988
1992. Majority of the areabad shownDF between4.6-6.0, wherebythe
Southerrpart of the regiomad showrhigher values oDF. In subperiod 1993
1997,DF betweerb.1-7.5were observed. Majority of the ardasd showrDF
between5.1-6.2, wherebythe Southernpart of the regiorhad showrhigher
values ofDF. In subperiod 1998002 DF betweem.2-6.9 were observedA
majority of the areabBad showrDF betweerb.7-6.9, wherebywholepart of the
regionhad showrhigher values oDF, exceptfor the Northern part In sub
period 20032007,DF between4.2-6.8 were observed. A gjority of the areas
had showrDF between4.2-6.8, wherebythe Southern parof the regionhad
shownhigher values oDF. In subperiod 20082012,DF betweerB.2-5.6were
observed. A mjority of the areabad showrDF betweem.5-5.6, wherebythe
Centralpart of the regiotad showrhigher values oDF. In subperiod 2013
2017,DF betweerd.7-8.2 were observed. A gjority of the areakad shown
DF betweem.7-6.4, wherebythe Southermart of the regiomad showrhigher
values ofDF.

Over the six suiperiods, it was observed thagjority of the areabad
shown DF gradually increasedduring subperiod 19881992 and peak was
observed in 1992002. Lowest DF was observed in 26837 and remained
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for the following eriods Besidesthe Southern part had relatively shown high
DF over the suiperiods, except 2008012,that has relatively higher DF at
station1402047, 1402001, 140204@iven the locdon of the stationdeing
near to seashore, the high DF could becadig by the ENifio episodeghat had
occurredin 20092010that inhibited rainfall occurrence due to the increase in

sea surface temperature.

In Region 3 DF between3.0-10.4were observed in syberiod 1988
1992. Majority of the aredsad showrDF between6.1-8.9, wherebythe North-
Eastpart of the regiohad showrnigher values oDF. In subperiod 19931997,
DF between3.7-10.0 were observed. Majority of the arehad shownDF
between6.3-8.7, wherebythe North-Eastpart of the regiormad showrhigher
values ofDF. In subperiod 1998002 DF between4.2-6.9 were observed.
Majority of the areakad showrDF betweerb.7-8.3, wherebythe Easterrpart
of the regionhad showrhigher values oDF. In subperiod 20032007,DF
betweem.2-10.6were olserved. Majority of the aredmd showrDF between
5.6-8.0, wherebythe North-East parof the regiorhad showrhigher values of
DF. In subperiod 20082012,DF between3.2-9.0 were observed. Majority of
the areadad showrDF betweend.5-6.7, wherebythe North-Eastpart of the
regionhad showrhigher values oDF. In subperiod 20132017,DF between
4.7-10.0were observed. Majority of the areasd showrDF betweem.7-8.2,
wherebythe Easterrpart of the regiommad showrhigher values oDF.

Over the sixsubperiods, it was observed thagjority of the areabad
shownpeakDF was observeduring subperiod 19881992 and decreased in
19931997. DF then decreased in 19282 and remained for the following
periods BesidestheNorth-East parhad relativey shownhigh DF over the sub
periods,except 1998002 and 2012017, that has relatively higher DF at
station1947001, 1544001 and 23460@iven the location of these stations
located in inland area, the high DF could be affectethbymountain ranges
Pergunungan Iran and Pergunungan Hose whichamated near to the stations.
Pergunungarran could block North-East Monsoon, whereas Pergunungan

Hosecould blockthe SouthWestMonsoonfrom reaching those stations.
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In Region 4 DF between4.6-8.9 were observed in sujperiod 1988
1992. Majority of the areabad shownDF between6.1-7.4, wherebythe
Southerrpart of the regiomad showrhigher values oDF. In subperiod 1993
1997,DF betweerb.1-8.7 were observed. Majority of the ardaasd showrDF
between6.3-7.5, wherebythe Southernpart of the regiorhad shownhigher
values ofDF. In subperiod 1998002 DF between5.7-9.6 were observed.
Majority of the areabad showDF betweerv.0-8.3, wherebythe Northernpart
of the regionhad shownrhighervalues ofDF. In subperiod 20032007,DF
between6.9-9.3 were observed. Majority of the arelagd showrDF between
6.9-9.3 wherebytheNorthern parof the regiorhad showrhigher values oDF.
In subperiod 2008012, DF betweerdt.5-6.7 were observedvajority of the
areashad showrDF betweerd.5-6.7, wherebyNorthern and Southenpart of
the regionhad shownhigher values oDF. In subperiod 20132017, DF
between6.5-8.2 were observed. Majority of the arelagdd showrDF between
6.5-8.2 wherebythewholepart of the regiomad showrhigher values oDF.

Over the six sulperiods, it was observed thagjority of the areabad
shownDF gradually increaseduring subperiod 19881992. DF then decreased
and remained in 1998002 and lowest DF waserved in 20062012 DF then
increased in the following perioBesidesthe Northern and Southern part had
relatively shown high DF over the spleriods, especiallytatation6168001
and 5768001Given the location of these stations located in inlard,ahe high
DF could be affected the BanjaranCrockerrangewhich is located near to the
stations.The BanjaranCrockerrangecould blockNorth-EastMonsoon from
reaching the stationgsherebyone side of a mountain range may be rainy and

the other gsle may be a dry area, which lead to high DF in a specific area.

In Region 5 DF between4.6-8.9 were observed in syberiod 1988
1992. Majority of the aredsad showmF betweer6.1-7.4, wherebytheCentral
part of the regiomad showrhigher values oDF. In subperiod 19931997,DF
betweenb.1-8.7 were observed. Majority of the arelagd showrDF between
6.3-7.5 wherebyWesternpart of the regiomad showrhigher values oDF. In
subperiod 1998002 DF betweerb.7-9.6were observed. Majority of the areas
had showrDF between7.0-8.3 wherebythe Northernand Centrapars of the
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regionhad showrhigher values oDF. In subperiod 20032007,DF between
5.6-9.3were observed.

Over the six sulperiods, it was observetddtmajority of the areabad
shownDF gradually increased sinseibperiod 19881992. DF then decreased
in 20032007 and lowest DF was observed in 2@082 DF then increased in
the following period and peak was observed in 2PQB7.Besidesthe Centra
part had relatively shown high DF over the qdriods, except 1998997 and
20082012, that relatively showed high DR satation 5158001, 4959001,
5361003, 5462001 and other stations near tGiiten the location of these
stations located in inland aethe high DF could be affected the Banjaran
Crockerrangewhich is located near to the statiombeBanjaran Crockerange
could blockNorth-EastMonsoon from reaching the statiomeherebyone side
of a mountain range may be rainy and the othersialg be a dry area, which
lead to high DF in a specific area.

In Region § DF between4.6-8.9 were observed in suberiod 1988
1992. Majority of the aredsad showrDF betweer6.1-7.4, whereby theCentral
part of the regiomad showrhigher values oDF. In subperiod 19931997 ,DF
betweerb.1-10.0were observed. Majority of the ardsasd showrDF between
6.3-8.7, whereby théeasterrpart of the regiomad showrhigher values oDF.
In subperiod 1998002 DF between5.7-9.6 were observed. Majority dhe
areashad showrDF betweer7.0-8.3 whereby theNorthernand Centrapart of
the regionhad shownhigher values oDF. In subperiod 20032007, DF
betweens.6-9.3 were observed. Majority of the ardaad showrDF between
5.6-8.0, whereby théNorthernpartof the regiorhad showrigher values oDF.
In subperiod 2008012, DF betweerd.57.9 were observed. Majority of the
areashad showrDF betweend4.5-6.7, whereby theEasternpart of the region
had showrhigher values oDF. In subperiod 20132017,DF between4.7-8.2
were observed. Majority of the areaad showrDF betweend.7-8.2, whereby
the Central, Northern and Southepart of the regiomad showrhigher values
of DF.

Over the six suiperiods, it was observed thagjority of the areabad
shown DF gradually increased sinceubperiod 19881992 and peak was
observed in 1993997. DF then decreased and remained in and
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20032007 and lowest DF was observed in 2@082 DF then increased in the
following period.Besidesthe Eastern ad Northern part had relatively shown
high DF over the suberiods, except 1988992, that relatively showed high
DF a station4450001 and 444901%iven the location of the stations being
near to seashore, the high DF could be affected by tN&fiélepsodeghat had

occurredin 19871988 and 1991992that inhibited rainfall occurrence due to

the increase in sea surface temperature.

In Region 7, DF between3.0-7.4 were observed in syberiod 1988
1992. Majority of the areabad shownDF between3.0-6.0, whereby the
Northernpart of the regiomad showrhigher values oDF. In subperiod 1993
1997,DF betweerb.1-7.5were observed. Majority of the ardasd showrDF
betweerb.1-7.5 whereby thd&asterrand Centrapart of the regiorhad shown
higher védues of DF. In subperiod 1998002 DF between4.2-8.3 were
observed. Majority of the aredmd showrDF between5.7-6.9, whereby the
Centralpart of the regiomad showrhigher values oDF. In subperiod 2003
2007,DF betweend.2-9.3were observed. Majority of the ardaasd showrDF
betweerb.6-8.0, whereby theCentral parof the regiorhad showrhigher values
of DF. In subperiod 2008012,DF between3.2-7.9 were observed. Majority
of the areaviad showrDF betweend.5-6.7, wherebythe Northernpart of the
regionhad showrhigher values oDF. In subperiod 20132017,DF between
4.7-8.2 were observed. Majority of the arelaad showrDF between4.7-8.2,
whereby theNorthern and Southempart of the regiomad showrhigher values
of DF.

Over the six suiperiods, it was observed thagjority of the areabad
shown DF gradually increased sinceubperiod 19881992 and peak was
observed in 1993997. DF then decreased and remained in 982 and
20032007 and lowest DF was observe@0082012 DF then increased in the
following period.BesidestheNorthern part had relatively shown high DF over
the subperiods, except 1998997, 1998002, 2002007 that relatively
showed high DFtastation1105027, 1616021, 1015001 and other stations near
to it. Given the location of these stations located in inland area, the high DF
could be affected bthe BanjaranKelinkangrangewhich is located near to the

stations.The BanjaranKelinkang could blockthe SouthWest Monsoon from
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reaching the stationsyherebyone side of a mountain range may be rainy and
the other side may be a dry area, which lead to high DF in a specific area.

In Region 8 DF between4.6-8.9 were observed in syberiod 1988
1992. Maprity of the areashad shownDF between6.1-7.4, whereby the
Westernpart of the regiomad showrhigher values oDF. In subperiod 1993
1997,DF betweerb.1-8.7 were observed. Majority of the ardaasd showrDF
between6.3-7.5, whereby theNorthernpart of the regionhad showrhigher
values ofDF. In subperiod 1998002 DF between4.2-9.6 were observed.
Majority of the areabad showrDF betweerb.7-8.3 whereby théVesternpart
of the regionhad shownrhigher values oDF. In subperiod 20032007,DF
between5.6-10.6were observed. Majority of the ardaasd showrDF between
5.6-8.0, whereby the&Southern panf the regiorhad showrigher values oDF.

In subperiod 2008012, DF between3.2-7.9 were observed. Majority of the
areashad showrDF betweem.5-7.9, whereby theSoutherrpart of the region
had showrhigher values oDF. In subperiod 20132017,DF betweer2.9-8.2
were observed. Majority of the ardaasd showrDF betweent.7-8.2, whereby
theWesternpart of the regiomad showrhigher values oDF.

Over the six sulperiods, it was observed thagjority of the areabad
shown DF gradually increased sincsubperiod 19881992 and peak was
observed in 1992002. DF then decreased and remained in 982 and
lowest DF was observed in 202812 DF then increased in the following
period.Besidesthe Western and Southern part had relatively shown high DF
over the sufperiods, except 1998997 that relatively showed high DF a
station6567002 and 667000&Given the location of the stations beingané&
seashore, the high DF could be affected by th&likd episodeghat had
occurredin 19941995 and 1992998that inhibited rainfall occurrence due to

the increase in sea surface temperature.

In Region 9 DF between4.6-8.9 were observed in syberiod 1988
1992. Majority of the aredsad showrDF betwee.6-7.4, whereby theSouth
Westpart of the regiorhad showrhigher values oDF. In subperiod 1993
1997,DF betweerb.1-8.7 were observed. Majority of the ardasd showrDF
between6.3-7.5, whereby theSouthWestpart of the regiomad showrhigher
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values ofDF. In subperiod 1998002 DF between4.2-8.3 were observed.
Majority of the areakad showrDF betweerb.7-6.9, whereby theéSouthWest
part of the regiomad showrhigher values oDF. In subperiod 20032007,DF
betweend.2-9.3 were observed. Majority of the areaad showrDF between
5.6-8.0, whereby théNorthern parof the regiorhad showrhigher values obF.
In subperiod 2008012, DF between3.2-6.7 were obsrved. Majority of the
areashad showrDF betweerd.5-6.7, whereby théWesternpart of the region
had showrhigher values oDF. In subperiod 20132017,DF betweem.7-8.2
were observed. Majority of the ardasd showrDF betweerd.7-8.2, whereby
theSouthWest and Northerpart of the regiomad showrhigher values oDF.

Over the six sulperiods, it was observed thagjority of the areabad
shownDF gradually increased sinseibperiod 19881992. DF then decreased
and remained in 2008012 as lowst DF was observed in 202812 DF then
increased and peak was observed in 220B7.Besidesthe Western part had
relatively shown high DF over the sgleriods, except for 2063007 and 2013
2017 that relatively showed high DEsdiation3132023 and 37021.Given the
location of these stations located in inland area, the high DF could be affected
by BanjaranKapuas Hulurangewhich is located near to the statioi$he
BanjararKapuas Hulwcould blockthe SouthWest Monsoon from reaching the
stationswherebyone side of a mountain range may be rainy and the other side

may be a dry area, which lead to high DF in a specific area.

4.2.3 SPI-6

Drought Frequency (DF) is the number of droughts ti@athappened in the
specific study period.The SPI at émonth timecale was utilised in order to
study the spatial variations of DF as shown in Figureh8colour depth from
lighter yellow to darkerred indicates the level of DF from lowest to highest

category.
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Figure4.3: Drought Frequency maps of S@for each 5years sukperiod along
19882017.

In Region 1, DF between 23.0 were observed in syberiod 1988
1992. Majority of the aredsad showF betweerB8.5-5.8 whereby theCentral
part of the regiomad showrhigher values oDF. In subperiod 19931997,DF
between2.8-7.5 were observed. Majority of the arelagd showrDF between
4.1-6.3 whereby the&Southerrpart of the regioiad showrigher values oDF.
In subperiod B982002 DF between2.1-6.2 were observed. Majority of the
areashad showrDF betweer.6-6.2, whereby theNesern and Centrgbart of
the regionhad shownhigher values oDF. In subperiod 20032007, DF
between2.2-7.6 were observed. Majority of the arelaad showrDF between
3.7-6.3, whereby theNorthern and Western paot the regiorhad showrhigher
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values ofDF. In subperiod 20082012, DF between2.4-5.9 were observed.
Majority of the areabad showrDF betweer.4-5.0, whereby thaVesternpart
of the regionhad showrhigher values oDF. In subperiod 20132017, DF
between0.0-4.9 were observed. Majority of the areaad showrDF between
3.4-4.9, whereby thewvhole regionhad showrhigher values oDF, excepftfor
the Eastern part

Over the six sulperiods, it was observed thagjority of the areabad
shown DF gradually increased sincaubperiod 19881992, and peak was
observed in 1993997. DF then decreased and remained since-1998 as
lowest DF was observed 20082012 BesidestheWestern part had relatively
shown high DF over the syferiods, except 1988992, 19931997 that
relatively showed high DFtastation5074001 and 4278004iven that the
location of the stations being near to seashore, the high DF could be affected by
the EINifio episodeghat had occurreth 19871988, 19911992, 19941995
and 19971998 that inhibited rainfall occurrence due to the increase in sea

surface temperature

In Region 2 DF between 3.5.8 were observed in syberiod 1988
1992. Majority of the aredsad showrDF betweem.7-5.8 whereby thevhole
regionhad showrhigher values oDF. In subperiod 19931997,DF between
4.1-5.2 were observed. Majority of thereashad showrDF betweerd.1-5.2,
whereby thavholeregionhad showrhigher values oDF. In subperiod 1998
2002 DF betweerb.0-7.6 were observed. Majority of the ardaasd showrDF
betweerb.0-6.2, whereby thavholeregionhad showrhigher values oDF. In
subperiod 20032007, ,DF betweerB.7-6.3were observed. Majority of the areas
had showrDF between3.7-6.3, whereby theNorth-West and Eastern paot
the regionhad shownhigher values oDF. In subperiod 2008012, DF
betweend.3-5.9 were observed. Majority of the ardaad showrDF between
4.3-5.9 whereby théNorthern and Southepart of the regiotad showrhigher
values ofDF. In subperiod 20132017, DF between3.4-6.5 were observed.
Majority of the areabad showrDF betweerb.0-6.5, whereby thevholeregion
had showrhigher values oDF, excepfor theNorth-West part

Over the six suiperiods, it was observed thagjority of the areabad

shownDF gradually decreased sinseb-period 19881992, and lowest DF was
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observed ir20032007. DF then increased and remained since-2002, and
highest DF was observed in 2023817.Besides most part of the region had
relatively shown high DF over the sypleriods, except 2002007, 200&012
that relatively showed high DR station1506034, 1405001, 1102019, 1201076
and other stations near to @Given the location of the stations being near to
seashore, the high DF could be affected by th&likb episodeghat had
occurredin 20022003, 20042005, 20062007 and 2002010 that inhibted

rainfall occurrence due to the increase in sea surface temperature.

In Region 3 DF between 2-3.0 were observed in syberiod 1988
1992. Majority of the aredsad showrDF betweerB.5-5.8 whereby thdzastern
and Westermpart of the regiormad shownhigher values oDF. In subperiod
19931997, DF betweerR.8-6.3were observed. Majority of the ardesd shown
DF betweent.1-5.2, whereby théVestern and Northenpart of the regiorad
shownhigher values oDF. In subperiod 1998002 DF betweer8.6-7.6were
observed. Majority of the aredmd showrDF between5.0-7.6, whereby the
Eastermpart of the regiomad showrhigher values oDF. In subperiod 2003
2007,DF betweer?.2-9.0 were observed. Majority of the ardaasd showrDF
between3.7-7.6, whereby theNorthern partof the regionhad showrhigher
values ofDF. In subperiod 20082012, DF between2.4-6.8 were observed.
Majority of the areakad showrDF betweer3.4-5.9, whereby theEasterrpart
of the regionhad shownrhigher values oDF. In subperiod 20132017, DF
betweenl.7-8.1 were observed. Majority of the areaad showrDF between
3.4-6.5 whereby theEastern and Westepart of the regiomad showrhigher
values ofDF.

Over the six sulperiods, it was observed thagjority of the areabad
shownDF gradually increased sinceibperiod 19881992, and peak DF was
observed in 1992002. DF then decreased and remained since-2003, and
lowest DF was observed in 20@812.Besidesthe Eastern part of the region
had elatively shown high DF over the spleriods, except 1998997, 2003
2007 that relatively showed high DEstation3754007, 3048026 and 3347003.
Given the location of these stations located in inland area, the high DF could be
affected by Banjaraama Alu rangewhich is located near to the statiombe

BanjaranTama Abucould blockthe North-EastMonsoon from reaching the
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stationswherebyone side of a mountain range may be rainy and the other side
may be a dry area, which lead to high DF in a speargea.

In Region 4 DF between 2:3l.6 were observed in syberiod 1988
1992. Majority of the aredsad showDF betweerB.5-4.6, whereby thd=astern
and Southermpart of the regiomad showrhigher values oDF. In subperiod
19931997,DF betweerb.3-7.5were observed. Majority of the ardesd shown
DF betweerb.3-6.3 whereby theNesternpart of the regiomad showrhigher
values ofDF. In subperiod 1998002 DF between5.0-7.6 were observed.
Majority of the areabad showrDF betweerb.0-6.2 whereby théNorthern and
SouthEastpart of the regiorhad shownrhigher values oDF. In subperiod
20032007,DF betweerb.0-7.6were observed. Majority of the ardssd shown
DF betweerb.0-6.3 whereby thevholeregionhad showrhigher values oDF.

In subperiod 2008012, DF between2.4-5.9 were observed. Majority of the
areahad showrDF betweerB.4-5.0, whereby theSouthEastpart of the region
had showrhigher values oDF. In subperiod 20132017,DF betweer3.4-4.9
were observed. Majority of thereashad showrDF betweer3.4-4.9, whereby
thewholeregionhad showrhigher values oDF.

Over the six sulperiods, it was observed thagjority of the areabad
shownDF gradually increased sincib-period 19881992, and peak DF was
observed in 1993997. DF then decreased and remained since-2008, and
lowest DF was observed in 202817.Besidesthe Eastern part of the region
had relatively shown high DF over the spériods, except 1998997 that
relatively showed high DFtastation5966001 and 596600&iven that the
location of these stations located in inland area, the high DF could be affected
by BanjaranCrockerrangewhich is located near to the statiof$ie Banjaran
Crocker could block the North-East Monsoon from reaching thstations,
wherebyone side of a mountain range may be rainy and the other side may be

a dry area, which lead to high DF in a specific area.

In Region 5 DF between 2-5%.8 were observed in syberiod 1988
1992. Majority of the aredsad showrDF betweerB.5-5.8, whereby thécastern
part of the regiomad showrhigher values oDF. In subperiod 19931997,DF
between2.8-5.2 were observed. Majority of the areagd showrDF between
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4.1-5.2 whereby thevhole regionhad showrhigher values oDF, exceptfor
the Central part. In suiperiod 19982002 DF betweer?.1-6.2 were observed.
Majority of the areaviad showrDF between3.6-6.2, whereby theNorth-East
and Southermpart of the regiomad showrhigher values oDF. In subperiod
20032007,DF betweerR.2-6.3were observed. Majority of the ardesd shown
DF between3.7-6.3, whereby theNestern, Southern and Central gast the
regionhad showrhigher values oDF. In subperiod 20082012,DF between
3.4-5.9 were observed. Majority of the arelaad shavn DF between3.4-5.0,
whereby theCentralpart of the regionad showrhigher values oDF. In sub
period 20132017,DF betweerl.7-6.5were observed. Majority of the ardzsd
shownDF between3.4-6.5, whereby theEasternpart of the regiomad shown
higher values oDF.

Over the six superiods, it was observed thagjority of the areabad
shownDF gradually increased and remained sisaeperiod 19881992, DF
then decreased during 199802, and lowest DF was observed in 2Q082.
DF then increasednd peak was observed in 26A@17.Besidesthe Eastern
part of the region had relatively shown high DF over theprinds, except
20032007, 200&012 that relatively showed high DE station 5361003,
5163002 and 506100Given the location of thesstations located in inland
area, the high DF could be affected thg BanjaranCrockerrangewhich is
located near to the stationghe BanjaranCrockercould blockthe North-East
Monsoon from reaching the statiomd)erebyone side of a mountain range may
be rainy and the other side may be a dry area, which lead to high DF in a specific

area.

In Region § DF between 1:3.6 were observed in syjeriod 1988
1992. Majority of the areabad shownDF between 2.3.4, wherebythe
Western part of the regidrad showrhigher values of DF. In sujperiod 1993
1997, DF between 2-8.3 were observed. Majority of the ardesl showrDF
between 4.5.2, whereby theWestern part of the regionad shownhigher
values of DF, excegor the Central part. In superiod 1998002, DF between
3.6-7.2 were observed. Majority of the ardssd showrDF between 5.2,
whereby theeastern part of the regidrad showrhigher values of DF. In sub
period 20032007, DF between 3.6.3 were observedlajority of the areabad
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shownDF between 5.3, whereby thewvhole part of the regiohad shown
higher values of DF, excefur the Central part. In suiperiod 20082012, DF
between 3.46.9 were observed. Majority of the ardesd showrDF between
3.4-5.0,whereby thaNVestern part of the regidrad showrhigher values of DF.
In subperiod 20132017, DF between 3:8.1 were observed. Majority of the
areashad showrDF between 3.46.5,whereby thaVestern and Eastern part of
the regiorhad showrhigher vdues of DF.

Over the six sulperiods, it was observed thagjority of the areabad
shownlowestDF in subperiod 19881992, DF then increased and remained for
the following periods until peak was observed in 2Q027. Besides the
Western part of theegion had relatively shown high DF over the -qabiods,
except 1998002, 20032007 that relatively showed high DR atation
3946001, 3945017, 465300Given the location of the stations being near to
seashore, the high DF could be affected by th&likb episodeghat had
occurredin 19971998, 20022003, 20042005 and 200&007 that inhibited

rainfall occurrence due to the increase in sea surface temperature.

In Region 7, DF between 2-3.0 were observed in syberiod 1988
1992. Majority of the areabad shownDF between3.55.8, whereby the
Westernpart of the regiommad showrhigher values oDF. In subperiod 1993
1997,DF betweer2.8-6.3were observed. Majority of the ardasd showrDF
betweernt.1-5.2 whereby the&Central and Northerpart of theregionhad shown
higher values ofDF. In subperiod 1998002 DF between3.6-6.2 were
observed. Majority of the aredsd showrDF between5.0-6.2, whereby the
Westermpart of the regiomad showrhigher values oDF. In subperiod 2003
2007,DF betweer.7-6.3 were observed. Majority of the ardaasd showrDF
betweerb.0-6.3 whereby theCentral parof the regiorhad showrhigher values
of DF. In subperiod 20082012,DF between3.4-6.8 were observed. Majority
of the areavhad showrDF betweend.3-5.0, whereby theSouthermpart of the
regionhad showrhigher values oDF. In subperiod 20132017,DF between
3.4-6.5 were observed. Majority of the arelaad showrDF between5.0-6.5,
whereby thevholeregionhad showrhigher values oDF, excepfor theEagern

part
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Over the six superiods, it was observed thagjority of the areabad
shownlowestDF in subperiod 19881992, DF then increased and remained for
the following periods until peak was observed in 2Q037. Besides the
Western and Central ga of the region had relatively shown high DF over the
subperiods, except 2068012 that relatively showed high DR atation
1018002, 11180025iven the location of these stations located in inland area,
the high DF could be affected by BanjararKelinkangrangewhich is located
near to the station§heBanjaranKelinkangrangecould blockthe SouthWest
Monsoon from reaching the statiomd)erebyone side of a mountain range may
be rainy and the other side may be a dry area, which lead to highel3patific

area.

In Region § DF between 2-5%.8 were observed in syberiod 1988
1992. Majority of the aredsad showrDF betweerB.54.6, whereby theCentral
part of the regiomad showrhigher values oDF. In subperiod 19931997,DF
betweerd.1-8.6 were observed. Majority of the areaad showrDF between
4.1-6.3 whereby thdeastern and Northeyarts of the regiorhad showrhigher
values ofDF. In subperiod 1998002 DF between3.6-7.6 were observed.
Majority of the areabad showrDF betweerb.0-6.2, whereby thaVesternpart
of the regionhad showrhigher values oDF. In subperiod 20032007,DF
between3.7-6.3 were observed. Majority of the arelagd showrDF between
5.0-6.3 whereby theeastern parof the regiorhad showrhigher values oDF.
In subperiod 2008012, DF between2.4-5.9 were observed. Majority of the
areashad showrDF betweerB.4-5.0, whereby theeastern and Westepart of
the regionhad shownhigher values ofDF. In subperiod 20132017, DF
betweenl.7-6.5 were observed. Bjority of the areabad showrDF between
3.4-4.9, whereby theeasterrpart of the regiomad showrhigher values oDF.

Over the six suiperiods, it was observed thagjority of the areabad
shownDF gradually increased isubperiod 19881992 and peak was observed
in 19931997, DF then decreased and remained for the following periods until
lowest was observed in 202®17.Besidesthe Eastern part of the region had
relatively shown high DF over the spleriods, except 1988992, B98-2002
that relatively showed high DR &tation 6062001, 6162003 and 5973001.

Given the location of the stations being near to seashore, the high DF could be
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affected by the ENifio episodeghat had occurrech 19871988, 19911992,
19971998 and 2002003that inhibited rainfall occurrence due to the increase

in sea surface temperature.

In Region 9 DF between 1.45.8 were observed in suberiod 1988
1992. Majority of the areabad shownDF between3.55.8 whereby the
Westernpart of the regiommadshownhigher values oDF. In subperiod 1993
1997,DF betweer2.8-6.3were observed. Majority of the ardasd showrDF
between4.1-5.2, whereby theéWesternpart of the regiorhad shownhigher
values ofDF. In subperiod 1998002 DF between3.6-7.6 were observed.
Majority of the areabad showrDF betweerb.0-6.2, whereby thaVesternpart
of the regionhad showrhigher values oDF. In subperiod 20032007,DF
between3.7-7.6 were observed. Majority of the arelagd showrDF between
5.0-6.3 wherely theWestern, Centre and Eastern parthe regiorhad shown
higher values ofDF. In subperiod 2008012, DF between3.4-5.9 were
observed. Majority of the aredmd showrDF between3.4-5.0, whereby the
Westernpart of the regiomad showrhigher valus of DF. In subperiod 2013
2017,DF betweerb.0-8.1 were observed. Majority of the ardaasd showrDF
betweerb.0-6.5, whereby thavholeregionhad showrhigher values oDF.

Over the six sulperiods, it was observed thagjority of the areabad
shownDF gradually increased isubperiod 19881992 and peak was observed
in 20032007, DF then decreased and lowest was observed in22008
Besidesthe Western part of the region had relatively shown high DF over the
subperiods, especiallgtation2614004, 2712001, 281700Q&iven the location
of the stations being near to seashore, the high DF could be affected by the El
Nifio episodeshat had occurresh 19871988, 19911992that inhibited rainfall

occurrence due to the irgase in sea surface tperature.

4.2.4 Summary

According to the studwith theSPF1, the occurrence ofie DF was the leasin

the subperiodof 19881992as compared to other spleriods.The peak DF

with the range of 16:38.9 had occurred in Region 3 of East Malaysia, and it
waspredicted that the high DF was caused by mountainous topography due to

the location of drought eventas for subperiod 19931997, the occurrence of
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DF was considered high among the-patiods.The pak DF with the range of
15.617.6 also occurred in Reign 3 of East Malaysia. By referring to the
location of drought events, it was predicted that high DF was caused by
mountainous topography as weldn average the occurrence of DF was
considered low irthe subperiod 1998002. Peak DF with the range 5.4

17.4 had occurred in Region 6 of East Malaysia, and it was caused by
mountainous topographitor subperiod 20032007, the occurrence of DF was
the highest among syferiods. Peak DF with the range of X366 was
observed in Region 1 of East Malayssd it was predicted that the high DF
was caused by BNlifio episodethat had happened in the pakte to its lgation

being near to seashofeor subperiod, 2008012, peak DF with the range of
13.716.0 was observed in Region 1 of East Malaysia. Wewst could be
caused by the mountainotopography due to its locationoFsubperiod 2013

2017, peak DF with the range of 18.1.7 was observed in Region 6 of East
Malaysia, and it could be causedgmst occurrence @l-Nifio episodes due to

its location being near to seasho@uerall, the SPF1 had showrthatthe peak

DF had occurred often theEastern and Central part of East Malaysia. Besides,
Region 1 and Region 3 had baivice showegeak DF Regardinghe location

of theDF, peak DF were nstly caused by mountainous topography rather than
due to previou&l-Nifio episodes.

As for SP43, the occurrence of DF waonsidered higlkluring thesub>
period 19881992as compared to other spleriods. Peak DF with the range of
9.0-10.4had occurred ifRegion 3 of East Malaysia, and it was predicted that
the high DF was caused by mountainous topography dtieetdocation of
drought eventsAs for subperiod 19931997, the occurrence of DF was
considered higlas well Peak DF with the range 8t810.0had occurred in
Region 3 of East Malaysia. By referring to the location of drought events, it was
predicted that high DF wasagsed by mountainous topograpliweragely
speaking the occurrence of DF was considered low in-gabod 19982002.
Peak DF wih the range 09.7-11.0 had occurred in Regiorob East Malaysia,
and it was caused by-Hlifio episodes due to its location being near to seashore.
For subperiod 20032007, pak DF with the range &4-10.6 was observed in
Region 3of East Malaysia, andwas predicted that the high DF was caused by
mountainous topographior subperiod, 2008012, peak DF with the range
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of 8.0-9.0 was observed in Regid®of East Malaysia. However, it could be
caused by the mountainotopography due to its locatioRor subperiod 2013
2017, peak DF with the range 8f3-10.0 was observed in Regiono8 East
Malaysia, and it could be caused by mountainous topograpbyerall, SP43
had showrthat peak DF had occurred often in Central part of East Malaysia.
BesidesRegion 3had showmmost occurrencpeak DF Regardinghe location
of DF, peak DF were mostly caused by mountainous topography rather than El
Nifio episodes.

For SP16, the occurrence of DF w#igh in subperiod 19881992 as
compared to other syteriods Peak DF with the range 6{9-7.0 had occurred
in Region 7of East Malaysia, and it was predicted that the high DF was caused
by mountainous topography duette location of drought eventas for sub
period 19931997, the occurrence of DF wie lowestamong the suiperiods.
Peak DF with the range Gt6-8.6 had occurred in Regiond® East Malaysia.
By referring to the location of drought events, it was predicted that high DF was
caused by ENifio episodes due to its location being near to seashoeeagely,
the ocairrence of DF was considered highsubperiod 1998002. Peak DF
with the range 07.7-9.6 had occurred in Regiono8 East Malaysia, and it was
caused by mountainous topograpliar subperiod 20032007,peak DF with
the range of7.7-9.0 was observed in Region & East Malaysia, and it was
predicted that the high DF was caused by mountainous topogifaphgub
period, 2008012, peak DF with the range ®i0-6.8 was observed in Region
3 of East Malaysia, aniticould be caused by the mmatainousopography due
to its location.For subperiod 20132017,the occurrence of DF is the highest
among the sulperiods. Rak DF with the range @.6-8.1 was observed in
Region 3of East Malaysia, and it could be caused by mountainous topography
dueto its locationIn overall, SPI6 had showrthat peak DF had occurred often
in Central part of East Malaysia. Besides, Regitia® shown most occurrence
of peak DF.Regardingthe location of DF, peak DF were mostly caused by

mountainous topography rattidanthe EI-Nifio episodes.
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4.3 Mean Drought Duration

43.1 SPI-1

The Mean Drought Dration MDD is determined by averaging the total of
drought duration of all drought events in the study peftd SPI at 2month
timescale was utilised in order to study the spatial variations of MDD as shown
in Figure 4.4Thecolour depth from yellow to red indicates the level of MDD

from lowest to highest category.
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Figure4.4: Mean Drought Duration maps of SPifor each 5yearssub-period
along 19882017.

In Region 1, MDD between 1.763.940 were observed in syeriod
19881992. Majority of the areabad shownMDD between 1.76@.850,
whereby theSouthEast of the regiomad showrhigher values of MDD. In sub



63

period 19931997, MDD between 1.163.190 were observed. Majority of the
areashad showrMDD between 1.162.180,whereby theEastern and Central
part of the regiomad showrhigher values of MDD. Iisub-period 1998002,
MDD between 1.37-B.428 were observed, majority of the areas showed MDD
betweenl.784.605,whereby theSouthEast of the regiomad showrhigher
values of MDD. In suiperiod 20032007, MDD between 1.125.550 were
observed. Majority of aredsad shownMDD between 1.93%2.742,whereby
the Easterrpartof the regiorhad showrhigher values of MDD. In superiod
20082012, MDD between 1.318.171 were observed. Majority of the areas
had showrMDD between 1.312.553,whereby thaNVestern part of the region
had showrhigher values of MDD. In superiod 20132017, MDD between
1.2174.772 were observed. Majority of the areas showed MDD betweer-1.21
2.995 whereby theCentral part of the regiamad showrhigher values of MDD.
Over the six sulperiods, it was observed that majority of the areas
shown MDD gradually decreased in syieriod 19881992 and lowest was
observed in 1993997, MDD thenncreased and remained for the following
periods, with a slight decreased in 2afIBl2. Peak MDD was observed in
20132017. Besidesthe Eastern part consistently showed relatively higher
MDD over the sufperiods, except for superiod 2008012 that relatiely
showed high MDD at station 526900&iven the location of these stations
located in inland area, the hi§fDD could be affected by Banjaramusmadi
which is located near to the stations. Banjararsmadicould blockthe North-
EastMonsoon from readhg the stationsyherebyone side of a mountain range
may be rainy and the other side may be a dry area, which lead thIBiDhn

a specific area.

In Region 2 MDD between 2.856.120 were observed in syleriod
19881992. Majority of the areabad shavn MDD between 2.855.030,
whereby theEastern part of the regidmad showrhigher values of MDD. In
subperiod 19931997, MDD between 1.169.200 were observed. Majority of
the areavad showrMDD between 2018B.190,whereby theEastern part of
the regon had showrhigher values of MDD. In superiod 1998002, MDD
between 2.198.428 were observed, majority of the areas showed MDD
between 2.198.017,whereby the€eastern and Westepartsof the regiorhad
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shownhigher values of MDD. In superiod 20032007, MDD between 1.935
5.167 were observed. Majority of ardasl showrMDD between 2.743.359,
whereby théWesternpart of the regionhad showrhigher values of MDD. In
subperiod 20082012, MDD between 1.93Z.407 were olerved. Majority of
the areas &d shownMDD between 2.558.789,whereby théNestern part of
the regionhad showrhigher values of MDD. In superiod 20132017, MDD
between 2.104.772 were observed. Majority of the areas showed MDD
between 2.104.772,whereby thaVestern part of theegionhad showrhigher
values of MDD.

Over the six sulperiods, it was observed that majority of the afreas
shownpeak MDD in sukperiod 19881992 and gradually decreased in 1993
1997, MDD then increased and remained for the following periods, witjha s
decreased in 2008012. MDD then decreased in 202812 and lowest was
observed in 2012017. Besidesthe Western part consistently showed
relatively higher MDD over the superiods, except for superiod 19881992
and subperiod 19931997 that relavely showed high MDD at station 1506034,
1506001 and 150508@Giventhatthe location of these stations located in inland
area, the higiMDD could be affected by Banjar&telinkangwhich is located
near to the stations. Banjarelinkangcould blockthe SouthWestMonsoon
from reaching the stationgherebyone side of a mountain range may be rainy

and the other side may be a dry area, which lead taMiib in a specific area.

In Region 3 MDD between 1.767.210 were observed in syeriod
198819R. Majority of the areahad shownMDD between 1.76€8.940,
whereby théNestern part of the regidmad showrhigher values of MDD. In
subperiod 19931997, MDD between 1.373.017 were observed. Majority of
the areaviad showrMDD between 1.162.180,whereby theWestern part of
the regionhad showrhigher values of MDD. In superiod 1998002, MDD
between 1.37-B.017 were observed, majority of the areas showed MDD
between 1.7842.605,whereby theWestern of the regiohad shownhigher
values of MDD. In sb-period 20032007, MDD between 1.93%.359 were
observed. Majority of areasad shownVIDD between 1.93%8.550,whereby
theWesternpartof the regiorhad showrhigher values of MDD. In superiod
20082012, MDD between 1.318.407 were observed. Majoritf the areas
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had showrMDD between 1.932.553,whereby thaNVestern part of the region
had showrhigher values of MDD. In superiod 20132017, MDD between
2.1075.661 were observed. Majority of the areas showed MDD between-2.107
3.883,whereby théVestermpart of the regioimad showrhigher values of MDD.
Over the six superiods, it was observed that majority of the atess
shownpeak MDD in subperiod 19881992 and decreased to lowest in 1993
1997, MDD then increased and remained for the following periods. MDD then
decreased and maintained in the following periods. Bedide¥Yestern part
consistently showed relatively higherND over the sulperiods especially at
station 2333001Giventhatthe location of these stations &ted in inland area,
the high MDDcould be affected by Pergunungan Iran and Pergunungan Hose
which are located near to the stations. Pergunungan IranldouldNorthEast
Monsoon, whereas Pergunungan Hose could bilbelSouthWest Monsoon
from reaching those stations.

In Region 4 MDD between 1.76%.030 were observed in syeriod
19881992. Majority of the areabad shownMDD between 1.76{3.940,
wherely theNorth-East part of the regidmad showrhigher values of MDD. In
subperiod 19931997, MDD between 1.163.190 were observed. Majority of
the areaviad showrMDD between 1.162.180,whereby theNorth-West part
of the regiorhad showrhigher values of MDD. In superiod 1998002, MDD
between 1.372.605 were observed, majority of the areas showed MDD
between 1.784.605,whereby theCentral, Northern and Westepartsof the
region had shownhigher values of MDD. In superiod 20032007, MDD
between 2.743.550 were observed in whole region. In-gdsiod 20082012,
MDD between 1.312.553 were observed. Majority of the ardesl shown
MDD between 1.932.553,wherebymost pars of the regiorhad showrhigher
values of MDD, except fothe Northern part. In superiod 20132017, MDD
between 2.10B.883 were observed. Majority of the areas showed MDD
between 2.10:2.995,whereby thanost of the regiolad showrhigher values
of MDD.

Over the six suiperiods, it was observed that majoutiythe areasiad
shownpeak MDD in sukperiod 19881992 and decreased to lowest in 1993

1997, MDD then increased and remained for the following periods, with a slight
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decreased in 2068012. BesidegheNorthern parhad shownelatively higher

MDD, espeially at station 5966001 and 59660@dven the location of these
stations located in inland area, the high MDD could be affected by Banjaran
Crockerwhich is located near to the stations. Banja&anckercould blockthe
North-East Monsoon from reachinthe stations,whereby one side of a
mountain range may be rainy and the other side may be a dry area, which lead
to high MDD in a specific area

In Region 5 MDD between 1.763.940 were observed in syleriod
19881992. Majority of the areabad shownMDD between 1.76@.850,
whereby theNorth-West part of the regiohad showrhigher values of MDD.

In subperiod 19931997, MDD between 1.163.190 were observed. Majority
of the areabad showrMDD between 1.162.180 whereby thé&SouthEast part
of the rggionhad showrhigher values of MDD. In superiod 1998002, MDD
between 1.37-2.605 were observed, majority of the areas showed MDD
between 1.784.194,whereby theNorth-Eastpart of the regionhad shown
higher values of MDD. In superiod 20032007, MED between 1.128.550
were observed, majority of the areas showed MDD between -2.932,
whereby theNorth-Westpartof the regiorhad showrhigher value of MDD. In
subperiod 20082012, MDD between 1.318.553 were observed thewhole
region. In sukperiod 20132017, MDD between 2.163.883 were observed.
Majority of the areas showed MDD between 2-20395,wherebymost of the
regionhad showrhigher values of MDD, except fthhe SouthEast part.

Over the six suiperiods, it was observed that majpritf the areavad
shown MDD gradually decreased in sygeriod 19881992 and lowest was
observed in 1993997. MDD then increased and remained for the following
periods, and peak MDD was observed in 2Q037. Besidegshe Northern part
had showrrelatively higher MDD except for syberiod 19931997 and sub
period 20132017 that relatively showed high MDD at station 4764002. Given
the location of the stations being near to seashore, the high MDD could be
affected by the ENifio episodesghat had ocurredin 19941995, 19971998,
20142015 and 2012016 that inhibited rainfall occurrence due to the increase

in sea surface temperature.
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In Region § MDD between 1.766.030 were observed in syleriod
19881992. Majority of the areabad shownMDD between 1.76€R.850,
whereby theCentral of the regiommad showrhigher values of MDD. In sub
period 19931997, MDD between 1.163.190 were observed. Majority of the
areashad shownMDD between 1.162.180,whereby theSouthEast part of
the regionhad showrhigher values of MDD. In superiod 1998002, MDD
between 1.37-B.017 were observed, majority of the areas showed MDD
between 1.7842.605 whereby théNorthern part of the regidmad showrhigher
values of MDD. In suiperiod 20032007, MDD between 1.93%.359 were
observed, majority of the areas showed MDD between 139, whereby
the North-East of the regiomad shownrhigher value of MDD. In suiperiod
20082012, MDD between 1.318.789 were observed. Majority of the areas
showed that MDD occurred tveeen 1.318.553,whereby theNorthern part
had shownhigher value of MDD. In superiod 20132017, MDD between
2.107%3.883 were observed in whole regiovhereby theNestern and Central
parts had showrhigher values of MDD.

Over the six sulperiods, itwas observed that majority of the arbasl
shown MDD gradually decreased in sygeriod 19881992 and lowest was
observed in 1993997. MDD then increased and remained for the following
periods, and peak MDD was observed in 2Q027. Besideghe Northernpart
had shownelatively higher MDD except for syberiod 19881992, 19931997
and sukperiod 20132017 that relatively showed high MDD at station 3946001,
4955002 and other stations near to it. Given the location of the stations being
near to seashorthe high MDD could be affected by the-Rifio episodeshat
hadhappened in 1987988, 19911992, 19941995, 19971998, 20142015 and
20152016 that inhibited rainfall occurrence due to the increase in sea surface

temperature.

In Region 7, MDD between 17.60-5.030 were observed in syeriod 1.
Majority of the areashad shownMDD between 1.76(3.940, whereby the
SouthEast of the regiohad showrhigher values of MDD. In superiod 1993
1997, MDD between 1.169.200 were observed. Majority of the ardexl
shownMDD between 1.1698.190,whereby theSouthEast part of the region
had showrhigher values of MDD. In superiod 1998002, MDD between
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1.7483.017 were observed, majority of the areas showed MDD between 1.784
2.605,whereby théVestern part of theegionhad showrhigher values of MDD.

In subperiod 20032007, MDD between 1.93%.359 were observed, majority

of the areas showed MDD between 1:&3550,whereby théWestern of the
region had shownhigher value of MDD. In suiperiod 20082012, MDD
between 1.3183.789 were observed. Majority of the areas showed MDD
occurred between 1.93%.171,whereby theWestern parhad shownhigher
value of MDD. In sukperiod 20132017, MDD between 2.162.772 were
observed. Majority aredsad showrMDD between 2.102.995,whereby the
Western parhad showrhigher values of MDD.

Over the six sulperiods, it was observed that majority of the afeas
shown MDD gradually decreased in syieriod 19881992 and lowest was
observed in 1993997. MDD then increased and ramed, peak MDD was
observed in 2002007. MDD then decreased and remained in the following
periods. BesidesheWestern parhad showmnelatively higher MDD except for
subperiod 19881992, 19931997 that relatively showed high MDD at station
1220025, 1018002. Given the location of the stations being near to seashore, the
high MDD could be affected by the-Blifio episodeghat had occuedin 1987
1988, 19911992, 19941995, 19971998 that inhibited rainfall occurrence due

to the increase in sea surface temperature.

In Region § MDD between 1.763.940 were observed in syleriod
19881992. Majority of the areabad shownMDD between 1.80-3.940,
whereby theNorthern part of the regiohad showrhigher values of MDD. In
subperiod 19931997, MDD between 1.169.200 were observed. Majority of
the areaiad showrMDD between 2.18B.190,whereby theNorthern part of
the regionhad showrhigher values of MDD. In superiod 199&002, MDD
between 1.37-B.017 were observed, majority of the areas showed MDD
between 1.7842.605,whereby théNorthern part of the regidmad showrhigher
values of MDD. In suiperiod 20032007, MDD between 1.935%.39 were
observed, majority of the areas showed MDD between 237880, whereby
theNorthernpartof the regiorhad showrhigher value of MDD. In suiperiod
20082012, MDD between 1.318.171 were observed. Majority of the areas
showed that MDD occurred lve¢en 1.3183.2.553 whereby theNorthern part
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had showrhigher values of MDD. In superiod 20132017, MDD between
2.1074.772 were observed. Majority ardagd shownMDD between 2.107
3.883,whereby theNorthern parhad showrhigher values of MDD.

Overthe six sukperiods, it was observed that majority of the afreas
shownpeak MDD was observed in syferiod 19881992. MDD then decreased
and remained, lowest MDD was observed in 200&82. MDD then increased
in the following periods. Besideshe Northen part had relatively shown
relatively higher MDD, especially at station 6670001, 6868001, 6868002.
Given the location of the stations being near to seashore, the high MDD could
be affected by the ENlifio episodeshat had occurreith 19871988, 19911992
19941995, 19971998, 2002003, 20042005, 20062007, 20092010, 2014
2015 and 2012016 that inhibited rainfall occurrence due to the increase in sea

surface temperature.

In Region 9 MDD between 1.169.200 were observed in syeriod
19881992. Magprity of the areashad shownMDD between 1.16%.190,
whereby theNorthern part of the regionad showrhigher values of MDD. In
subperiod 19931997, MDD between 1.784.428 were observed. Majority of
the areashad shownVIDD between 1.7842.605,whereby he Eastern part of
the regionhad showrhigher values of MDD. In superiod 1998002, MDD
between 1.784.428 were observed, majority of the areas showed MDD
between 1.784.605,whereby theeastern part of the regidrad showrhigher
values of MDD. In sb-period 20032007, MDD between 1.93%.359 were
observed, majority of the areas showed MDD between ZB7/5E),whereby
the Western part of the regidmad showrhigher value of MDD. In suiperiod
20082012, MDD between 1.318.789 were observed. Majoritf the areas
showed that MDD occurred between 1.93353,whereby theWestern part
had showrhigher MDD value. In sulperiod 20132017, MDD between 1.217
4.772 were observed. Majority arelaad shownMDD between 2.10-8.883,
whereby thaNestern parhad fiownhigher values of MDD.

Over the six sulperiods, it was observed that majority of the areas
shownpeak MDD was observed in syeriod 19881992. MDD then decreased
and remained, lowest MDD was observed in 22997. MDD then increased

and remained in the following periods. Besidixg Western parhad shown
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relatively higher MDD, except for syberiod 19931997 and 1992002 that
relatively showed high MDD at station 3234022 and 2920005. Given the
location of the stations being near to seashore, the high MDD could be affected
by the EiNifio episodeghat had occurreth 19941995, 19971998, 20022003

that inhibited rainfall occurrence due to therease in sea surface temperature.

4.3.2 SPI-3

Mean drought duration is determined by averaging the total of drought duration
of all drought events in the study period. SPI-at@th timescale was utilised

in order to study the spatial variations of MDD as shown in FigureThé.
colour depth from yellow to red indicates the level of MDDnfir lowest to

highest category.
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Figure4.5: Mean Drought Duratiomaps of SRB for each 5years sulperiod
along 19882017.
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In Region 1, MDD between2.8177.096were observed in syeriod
19881992. Majority of the areabad shownMDD between2.8177.096,
whereby thdeastern, Western and Southeart of the regiomadshownhigher
values ofMDD. In subperiod 19931997, MDD between2.4349.593 were
observed. Majority of the arehad showrMDD betweer?.4346.013 whereby
the Easterrpart of the regiormad showrhigher values oMDD. In subperiod
19982002 MDD betwea 2.2737.185were observed. Majority of the areas
had showrMDD betweern3.25%5.22Q whereby theCentralpart of the region
had showrhigher values oMDD. In subperiod 20032007, MDD between
2.1677.496 were observed. Majority of the areaad shownMDD between
3.5006.163 whereby thecastern parof the regiorhad showrhigher values of
MDD. In subperiod 2008012, MDD between2.2357.254 were observed.
Majority of the areashad shownMDD between3.2405.246 whereby the
Westernpart of the regiorhad shownhigher values oMDD. In subperiod
20132017,MDD betweenl.34815.931were observed. Majority of the areas
had showrMDD betweed.3487.181, whereby theEastermpart of the region
had showrhigher values oMDD.

Over the six sulperiods, it waobserved thatajority of the areabad
shown MDD decreased isubperiod 19881992. MDD then decreased and
remained since superiod 1998002, peak and lowest MDD was observed in
20132017. Besidesthe Eastern part had relatively shown higher MDD over
the subperiods, except for 2063007 and 2002012 that relatively showed
high MDD at station 5181001 and 52690@iven the location of the stations
being near to seashore, the MBD could be affected by the Hlifio episodes
that had occurreth 20022003, 20042005, 20062007 and 2002010 that

inhibited rainfall occurrence due to the increase in sea surface temperature.

In Region 2 MDD between4.597%7.096were observed in syberiod
19881992.The whole regiorhad showrMDD between2.817%7.096.In sub-
period 19931997,MDD betweerd.2257.803were observed. Majority of the
areashad showrMDD between4.2256.013 whereby theNorth-Westpart of
the regionhad showrhigher values oMDD. In subperiod 1998002 MDD
betweend.2396.202were observed. Bjority of the areaviad shownMDD
betweem.2396.202 whereby théNorthernpart of the regiohad showrhigher
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values ofMDD. In subperiod 20032007,MDD between3.5007.496 were
observed. Majority of the arehad showrMDD betwee.8327.496 wherely
theNorthern parof the regiorhad showrhigher values oMDD. In subperiod
20082012,MDD betweerd.2447.254were observed. Majority of the areas
had showrMDD betweerb.2477.254 whereby théNorthernpart of the region
had showrhigher values oMDD. In subperiod 20132017, MDD between
4.26510.097were observed. Majority of the arelaad showrnVIDD between
4.2657.181, whereby theNorthernpart of the regiomad showrhigher values
of MDD.

Over the six superiods, it was observed thagjority of the areadad
shown MDD decreased subperiod 19881992. Lowest MDD was observed
in 19931997, MDD then increased as Peak MDD was observed in2003.
MDD then decreased and remained in the following periods. Bedides,
Eastern part had relativebhown higher MDD over the stgeriods, especially
at station 1996090 and 18970%&ven the location of the stations being near
to seashore, the higiDD could be affected by the Hifio episodeshat had
occurredin 19871988, 19911992, 19941995, 19971998, 2002003, 2004
2005, 20062007, 20092010, 20142015 and 20122016that inhibited rainfall

occurrence due to the increase in sea surface temperature.

In Region 3 MDD between2.8179.235were observed in superiod
19881992. Majority of the areabad shownMDD between2.187%7.096
whereby theSouthernpart of the regiomad showrhigher values oMDD. In
subperiod 19931997,MDD betweer.4344.224were observed. Majority of
the areashad shownMDD between2.4344.224 whereby theEastern and
Westernpars of the regionhad showrhigher values oMDD. In subperiod
19982002 MDD between2.2736.202were observed. Majority of the areas
had showrMDD betweer3.257%5.22Q whereby theaVesternpart of the region
had showrhigher valueof MDD. In subperiod 20032007, MDD between
2.1676.163were observed. Majority of the arehad shownVIDD between
2.167%4.831, whereby theSouthern and Northern padf the regiorhad shown
higher values oMDD. In subperiod 20082012, MDD between2.235-7.254
were observed. Majority of the arebad shownMDD between4.2446.25Q
whereby theSouthernpart of the regiormad showrhigher values oMDD. In
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subperiod 20132017,MDD betweerl.34810.097were observed. Majority of
the areadhad shownMDD beween4.2657.181 whereby theSouthern and
Westernpars of the regiorhad showrhigher values oMDD.

Over the six sulperiods, it was observed thagjority of the areabad
shown MDD decreased and remained sisobperiod 19881992. Lowest
MDD was observed in 2063007. MDD then increased and remained in the
following periods. Besidesthe Western and Southern pathad relatively
shown higher MDD over the syieriods.Given that the location of these
stations loated ininland area, the highlDD could be affected by Pergunungan
Iran and Pergunungan Hose which are located near to the stations. Pergunungan
Iran could block NortfEast Monsoon, whereas Pergunungan Hose could block

the SouthWest Monsoon from reaching thogdatsns.

In Region 4 MDD between2.8179.235were observed in speriod
19881992. Majority of the areabad shownMDD between4.9577.096
whereby theNorthernpart of the regiormad showrhigher values oMDD. In
subperiod 19931997,MDD betweer2.434-6.013were observed. Majority of
the areafiad showrMDD betweer2.4344.224 whereby theNorthernpart of
the regionhad showrhigher values oMDD. In subperiod 1998002 MDD
between2.2735.220were observed. Majority of the arebad shownMIDD
between3.2574.238 whereby theCentrepart of the regiomad showrhigher
values ofMDD. In subperiod 20032007, MDD between3.5006.163were
observed. Majority of the arehad showmMDD betweerB8.5064.831, whereby
thewholeregionhad showrhigher values oMDD. In subperiod 20082012,
MDD between2.2355.246 were observed. Majority of the arelaad shown
MDD betweert.2445.246 whereby thavholeregionhad showrhigher values
of MDD, except Northern partn subperiod 20132017,MDD betweenl.348
7.181were observed. Majority of the arelasd showrnMIDD betweenl.348
4.264 whereby théVesterrpart of the regiolad showrhigher values oMDD.

Over the six sulperiods, it was observed thagjority of the areabad
shown peak MDD was obsed insub-period 19881992. MDD then decreased
and maintained in 199B997. Lowest MDD was observed in 262317.
Besides,the Northern part had relatively shown higher MDD over the-sub
periods, except for 1998002, 2008012 and 2012017 that had retevely
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shown higher MDD at station 5966001 and 5966@Jgen the location of these
stations located in inland area, the high Mb@uld be affected by Banjaran
Crockerwhich is located near to the stations. Banja&anckercould blockthe
North-East Monson from reaching the stationsyhereby one side of a
mountain range may be rainy and the other side may be a dry area, which lead
to high MDD in a specific area.

In Region 5 MDD betweer2.81711.374were observed in syeriod
19881992. Majority of theareashad shownMDD between4.957%7.096
whereby theNorthernpart of the regiormad showrhigher values oMDD. In
subperiod 19931997,MDD betweer2.4346.013were observed. Majority of
the areathad shownMDD between2.4344.224 whereby theNorthern and
SouthEastpart of the regiomad showrhigher values oMDD. In subperiod
19982002 MDD between2.2734.238were observed. Majority of the areas
had showrMDD between3.257%4.238 whereby theCentre and Southefpart
of the regiorhad showrhigher values ofDD. In subperiod 20032007,MDD
between3.5006.163were observed. Majority of the arebad shownMDD
between3.5004.831 whereby theNorth-West partof the regionhad shown
higher values oMDD. In subperiod 20082012, MDD between2.2355.246
were observed. Majority of the arelaad showrMDD betweend.2445.246
whereby théWesternpart of the regiorhad showrhigher values oMDD. In
subperiod 20132017,MDD betweeril.3487.181were observed. Majority of
the areaviad showrMDD betweenl.3484.264 whereby theSouthEastpart
of the regiorhad showrhigher values oMDD.

Over the six suiperiods, it was observed thagjority of the areabad
shown peak MDD was observedsub-period 19881992. MDD then decreased
and maintained in 199B997. Lowest MDD was observed in 202317.
Besides,the Southern and Northern parad relatively shown higher MDD
over the sufperiods, except for 2008012 that had relatively shown higher
MDD at station 4959001Given the location of these stations located in inland
area, the high MDxould be affected by Banjaran Crockeinich is located
near to the stations. Banjar&rockercould blockthe North-East Monsoon
from reaching the stationgherebyone side of a mountain range may be rainy

and the other side may be a dry area, which lead to high MDD in a specific area.
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In Region § MDD betweer?2.81711.374were observed in syeriod
19881992. Majority of the areabad shownMDD between2.8177.096
whereby theCentralpart of the regiorhad showrhigher values oMDD. In
subperiod 19931997,MDD betweer2.4347.803were observed. Majority of
the areafiad showrMDD betweer2.4346.013 whereby theNorthernpart of
the regionhad showrhigher valuef MDD. In subperiod 1998002 MDD
between2.2736.202were observed. Majority of the aread shownMIDD
betweer3.257%4.238 whereby thaVesterrpart of the regiomad showrhigher
values ofMDD. In subperiod 20032007, MDD between2.167%6.163were
observed. Majority of the arehad showrMDD betweer?.1674.831, whereby
theNorthern parbf the regiorhad showrhigher values oMDD. In subperiod
20082012,MDD between3.2406.250were observed. Majority of the areas
had showrMDD betweem.244-5.246 whereby théNorthernpart of the region
had showrhigher values oMDD. In subperiod 20132017,MDD between
1.3487.181were observed. Majority of the arehad shownMDD between
1.3487.181 whereby theNestern and Northerpart of the regioad shown
higher values oMDD.

Over the six sulperiods, it was observed thagjority of the areabad
shown MDD gradually decreased sinsebperiod 19881992. MDD then
increased and maintained in 20P@12. Peak and lowest MDD was observed
in 20132017.Besidesthe Northern part had relatively shown higher MDD
over the sulperiods, except for 1988992, 1998002 that had relatively
shown higher MDD at station 3945017 and 3637@ltenthatthe location of
the stations being near to seashore, the MBID could be affected by the El
Nifio episodeshat had occurreth 19871988, 19911992, 19971998, 2002
2003 that inhibited rainfall occurrence due to the increase in sea surface

temperature.

In Region 7 MDD between2.817%7.096were observed in syberiod
19881992. Majority of the areabad shownMDD between2.8177.096
whereby theNorthernpart of the regiormad showrhigher values oMDD. In
subperiod 19931997,MDD betweer2.4347.803were observed. Majority of
the areasiad showrMDD betweern2.4346.013 whereby theSouthermpart of
the regionhad showrhigher values oMDD. In subperiod 1998002 MDD
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between2.2736.202were observed. Majority of the arehad shownMDD
betweerB.257%5.22Q whereby theCentralpart of the regiomad showrhigher
values ofMDD. In subperiod 20032007, MDD between2.167%6.163were
observed. Majority of the arehad showrMDD betweerR.1674.831, whereby
theWestern parof the regiorhad showrhigher values oMDD. In subperiod
20082012,MDD between3.2466.250were observed. Majority of the areas
had showrMDD betweem.2445.246 whereby theNVesternpart of the region
had showrhigher values oMDD. In subperiod 20132017, MDD between
1.3487.181were observed. Majority of the arehad shownMDD betweea
4.2657.181 whereby thevholeregionhad showrhigher values oMDD.

Over the six sulperiods, it was observed thagjority of the areabad
shown MDD gradually decreased sirsedrperiod 19881992, and lowest was
observed in 20062007. MDD then increased and maintained in 2R082.
Peak MDD was observed in 202817. BesidesheWestern part had relatively
shown higher MDD over the sygeriods, except for 1988992, 19931997,
19982002 that had relatively shown higher MDD at station 1007040 and
1313006 Giventhatthe location of the stations being near to seashore, the high
MDD could be affected by the Hifio episodethat had occurrexh 19871988,
1991-1992, 19971998, 20022003that inhibited rainfall occurrence due to the

increase in sea surface temperature.

In Region § MDD betweer2.81711.374were observed in swperiod
19881992. Majority of the areabad shownMDD between4.9579.235
whereby théNesternpart of the regiohad showrhigher values oMDD. In
subperiod 19931997,MDD betweer2.4347.803were observed. Majority of
the areashad shownMDD between2.4346.013 whereby theNorthern,
Western and Eastepars of the regiorhad showrhigher values oMDD. In
subpeiod 19982002 MDD betweer2.2736.202were observed. Majority of
the areashad shownMDD between3.25%5.22Q whereby theCentral and
Easternpars of the regionhad showrhigher values oMDD. In subperiod
20032007,MDD between2.16%6.163were observed. Majority of the areas
had showrMDD betweer2.16%4.831 whereby theNorthern and Central part
of the regiorhad showrhigher values aiDD. In subperiod 200&012,MDD
between2.2355.246 were observed. Majority of the arekad shownMDD
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betweer2.2354.243 whereby thaVesterrpart of the regiomad showrhigher

values ofMDD. In subperiod 20132017,MDD betweenl.34810.097were

observed. Majority of the arehad showrMDD betweerl.3487.181, whereby
the Central, Eastern and Northgoars of the regiorhad showrhigher values
of MDD.

Over the six superiods, it was observed thagjority of the areabad
shown peak MDD insubperiod 19881992. MDD then decreased and
maintained, as lowest MDD was observed in 20037. Besideghe Western
and Eastern pathad relatively shown higher MDD over the spériods,
except for 2002007 that had relatively shown higher MDD at station 6670001
and 6770001Given the location of the stations being near to seashore, the high
MDD could be affeted by the ENifio episodethat had occurreh 20022003,
20042005 and 200@007that inhibited rainfall occurrence due to the increase

in sea surface temperature.

In Region 9 MDD betweer2.817#13.513were observed in sueriod
19881992. Majority of the areabad shownMDD between2.817%7.096
whereby theSouthernpart of the regiormad showrhigher values oMDD. In
subperiod 19931997,MDD betweer2.4347.803were observed. Majority of
the areashad shown MDD between2.4346.013 whereby theNorthern,
Western and Eastepars of the regiorhad showrhigher values oMDD. In
subperiod 1998002 MDD betweem.2337.185were observed. Majority of
the areaviad showrMDD betweend.2396.202 wherebythe Westernpart of
the regionhad showrhigher values oMDD. In subperiod 20032007,MDD
between2.1676.163were observed. Majority of the aread shownVDD
betweer2.1674.831, whereby thaVestern parof the regiorhad showrhigher
values ofMDD. In subperiod 20082012, MDD between3.2406.250 were
observed. Majority of the arehad showrMDD betweer8.24065.246 whereby
the Westernpart of the regiomad showrhigher values oMDD. In subperiod
20132017,MDD betwee.26510.097were observed. Majority of the areas
had showrMDD betweem.2657.181 whereby thaVesternpart of the region
had showrhigher values oMDD.

Over the six suiperiods, it was observed thagjority of the areabad
shown peak MDD insubperiod 19881992. MDD then decreased and
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maintained, as lowest MDD was observed in 12997. MDD then increased

and maintained in the following periods. Besiddse Western part had
relatively shown higher MDD over the sipleriods, except for 1988992 that

had relativey shown higher MDD at station 2325033iven the location of

these stations located in inland area, the high MfbDId be affected by
Banjaran Kapuas Hulwhich is located near to the stations. Banjafapuas

Hulu could blockthe SouthWestMonsoon from eaching the stationghereby

one side of a mountain range may be rainy and the other side may be a dry area,

which lead to high MDD in a specific area.

4.3.3 SPI-6

Mean drought duration is determined by averaging the total of drought duration
of all drought events in the study period. SPI-at@th timescale was utilised

in order to study the spatial variations of MDD as shown in FigureThé.
colour depth from yow to red indicates the level of MDD from lowest to

highest category.
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Figure4.6: Mean Drought Duration maps of S€ffor each 5years sukperiod
along 19882017.

In Region 1, MDD between3.47918.136were observed in sueriod
19881992. Majority of the areabad shownMDD between3.47310.808
whereby theEasternpart of the regiorhad showrhigher values oMDD. In
subperiod 19931997,MDD betweert.70214.841were observed. Majorityfo
the areatiad shownMDD betweend.7029.771, whereby theEasternpart of
the regionhad showrhigher values oMDD. In subperiod 19982002 MDD
betweend.52111.912were observed. Majority of the arelagd showrMDD
betweent.5218.216 whereby théeasern and Southenpars of the regiorhad
shownhigher values oMDD. In subperiod 20032007,MDD betweem.09%
13.621were observed. Majority of the ardasd showrMDD betweed.097%
8.858 whereby theSouthern and Eastern paof the regiorhad showrhigher
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values ofMDD. In subperiod 20082012, MDD between2.35015.560were
observed. Majority of the arehad showrMDD betweer?.3567.634 whereby
the SouthEastpart of the regiorhad showrhigher values oMDD. In sub
period 201322017,MDD betweer8.00914.951were observedviajority of the
areashad showrMDD between3.0098.98Q whereby theEastern parof the
regionhad showrhigher values oMDD.

Over the six sulperiods, it was observed thagjority of the areabad
shown peak MDD insubpeiod 19881992. MDD then decreased and
maintained, as lowest MDD was observed in 200&82. MDD then increased
in the following period. Besideshe Eastern part of the region had relatively
shown high MDD over the syberiods, especially at station 448608dd
5181001.Given the location of the stations being near to seashore, the high
MDD could be affected by the Hlifio episodeghat had occurreth 20032010
that inhibited rainfall occurrence due to the increase in sea surface temperature.

In Region 2 MDD between 3.479.0.808were observed in sueriod
19881992. Majority of the areabad shownMDD between3.47310.808
whereby thewhole region had shownhigher values oMDD. In subperiod
19931997,MDD between4.7027.236were observed. Majority ahe areas
had showrMDD betweend.7027.236 whereby thevhole regionhad shown
higher values oMDD. In subperiod 19982002 MDD betweerd.5216.368
were observed. Majority of the arelasd shownMDD between4.5216.368
whereby thewhole region had shownhigher values oMDD. In subperiod
20032007,MDD between4.097%8.858were observed. Majority of the areas
had showrMDD between.0978.858 whereby theCentral parbf the region
had showrhigher values oMDD. In subperiod 20082012, MDD betwea
4.9937.634were observed. Majority of the arehad shownMDD between
4.9937.634 whereby thewhole regionhad showrhigher values oMDD. In
subperiod 20132017,MDD betweer3.0098.980were observed. Majority of
the areadhad shownMDD between3.0095.994 whereby theNorthern and
North-Westpart of the regiorhad showrhigher values oMDD.

Over the six suiperiods, it was observed thagjority of the areabad
shown peak MDD insubperiod 19881992. MDD then decreased and

maintained, as lowest DD was observed in 2013017. Besides, whole part of
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the region had relatively shown high MDD over the-pebiods, except for
20032007, 20122017 that had relatively shown high MDD at station 1603058,
1704013 and 120107&.iven the location of the statie being near to seashore,
the highMDD could be affected by the ifio episodeshat had occurredh
20022003, 20042005, 20062007, 20142015 and 2012016 that inhibited

rainfall occurrence due to the increase in sea surface temperature.

In Region 3 MDD between 3.479.8.136were observed in suyeriod
19881992. Majority of the areabad shownMDD between3.47910.808
whereby theNorthernpart of the regiormad showrhigher values oMDD. In
subperiod 19931997,MDD betweer2.1669.771were obsered. Majority of
the areasiad showrMDD betweent.7027.236 whereby theCentral, Eastern
and Westerparts of the regiorhad showrhigher values dvDD. In subperiod
19982002 MDD between2.6728.216were observed. Majority of the areas
had showrMDD beaween4.5216.368 whereby theCentralpart of the region
had showrhigher values oMDD. In subperiod 20032007, MDD between
1.7158.858were observed. Majority of the arehad shownMDD between
4.0976.477 whereby theSouthern parof the regiorhadshownhigher values
of MDD. In subperiod 20082012 ,MDD betweer2.35012.918were observed.
Majority of the areashad shownMDD between2.35310.276 whereby the
Centralpart of the regiohad showrhigher values a¥iDD. In subperiod 2013
2017,MDD between3.00911.965were observed. Majority of the arehad
shownMDD betweer3.0098.98Q whereby theSoutherrpart of the regiomad
shownhigher values oMDD.

Over the six suiperiods, it was observed thagjority of the areabad
shown peak MDD n subperiod 19881992. MDD then decreased and
maintained, as lowest MDD was observed in 20082. MDD then increased
in the following period. Besideshe Central and Southern panf the region
had relatively shown high MDD over the spbriods, excegbr 19881992 that
had relatively shown high MDD at station 37540G#en the location of these
stations located in inland area, the high Mbauld be affected by Banjaran
Tama Abuwhich is locatedhear to the stations. Banjaran Tama Abuld block
the North-East Monsoon from reaching the statiombierebyone side of a
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mountain range may be rainy and the other side may be a dry area, which lead
to high MDD in a specific area.

In Region 4 MDD between 3.479.8.136were observed in syeriod
19881992. Majority of the areashad shownMDD between3.47910.808
whereby thewhole region had showrhigher values oMDD, exceptfor the
Southern partin subperiod 19931997, MDD between2.1667.236 were
observed. Majority of the arehad showrMDD betwee.702-7.236 whereby
thewholeregionhad showrhigher values oMDD, exceptfor theEastern part.
In subperiod 1998002 MDD betweer2.6726.368were observed. Majority
of the areaviad showrMDD betweem.5216.368 whereby thavholeregion
had showrhigher values oMDD, exceptfor the Northern part In subperiod
20032007,MDD betweerd.0978.858were observed. Majority of the areas
had showrMDD betweem.0978.858 whereby théSouthern pardf the region
had showrhigher values oMDD. In subperiod 20082012, MDD between
2.3504.992were observed. Majority of the arehad shownMIDD between
2.3504.992 whereby thewvhole regionhad showrhigher values oMDD. In
subperiod 20132017,MDD betweerb.9958.980were observed. Majority of
the areatiad showrMDD betweerb.9958.98Q whereby thavholeregionhad
shownhigher values oMDD.

Over the six sulperiods, it was observed thagjority of the areabad
shown peak MDD insubperiod 19881992. MDD then decreased and
maintained, as lowest MDD wabbserved in 2008012. MDD then increased
in the following period. Besideshie Southern part of the region had relatively
shown high MDD over the syberiods, except for 1988992 that had relatively
shown high MDD at station 6168001, 5966001 and 5988B¥en the location
of these stations located in inland area, the high MIDDId be affected by
Banjaran Crockewhich is located near to the stations. Banjaanckercould
block the North-East Monsoon from reaching the stationberebyone side of
a mountain range may be rainy and the other side may be a dry area, which lead
to high MDD in a specific area.

In Region 5 MDD between 3.479.8.136were observed in syeriod
19881992. Majority of the areakad shownMDD between3.47918.136
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whereby theNorthern and Westenpartss of the regiorhad showrhigher values
of MDD. In subperiod 19931997,MDD betweem.7029.771were observed.
Majority of the areashad shownMDD between4.7027.236 whereby the
Northernpart of the regiorhad $iown higher values oMDD. In subperiod
19982002 MDD between2.6728.216were observed. Majority of the areas
had showrMDD between.5216.368 whereby theCentralpart of the region
had showrhigher values oMDD. In subperiod 20032007, MDD between
4.09711.239were observed. Majority of the arelaad showrnVIDD between
4.0978.858 whereby theNorthern parof the regiorhad showrhigher values
of MDD. In subperiod 20082012,MDD betweer2.35010.276were observed.
Majority of the areashad shownMDD between2.3507.634 whereby the
Northern and Southepart of the regiorhad showrhigher values oMDD. In
subperiod 20132017,MDD betweer0.0238.980were observed. Majority of
the areavad showrMDD between3.0098.98Q whereby theSouthEastpart
of the regiorhad showrhigher values oMDD.

Over the six sulperiods, it was observed thagjority of the areabad
shown peak MDD insubperiod 19881992. MDD then decreased and
maintained, as lowest MDD was observed in 20082. MDD then increasl
in the following period. Besidethe Northern part of the region had relatively
shown high MDD over the syberiods, except for 1998002, 20132017 that
had relatively shown high MDD at station 5061001, 5163002 and 4764002.
Given the location of thes#ations located in inland area, the high MBduld
be affected by Banjaran Crockehich is located near to the stations. Banjaran
Crocker could block the North-East Monsoon from reaching the stations,
wherebyone side of a mountain range may be rainy #ae other side may be

a dry area, which lead to high MDD in a specific area.

In Region § MDD between 3.47910.121were observed in syberiod
19881992. Majority of the areabad shownMDD between3.47325.464
whereby theCentralpart of the regiorhad showrhigher values oMDD. In
subperiod 19931997,MDD betweer2.1669.771were observed. Majority of
the areadhad shownVIDD betweerd.7029.771, whereby theEasternpart of
the regionhad showrhigher values oMDD. In subperiod 19982002 MDD
between2.6728.216 were observed. Majority of the aread shownMDD
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betweer?.6726.368 whereby thaVesterrmpart of the regiomad showrhigher
values ofMDD. In subperiod 20032007, MDD betweenl.7158.858were
observed. Majority of the arehad $iownMDD betweem.09%6.477 whereby
theWestern parof the regiorhad showrhigher values oMDD. In subperiod
20082012,MDD between2.350310.276were observed. Majority of the areas
had showrMDD betweem.9937.634 whereby theNesternpart of the egion
had showrhigher values oMDD. In subperiod 20132017, MDD between
3.0098.980were observed. Majority of the arehad shownMDD between
3.0098.98Q whereby theNesternpart of the regiomad showrhigher values
of MDD.

Over the six sulperiods,it was observed thamhajority of the areabad
shown peak MDD insubperiod 19881992. MDD then decreased and
maintained, as lowest MDD was observed in 12082. MDD then increased
and maintained in the following periods. BesidhsWestern part of theegion
had relatively shown high MDD over the spbriods, except for 1988992,
19931997 that had relatively shown high MDD at station 4143004, 4151017
and 4255006Given the location of the stations being near to seashore, the high
MDD could be affected by the Hifio episodethat had occurrexh 19871988,
1991-1992, 19941995 and 1992998that inhibited rainfall occurrence due to

the increase in sea surface temperature.

In Region 7, MDD between 3.479.8.136were observed in steriod
19881992. Majority of the areakad shownMDD between3.47910.808
whereby thewhole region had shownrhigher values oMDD. In subperiod
19931997,MDD between2.1669.771were observed. Majority of the areas
had showrMDD betweer.7027.236 whereby theSoutherrpart of the region
had showrhigher values oMDD. In subperiod 1998002 MDD between
2.6728.216 were observed. Majority of the arehad shownMDD between
4.5216.368 whereby theSoutherrpart of the regiomad showrhigher values
of MDD. In subperiod 20032007,MDD betweer4.0978.858were observed.
Majority of the areashad shownMDD between4.097%6.477, whereby the
Southern parof the regionhad shownrhigher values oMDD. In subperiod
20082012,MDD between2.3507.634were obsrved. Majority of the areas
had shownMDD between4.9937.634 whereby theWestern and Northern
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partsof the regiorhad showrhigher values oMDD. In subperiod 20132017,
MDD between3.0098.980were observed. Majority of the arelaad shown
MDD betweerb.9958.98Q whereby thevholeregionhad showrhigher values
of MDD, exceptfor theWestern part

Over the six superiods, it was observed thagjority of the areabad
shown peak MDD insubperiod 19881992. MDD then decreased and
maintainedas lowest MDD was observed in 262807. MDD then increased
and maintained in the following periods. BesideeSouthern part of the region
had relatively shown high MDD over the spbriods, except for 2063012,
20132017 that had relatively shown higiDD at Western and Southern part
of the regionGiven the location of these stations located in inland area, the high
MDD could be affected by Banjaran Kelinkandnich is located near to the
stations. BanjararKelinkang could block the SouthWest Monsoon from
reaching the stations/herebyone side of a mountain range may be rainy and

the other side may be a dry area, which lead to high MDD in a specific area.

In Region § MDD between 3.47382.793were observed in speriod
19881992. Majority of the eashad shownMDD between3.47918.136
whereby théWesternpart of the regiorhad showrhigher values oMDD. In
subperiod 19931997,MDD betweer2.1669.771were observed. Majority of
the areaviad showrMDD betweert.7027.236 whereby thavholeregionhad
shownhigher values oMDD, exceptfor the Eastern part. In superiod 1998
2002 MDD between2.6728.216 were observed. Majority of the arehad
shownMDD betweer4.5216.368 whereby thewhole part of the regiorhad
shownhigher values oMDD, except Easternin subperiod 20032007,MDD
betweend.097%8.858 were observed. Majority of the arebad shownMDD
betweemt.0976.477 whereby thaVestern parof the regiorhad showrhigher
values ofMDD. In subperiod 2008012, MDD between2.35010.276 were
observed. Majority of the arehad showrMDD betweer?.3567.634 whereby
the Westernpart of the regiomad showrhigher values oMDD. In subperiod
20132017,MDD between3.00911.965were observed. Majority of the areas
had showrMDD betweer3.0098.98Q whereby theEasterrmpart of the region
had showrhigher values oMDD.
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Over the six superiods, it was observed thagjority of the areabad
shown peak MDD insubperiod 19881992. MDD then decreased and
maintained, as lowest MDD was obged in 20082012. MDD then increased
in the following period. Besideshe Western part of the region had relatively
shown high MDD over the syberiods, except for 2023017 that had relatively
shown high MDD at station 6172001 and 60730Bilen the location of the
stations being near to seashore, the M@ID could be affected by the Hifio
episodeghat had occurreth 20142015 and 201:2016that inhibited rainfall

occurrence due to the increase in sea surface temperature.

In Region 9 MDD between 3.47810.121were observed in syeriod
19881992. Majority of the areakad shownMDD between3.47918.136
whereby theNorthernpart of the regiormad showrhigher values oMDD. In
subperiod 19931997,MDD betweerv.23712.306were obsergd. Majority of
the areaviad showrMDD between7.327%9.771 whereby theNorth-Eastpart
of the regiorhad showrhigher values ofMDD. In subperiod 1998002 MDD
betweend.5218.216 were observed. Majority of the arehad shownMDD
betweermt.5216.368 whereby thaVesterrmpart of the regiomad showrhigher
values ofMDD. In subperiod 20032007, MDD betweenl.7156.477 were
observed. Majority of the arehad showmMDD betweem.0976.477 whereby
thewholeregionhad showrhigher values oMDD, exceptfor theEastern part
In subperiod 20082012,MDD betweer2.35610.276were observed. Majority
of the areahad shownMDD between2.35G37.634 whereby theWestern,
Centre and Eastepart of the regiomad showrhigher values oMDD. In sub
period 20132017,MDD between3.00398.980were observed. Majority of the
areashad showrMDD betweem.9937.634 whereby thdeastern, Western and
Centralpart of the regiorhad showrhigher values oMDD.

Over the six suiperiods, it was obseed thatmajority of the areabad
shown peak MDD insubperiod 19881992. MDD then decreased and
maintained, as lowest MDD was observed in 20087. MDD then increased
and maintained in the following periods. BesidhsWestern part of the region
had réatively shown high MDD over the syteriods, except for 1988992,
19931997 that had relatively shown high MDD at station 3234022 and

3137021.Given the location of the stations being near to seashore, the high
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MDD could be affected by the Hifio episo@sthat had occurrexh 19871988,
19911992, 19941995 and 1994998that inhibited rainfall occurrence due to

the increase in sea surface temperature.

4.3.4 Summary
According to the stdy with SPF1, the occurrence d¥iIDD was the lowestin
subperiod 19881992 as compared to other spbriods Peak MDD with the
range of 6.121 7.210 had occurred in Region 3 of East Malaysia, and it was
predicted that the high MDD was caused by mountainous topography due to the
location of drought events. As for spleriod 193-1997, the occurrence of
MDD was considered low among the spgriods. Peak MDD with the range of
5.21271 6.222 had occurred in Region 7 of East Malaysia. By referring to the
location of drought events, it was predicted that high MDD was caused by
mountanous topography as well. Averagely, the occurrence of MDD was the
highest in sukperiod 1998002. Peak MDD with the range of 3.00.8.428
had occurred in Region 2 of East Malaysia, and it was causdgl-Nyio
episodegiue to its location being near teashore. For superiod 20032007,
the occurrence of MDD was high among the-pebods. Peak MDD with the
range of 4.360 5.167 was observed in Region 2 of East Malaysia, and it was
predicted that the high MDD was causeddiNifio episodeslue to its l@ation
being near to seashore. For qdyiod, 2008012, peak MDD with the range
of 3.7901 4.407 was observed in Region 2 of East Malaysia, and it could be
caused b¥EI-Nifio episodeslue to its location being near to seashore. For sub
period 20132017, ak MDD with the range of 4.77/3661 was observed in
Region 1 of East Malaysia, and it could be caused by both mountainous
topography andI-Nifio episodesiue to its specific locatiorn overall, SPi1
had shownthat peakMDD had occurred often isouthWest part of East
Malaysia.Besides, Region 2 had shown the most occurrence of peak MDD.
Regarding the location of MDD, peak MDD were mostly causeélbyifio
episodesather than mountainous topography.

As for SP13, the @currence of MDD wsalow in sub-period 19881992
as compared to other spleriods. Peak MDD with the rangeXf.3751 13.513
had occurred in Region & East Malaysia, and it was predicted that the high

MDD was caused by mountainous topography due to the docafi drought
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events.As for subperiod 19931997, the occuence of MDD was considered
low among the suiperiods. Peak MDD with the range @594 11.383 had
occurred in Region df East Malaysia. By referring to the location of drought
events, it was predicted that high ldQvas caused by Bifio episodes due to
its location being near to seashofaeragely, the ocurrence of MDD was
considered higin subperiod 1998002. Peak MDD with the range 22031
7.185 had occurred in Regioro® East Malaysia, and it was-Blifio episodes
due to its location being near to seashbog.subperiod 20032007,peak MDD
with the range 07.497i 8.828 was observed in RegionnPEast Malaysia, and
it was predicted that the high MDD was caused bili&b episodes due to its
location keing near to seashofeor subperiod, 2008012, peak MDD with the
range 0f6.251i 7.254 was observed in Region 2 of East Malaysiajtaralild
be caused by HVifio episodes due to its location being near to seashore.
subperiod 20132017, peak MDDwith the range ofl3.0157 15.931 was
observed in Region df East Malaysia, and it could be caused byNEio
episodes due to itsdation being near to seashddeerall theSPF3 had shown
that peak MDD had occurred often SouthWest and NortiEastpart of East
Malaysia. Besides, Regio@ had shown most occurrencd peak MDD.
Regardingthe location of MDD, peak MDD were mostly causedEiNifio
episodesather than mountainous topography

For SP16, the occurrence dfIDD was low in subperiod 19881992 as
compared to other steriods Peak MDD with the range of 32.79445.121
had occurred in Region 9 of East Malaysia, and it was predicted that the high
MDD was caused bigl-Nifio episodeslue to its location being near to seashore.
As for subperiod 931997, the occurrence of MDD was considered high
among the sujperiods. Peak MDD with the range of 12.30714.841 had
occurred in Region 1 of East Malaysia. By referring to the location of drought
events, it was predicted that high MDD was causeBI®Yifio episodesiue to
its location being near to seashore. Averagely, the occurrence of MDD was
considered high in superiod 1998002. Peak MDD with the range of 10.065
T 11.912 had occurred in Region 1 of East Malaysia, and it was caused by
mountainousopography. For superiod 20032007, peak MDD with the range
of 11.2407 13.621 was observed in Region 1 of East Malaysia, and it was
predicted that the high MDD was caused by mountainous topography. For sub
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period, 2008012, peak MDD with the range 028197 15.560 was observed

in Region 1 of East Malaysia. However, it could be caused by the mountainous
topography due to its location. For spériod 20132017, peak MDD with the
range of 11.966 14.951 was observed in Region 1 of East Malaysia, and it
could be caused Wyl-Nifio episodeslue to its location being near to seashore.
Overall,the SPFI6 had showrthat peakVIDD had occurred often ithe Eastern

part of East MalaysiaBesides, Region 1 had shown most occurrence of peak
MDD. Regarding the locain of MDD, peak MDD were mostly caused by
mountainous topography rather tHalANifio episodes

4.4 Mean Drought Severity

441 SPI-1

Mean droughseverityis a measurement of theagnitude of drought events.
SPI at Imonth timescale was utilised in order to study the spatial variations of
MDS as shown in Figure 4.Thecolour depth from yellow to red indicates the

level of MDS from lowest to highest category.
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Figure4.7: Mean Drought Severity maps of SPfor each 5years sukperiod
along 19882017.

In Region 1, MDS between1.160 -0.632were observed in syieriod
19881992. Majority of the areasad shownMDS betwea -1.028 -0.764
whereby theCentre parof the regiorhad showrhigher values oMDS. In sulz
period 19931997,MDS between-0.889 - 0.513were observedviajority of
the areabad showMDS between0.889- -0.638 whereby thd=astern, Centre
and Westerpars of the regiorhad showrhigher values oMDS. In subperiod

19982002 MDS between1.245- -0.482 were observed, majority of the areas

showed MDS between 0.9390.635,whereby theSouthEastpartof the region
had showrhigher values oMDS. In subperiod 20032007,MDS between-

0.898- -0.564 were observed, majority of the areas showed MDS between

0.898- -0.676,whereby theeastern and Western padf the region had shown
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higher value of MDSIn subperiod 20082012,MDS between-0.968- -0.468
were observed. Majority of the areas showed that MDS occurred befivg4a

- -0.593,whereby théVestern part had shown higher MDS valumesubperiod
20132017,MDS between-1.012- -0.545 were observed. Majority areas had
shown MDS betweet®.895- -0.662 ,whereby the&Centre part had showmngher
values ofMDS.

Over the six sulperiods, it was observed thagjority of the areabad
shown peak MDS insubperiod 19881992. MDS then decreased and
maintained, as lowest MDS wabserved in 2008012. MDS then increased in
the following periods. Besidethe Eastern and centre part had shown relatively
higher MDS, especially at station 50880@&ven the location of the stations
being near to seashore, the hMBS could be affeted by the ENifio episodes
that had occurreith 19871988, 19911992, 19941995, 19971998, 20022003,
20042005, 200e2007, 2002010, 20142015, 20152016 that inhibited

rainfall occurrence due to the increase in sea surface temperature.

In Region 2 MDS between1.293- -0.764were observed in stperiod
19881992. Majority of the areaBad shownMDS between-1.16G -0.897,
whereby théNorth-Westof the regiorhad showrhigher values oMDS. In sub
period 19931997,MDS between0.889 -0.513were observedMajority of the
areashad showrMDS between0.763- -0.513 whereby theCentrepart of the
region had shownhigher values ofMDS. In subperiod 1998002 MDS
between-0.786- -0.482 were observed, majority of the areas showed MDS
between0.786- -0.635,whereby theCentre, Eastern and Western paitthe
region had shownhigher values ofMDS. In subperiod 20032007, MDS
between-0.898- -0.564 were observed, majority of the areas showed MDS
between-0.898- -0.676,whereby theSouthern prt of the region had shown
higher value of MDSIn subperiod 20082012,MDS between1.904- -0.593
were observed. Majority of the areas showed that MDS occurred befiv8éa
- -0.718,whereby thaVestern part had shown higher MDS valumesubperiod
20132017,MDS between-0.895- -0.545 were observed. Majority areas had
shown MDS betweer0.895- -0.662,whereby theSouthern part had shown
higher values oMDS.
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Over the six sulperiods, it was observed thagjority of the areabad
shown peak MDS n subperiod 19881992. MDS then decreased and
maintained, as lowest MDS was observed in 19937. MDS then increased
and maintained in the following periods. Besidig Southern, Western and
Central pad had relatively shown higher MDS, especiallystdtion 1203002,
1102019 and 120402&.iven the location of the stations being near to seashore,
the highMDS could be affected by the Hifio episodeshat hadhappened in
19871988, 19911992, 19941995, 19971998, 20022003, 20042005, 2006
2007, 20092010, 20142015, 20152016that inhibited rainfall occurrence due

to the increase in sea surface temperature.

In Region 3 MDS between1.293- -0.632were observed in sueriod
19881992. Majority of the areasad shownMDS between-1.16G -0.897,
whereby théNorth-Eastof the regiorhad showrhigher values oMDS. In sub
period 19931997,MDS between1.141 -0.638were observedMajority of the
areahad showrMDS between1.014- -0.764 whereby thé&astern and Centre
part of the regiorhad show higher values oMDS. In subperiod 1998002
MDS between-1.092- -0.482 were observed, majority of the areas showed
MDS betweeni 0.939 - -0.635, whereby theEastern parbf the regionhad
shownhigher values oMDS. In subperiod 20032007,MDS betwea -1.009-
-0.564 were observed, majority of the areas showed MDS betOe298- -
0.676,whereby thesouthern part of the region had shown higher value of MDS.
In subperiod 20082012, MDS between-1.904 - -0.593 were observed.
Majority of the areas shad that MDS occurred betweef.968 - -0.718,
whereby theSouthEast part had shown higher MDS vallresubperiod 2013
2017,MDS between-1.012- -0.545 were observed. Majority areas had shown
MDS between0.895- -0.662,whereby theéSouthEast part haghownhigher
values ofMDS.

Over the six suiperiods, it was observed thagjority of the areabad
shown peak MDS insubperiod 19881992. MDS then decreased and
maintained, as lowest MDS was observed in 12082. MDS then increased
and maintained irthe following periods. Besideghe Southern part had
relatively shown higher MDS, except for spbriod 19881992, 19931997,
19982002 that relatively showed higher MDS at station 3754007, 3451028 and
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3347003.Given the location of these stationsdted in inland area, the high
MDS could be affected by Pergunungan Iran and Pergunungan Hose which are
located near to the stations. Pergunungan Iran could hlexiorth-East
Monsoon, whereas Pergunungan Hose could bilbelSouthWest Monsoon

from reaclng those stations.

In Region 4 MDS between1.160- -0.897were observed in sueriod
19881992. Majority of the areakad shownMDS between-1.028 -0.897,
whereby théNorth-Eastof the regiorhad showrhigher values oMDS. In sub
period 19931997,MDS between-0.889- -0.638were observedvajority of
the areafiad showrMDS between0.763- -0.638 whereby theNorthernpart
of the regiorhad showrhigher values oMDS. In subperiod 1998002 MDS
between-1.092- -0.787 were observed, majority tfe areas showed MDS
betweeni 0.939- -0.787,whereby theSouthern parof the regionhad shown
higher values oMDS. In subperiod 20032007,MDS between1.009- -0.676
were observed, majority of the areas showed MDS betw@8881 0.787,
whereby théVestern part of the region had shown higher value of MDSub
period 20082012,MDS between0.717 -0.593were observed in whole region.
In subperiod 20132017, MDS between-0.895 - -0.662 were observed.
Majority areas had shown MDS betwe€n895- -0.662,whereby theCentre
and Southern pahad showrhigher values oMDS.

Over the six sulperiods, it was observed thagjority of the areabad
shown peak MDS insubperiod 19881992. MDS then decreased and
maintained, as lowest MDS was observed in 2P082. MDS then increased
and maintained in the following periods. Besidég Northern, Southern and
Western part of the region had relatively shown higher MDS, espeaially
station 6168002 and 576800&iven the location of these stations l@zhin
inland area, the high MD8ould be affected by Banjara@rockerwhich is
located near to the stations. Banjat@rocker could block the North-East
Monsoon from reaching the stans,wherebyone side of a mountain range may
be rainy and the other side may bdrg area, which lead to high MD8 a
specific area.
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In Region 5 MDS between1.160- -0.764were observed in steriod
19881992. Majority of the areakad shownMDS between-1.028 -0.897,
whereby théWesternpart of the regionhad showrhigher values oMDS. In
subperiod 19931997,MDS between1.141- -0.638were observedviajority
of the areabad showrMDS between0.889- -0.764 whereby theéeasterrpart
of the regiorhad showrhigher values oMDS. In subperiod 1998002 MDS
between-1.092- -0.635 were observed, majority of the areas showed MDS
between-1.092- -0.787,whereby theWestern parbf the regionhad shown
higher values oMDS. In subperiod 20032007,MDS between1.009- -0.676
were observed, majority of the areas showed MDS betw@8981 0.676,
whereby théVestern part of the region had shown higher value of MbSub
period 2008012, MDS between-0.843- -0.468 were observed. ddt of the
areas showed MDS betwedh843- -0.593,whereby theSouthern and Centre
parshad shown higher MD3n subperiod 20132017,MDS between0.895-
-0.662 were observed. Majority of the areas had shown MDS bet@&395-
-0.662,whereby theeastern part had showmigher values oMDS.

Over the six sulperiods, it was observed thagjority of the areabad
shown peak MDS insubperiod 19881992. MDS then decreased and
maintained, as lowest MDS was observed in 2D082. MDS then increased
and maintained in the following periods. Besideabe Western part had
relatively shown higher MDS, except spbriod 20082012 and 2012017 that
relatively showed high MDS at station 4764002, 5061001 and 516G0&h
the location of these stations ltedin inland area, the high MD8ould be
affected by Banjararocker,which is located near to the stations. Banjaran
Crocker could block the North-East Monsoon from reaching the stations,
wherebyone side of a mountain range may be rainy and the othemsigde
adry area, which lead to high MOS8 a specific area.

In Region § MDS between1.160- -0.764were observed in syberiod
19881992. Majority of the areasad shownMDS between-1.028 -0.897,
whereby thd=astern pardf the regiorhad showrhigher values oMDS. In sub
period 19931997,MDS between-1.014- -0.638were observedMajority of
the areabad showrMDS between0.889- -0.638 whereby thé&SouthEastpart
of the regiorhad showrhigher values oMDS. In subperiod 1998002 MDS
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between-1.092- -0.635 were observed, majority of the areas showed MDS
between-1.092- -0.787,whereby theNorthern parof the regionhad shown
higher values oMDS. In subperiod 20032007,MDS between1.122- -0.564
were observed, majority of the aseshowed MDS betweei®.8981 0.676,
whereby thé=astern part of the region had shown higher value of MiDSub
period 2008012, MDS between-0.968- -0.593 were observed. Most of the
areas showed MDS betwee®968- -0.718,whereby theSouthern part dwd
shown higher MDSIn subperiod 20132017,MDS between-1.012- -0.662
were observed. Majority areas had shown MDS betw@eB05 - -0.662,
whereby theNorthern and Western pattad showrhigher values oMDS.

Over the six sulperiods, it was observatatmajority of the areabad
shown lowest MDS insubperiod 19881992. MDS then increased and
maintained, as peak MDS was observed in 1B337. MDS then decreased and
maintained in the following periods. Besidéise Western part had relatively
shown ligher MDS, except superiod 20082012 and 2012017 that relatively
showed high MDS at station 4650007, 4955002 and other stations near to it.
Given the location of the stations being near to seashore, thé&R§could
be affected by the ENifio episodsthat had occurresh 20092010, 20142015
and 20152016 that inhibited rainfall occurrence due to the increase in sea

surface temperature.

In Region 7, MDS between1.160- -0.764were observed in stperiod
19881992. Majority of the areakad shownMDS between-1.028 -0.897,
whereby theCentre parof the regiorhad showrhigher values oMDS. In sulz
period 19931997,MDS between-1.014- -0.638were observedMajority of
the areadiad showrMDS between1.014- -0.764 whereby theCentrepart of
the regionhad showrhigher values oMDS. In subperiod 1998002 MDS
between-0.939- -0.482 were observed, majority of the areas showed MDS
between0.786- -0.635,whereby theCentre parof the regiorhad showrhigher
values ofMDS. In subperiod 20032007,MDS between1.122- -0.676 were
observed, majority of the areas showed MDS betw@&981 0.676,whereby
the Eastern part of the region had shown higher value of MDSubperiod
20082012, MDS between-1.094 - -0.593 were observed. Most of theeas
showed MDS betweei®.968- -0.718,whereby theSouthEast part had shown
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higher MDS.In subperiod 20132017, MDS between-1.012 - -0.545 were
observed. Majority areas had shown MDS betw8e895- -0.662,whereby the
Northern part had showmighervalues ofMDS.

Over the six sulperiods, it was observed thagjority of the areabad
shown MDS gradually increasedsnb-period 19881992, and peak MDS was
observed in 1993997. MDS then decreased and maintained, as lowest MDS
was observed in 199802. MDS then increased and maintained in the
following periods. Besideshe Central and Eastern paftad relatively shown
higher MDS, except superiod 20132017 that relatively showed high MDS at
station 1015001, 1321001 and 23200&8/en the locatiorof these stations
locaed in inland area, the high MO®uld be affected by Banjardtelinkang
which is located near to the stations. Banjatalinkangcould blocktheNorth-
East Monsoon from reaching the statiomserebyone side of a mountain range
may be rainy and the other side may bérga area, which lead to high MDS

a specific area.

In Region § MDS between1.014- -0.638were observed in stperiod
19881992. Majority of the areaBad shownMDS between-1.014 -0.764
whereby théWestern parbf the regionhad showrhigher values oMDS. In
subperiod 19931997,MDS between-1.092- -0.635were observedviajority
of the areabad showrMDS between1.092- -0.787 whereby théVesterrmpart
of the regiorhad showrhigher values oMDS. In subperiod 1998002 MDS
between-1.092- -0.635 were observed, majority of the areas showed MDS
between-1.092- -0.787,whereby theWestern parbf the regionhad shown
higher values oMDS. In subperiod 20032007,MDS between1.009- -0.564
were observed, majority of the areas showed MDS betw@&981 0.676,
whereby théVestern part of the region had shown higher value of MDSub
period 2008012,MDS between-0.843- -0.468 were observed. Most of the
areas showed MDS betweel717- -0.593,whereby theNorthern part had
shown higher MDSIn subperiod 20132017,MDS between-0.895- -0.545
were observed. Majority areas had shown MDS betw@eB05 - -0.662,
whereby theSouthern and Western pahiad showrhigher values oMDS.

Over the six suiperiods, it was observed thagjority of the areabad
shown MDS gradually increasedsnb-period 19881992, and peak MDS was
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observed in 1993997. MDS then decreasaad maintained, as lowest MDS
was observed in 2008012. MDS then increased and maintained in the
following period. Besidegshe West and North part had relatively shown higher
MDS, except sutperiod 20132017 that relatively showed high MDS at station
5671002, 5973001, 6264001 and stations near @Biven the location of the
stations being near to seashore, the M@ could be dected by the ENifio
episodes that had occurréd 20142015, 20152016 that inhibited rainfall

occurrence due to the ina%e in sea surface temperature.

In Region 9 MDS between1.160- -0.764were observed in stperiod
19881992. Majority of the areakad shownMDS between-1.16G -0.897,
whereby theeastern and Centre padf the regiorhad showrhigher values of
MDS. In subperiod 19931997,MDS between-1.014- -0.638were observed.
Majority of the areasiad showrMDS between-1.014- -0.764 whereby the
Easterrpart of the regiomad showrhigher values ofMDS. In subperiod 1998
2002 MDS between0.939- -0.635 were observed in whole regievhereby
theCentre and Nortitast part of the regiorhad showrhigher values oMDS.

In subperiod 20032007, MDS between-1.009 - -0.564 were observed,
majority of the areas showed MDS betwe@8981 0.676,whereby theCentre

part of the region had shown higher value of MDSsubperiod 2008012,
MDS between-0.843- -0.468 were observed. Most of the areas showed MDS
between0.843- -0.593,whereby the&Southern part had shown higher MDi$.
subperiod 20132017,MDS between1.012- -0.662 were observed. Majority
areas had shown MDS betwednh895- -0.779,whereby theCentre part had
shownhigher values oMDS.

Over the six sulperiods, it was observed thagjority of the areabad
shown MDS gradually increased sub-period 19881992, and peak MDS was
observed in 1993997. MDS then decreased and maintained, as lowest MDS
was observed in 2008012. MDS then increased and maintained in the
following period. Besideshe Eastern and Centreaps had relatively shown
higher MDS, except superiod 20082012 that relatively showed high MDS at
station 2920005, 2818001, 28170@iven the location of the stations being
near to seashore, the higtbS could be affected by the Hifio episodeshat
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had occurredn 20092010that inhibited rainfall occurrence due to the increase

in sea surface temperature.

442 SPI-3
Mean droughseverityis magnitude of drought events. SPI ah8nth timescale
was utilised in order to study the spatial variations of MBShown in Figure

4.8.Thecolour depth from yellow to red indicates the level of MDS from lowest

to highest category.
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Figure4.8: Mean Drought Severity maps of SPFfor each 5years sulperiod
along 19882017.

In Region 1, MDS between1.174 -0.643were observed in syberiod
19881992. Majority of the areaBad shownMDS between-0.997 -0.643
whereby theCentralpart of the regiohad showrhigher values oMDS. In sub
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period 19931997,MDS between0.997- -0.391were observed. Majority of the
areashad showrMDS between0.845- -0.543 whereby theCentralpart of the
region had shownhigher values ofMDS. In subperiod 1998002 MDS
between1.415- -0.641were observed. Majority of theeashad showrMDS
between-1.027 -0.641 whereby theSouthernpart of the regiorhad shown
higher values oMDS. In subperiod 20032007,MDS between0.993- -0.532
were observed. Majority of the ardasd showrMDS between0.839- -0.532
whereby thdcastern pardf the regiorhad showrhigher values oMDS. In sub
period 20082012, MDS between-0.881- -0.354were observed. Majority of
the areasiad showrMDS between0.705- -0.53Q whereby theCentralpart of
the regionhad showrhigher values oMDS. In subperiod 20132017,MDS
between1.313- -0.329were observed. Majority of the ardasd showrMDS
between-0.918- -0.526 whereby theCentral part of the regiorhad shown
higher values oMDS.

Over the six sulperiods, it was observed thagjoity of the areasad
shown MDS gradually decreaseddnbperiod 19881992, and lowest MDS
was observed in 1998002. MDS then increased and maintained, as peak MDS
was observed in 2013017. Besidesthe Central part had relatively shown
higher MDS over he subperiods, except for 1998002, 20032007 that
relatively showed high MDS at station 4474002 and 5088@l2en the
location of the stations being near to seashore, theNhidf could be affected
by the EiNifio episodeghat had occurreth 19971998 20022003, 20042005
and 20062007 that inhibited rainfall occurrence due to the increase in sea

surface temperature.

In Region 2 MDS between0.997 -0.643were observed in syeriod
19881992. Majority of the areasad shownMDS between-0.997 -0.82Q
whereby theCentral, Southern and Westegrarts of the regiorhad showrigher
values ofMDS. In subperiod 19931997,MDS between-0.845- -0.543were
observed. Majority of the aredsad shownMDS between-0.845 - -0.694
whereby thewhole region had shownhigher values oMDS. In subperiod
19982002 MDS betweeri 0.833- -0.447were observed. Majority of the areas
had showMDS between0.833- -0.641 whereby thd=asterrpart of the region
had showrhigher values oMDS. In subperiod 20032007, MDS between-
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0.993- -0.532were observed. Majority of the ardasd showrMDS between
0.993- -0.686 whereby theeastern pardf the regiorhad showrhigher values
of MDS. In subperiod 20082012,MDS between0.881- -0.354were observed.
Majority of the areasrad showrMDS between-0.705- -0.53Q whereby the
Westernpart of the regiorhad shownrhigher values oMDS. In subperiod
20132017,MDS between0.918- -0.329were observed. Majority of the areas
had shownMDS between-0.918 - -0.526 whereby the North-West and
Northernpart of the regiorhad showrhigher values oMDS.

Over the six superiods, it was observed thagjority of the areabad
shown lowest MDS insubperiod 19881992. MDS then increased and
maintained, as peak MDS was obserire®0132017. Besidesthe Western
part had relatively shown higher MDS over the-pebiods, except for 1998
2002, 20022007 that relatively showed high MDS at station 1204024 and
1203002.Given the location of the stations being near to seashore, ghe hi
MDS could be affected by the Hlifio episodeghat had occurreith 19971998,
20022003, 20042005 and 200€007that inhibited rainfall occurrence due to

the increase in sea surface temperature.

In Region 3 MDS between1.353 -0.465were observecdisubperiod
19881992. Majority of the areakad shownMDS between-0.997 -0.643
whereby theNorthernpart of the regiormad showrhigher values oMDS. In
subperiod 19931997,MDS between-0.997- -0.391were observed. Majority
of the areabad showrMDS between0.845- -0.543 whereby théeastern and
Westernpars of the regionhad showrhigher values oMDS. In subperiod
19982002 MDS betweeri 1.220- -0.447were observed. Majority of the areas
had shownMDS between-1.027 - -0.641 whereby theNorthernpart of the
region had shownhigher values ofMDS. In subperiod 20032007, MDS
between0.993- -0.378were observed. Majority of the ardasd showrMDS
between0.839- -0.532 whereby theEastern and Western padf the region
had showrhighe values ofMDS. In subperiod 20082012,MDS between-
1.234- -0.354were observed. Majority of the ardaed showrMDS between
1.057- -0.706 whereby theeasterrpart of the regiomad showrhigher values
of MDS. In subperiod 20132017,MDS between1.115- -0.526were observed.
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Majority of the areaviad showrMDS between-0.918- -0.723,whereby the
Centralpart of the regiomad showrhigher values oMDS.

Over the six sulperiods, it was observed thagjority of the areabad
shown lowest MDS insub-period 19881992. MDS then increased and
maintained in the following periods, as peak MDS was observed inZDMMA
BesidestheNorthern and Western pattad relatively shown higher MDS over
the subperiods, except for 2008012, 20132017 that relavely showed high
MDS atthe Eastern part of the regio@iventhatthe location of these stations
located in inland area, the highD S could be affected by Pergunungan Iran and
Pergunungan Hose which are located near to the stations. Pergunungan Iran
could blockthe North-East Monsoon, whereas Pergunungan Hose could block

the SouthWest Monsoon from reaching those stations.

In Region 4 MDS between1.174- -0.820were observed in superiod
19881992. Majority of the areakad shownMDS between-0.997 -0.82Q
whereby theNorthernpart of the regiormad showrhigher values oMDS. In
subperiod 19931997,MDS between-0.997- -0.694were observed. Majority
of the areavad shownVIDS between-0.845- -0.694 whereby theNorthern
part of the regiomad showrhigher values oMDS. In subperiod 1998002
MDS betweeri 1.027- -0.641were observed. Majority of the ardaasd shown
MDS betwea -1.027 - -0.834 whereby thewhole region had shownrhigher
values ofMDS, exceptfor the Northern partln subperiod 20032007,MDS
between0.839- -0.532were observed. Majority of the ardasd showrMDS
between0.839- -0.686 whereby thavholeregionhad showrhigher values of
MDS, excepftfor the Northern partin subperiod 2008012,MDS between
0.705- -0.354were observed. Majority of the ardasd showrMDS between
0.705- -0.53Q whereby thewhole regionhad showrhigher values oMDS,
exceptfor theNorthern partin subperiod 20132017,MDS between0.918- -
0.526were observed. Majority of the ardasd showrMDS between0.918- -
0.526,whereby théSouthermpart of the regiolad showrhigher values oMDS.

Over the six sulperiods,it was observed thamajority of the areabad
shown MDS gradually decreasedsuizperiod 19881992 and lowest MDS was
observed in 1992002. MDS then increased and maintained in the following

periods, as peak MDS was observed in 20Q37. Besideghe Southern part
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had relatively shown higher MDS over the sudyiods, except for 1988992,
19931997 that relatively showed high MDS at station 6168@iven the
location of these stations Ided in inland area, the high Mx®uld be affected
by BanjaranCrockerwhich is located near to the stations. Banjataacker
could blockthe North-East Monsoon from reaching the statiombgerebyone
side of a mountain range may be rainy and the other side mayliyeagaea,

which lead to high MD$ a specific area

In Region 5 MDS between1.174- -0.643were observed in stperiod
19881992. Majority of the areasad shownMDS between-0.997 -0.82Q
whereby theNorthern, Southern and Westegparts of the regionhad shown
higher values oMDS. In subperiod 19931997,MDS between0.997- -0.543
were observed. Majority of the ardzed showrMDS between-0.845- -0.694
whereby theCentralpart of the regiomad showrhigher values oMDS. In sub
period 199&002 MDS betweeni 1.415- -0.641were observed. Majority of
the areafiad showrMDS between1.220- -0.834 whereby theNorthernpart
of the regiorhad showrhigher values oMDS. In subperiod 20032007,MDS
between0.993- -0.532were observed. Majority of the ardaesd showrMDS
between0.839- -0.686 whereby thavholeregionhad showrhigher values of
MDS, excepffor the Northern partin subperiod 20082012, MDS between
0.881- -0.354were observed. Majority of the ardasd showrMDS between
0.881- -0.53Q whereby theCentral ad Southerrpars of the regiorhad shown
higher values oMDS. In subperiod 20132017,MDS between0.918- -0.526
were observed. Majority of the ardasd showrMDS between0.918- -0.526,
whereby theNorthhWest and Soutltastpars of the regiorhadshownhigher
values ofMDS.

Over the six superiods, it was observed thagjority of the areabad
shown MDS gradually decreasedsuizperiod 19881992 and lowest MDS was
observed in 1992002. MDS then increased and maintained in the following
periods as peak MDS was observed in 22(R.7. Besideghe Southern part
had relatively shown higher MDS over the sudriods, except for 1998997,
19982002 that relatively showed high MDS at station 5663001 and 5462001.
Given the location of these statiowgdted in inland area, the high MO:%uld

be affected by Banjara@rockerwhich is located near to the stations. Banjaran
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Crocker could block the North-East Monsoon from reaching the stations,
wherebyone side of a mountain range may be rainy and the sithemay be

adry area, which lead to high MOS a specific area.

In Region § MDS between1.353- -0.465were observed in swperiod
19881992. Majority of the areaBad shownMDS between-1.174 -0.643
whereby theCentral and Eastearts of the egionhad showrhigher values of
MDS. In subperiod 19931997,MDS between-0.845 -0.391were observed.
Majority of the areasrad showrMDS between-0.845- -0.543 whereby the
Eastern and Centraglars of the regionhad showrhigher values oMDS. In
subperiod 1998002 MDS betweeri 1.220- -0.641were observed. Majority
of the areabad showrMDS between1.027- -0.641, whereby théVesterrpart
of the regiorhad showrhigher values oMDS. In subperiod 20032007,MDS
between1.148- -0.532were dserved. Majority of the aredsd showrMDS
between-0.993- -0.686 whereby theWestern parbf the regionhad shown
higher values oMDS. In subperiod 200&012,MDS between1.234- -0.530
were observed. Majority of the ardasd showrMDS between1.057--0.706
whereby théWesternpart of the regiorhad showrhigher values oMDS. In
subperiod 20132017,MDS between-0.918- -0.329were observed. Majority
of the areabad showrMDS between0.918- -0.526,whereby théVesterrmpart
of the regiorhadshownhigher values oMDS.

Over the six sulperiods, it was observed thagjority of the areabad
shown lowest MDS insubperiod 19881992. MDS then increased and
maintained in the following periods, as peak MDS was observed irZIMNA
Besides,the Western part had relatively shown higher MDS over the sub
periods, except for 1988992, 19931997 that relatively showed high MDS at
station 4554001, 4151017 and 3945QGixen the location of the stations being
near to seashore, the higtbS could beaffected by the ENifio episodeshat
had occurredin 19871988, 19911992, 19941995 and 1994998 that

inhibited rainfall occurrence due to the increase in sea surface temperature.

In Region 7, MDS between1.174- -0.643were observed in syeriod
19881992. Majority of the areaBad shownMDS between-0.997 -0.643
whereby thdcasterrpart of the regiohad showrhigher values oMDS. In sub
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period 19931997,MDS between-1.149- -0.694were observed. Majority of
the areatiad shownrMDS between-0.997 - -0.694 whereby theSouthWest
part of the regiomad showrhigher values oMDS. In subperiod 1998002
MDS betweeri 0.883- -0.447were observed. Majority of the ardaasd shown
MDS betweeni 0.883- -0.447 whereby théNestern, Northern and Soetim
parts of the regiorhad showrhigher values oMDS. In subperiod 20032007,
MDS between0.993- -0.532were observed. Majority of the ardaasd shown
MDS between-0.839- -0.686 whereby theNorth-East parif the regionhad
shownhigher values oMDS. In subperiod 20082012,MDS between1.234-
-0.530were observed. Majority of the ardasd showrMDS between-1.057-
-0.706 whereby thdzasterrpart of the regioad showrhigher values oVDS.
In subperiod 20132017, MDS between-1.115 - -0.526 were observed.
Majority of the areasiad showrMDS between-0.918- -0.723,whereby the
Northernpart of the regiomad showrhigher values oMDS.

Over the six sulperiods, it was observed thagjority of the areabad
shown MDS gradually increased subperiod 19881992. Peak MDS was
observed in the 1998002. MDS gradually decreased and maintained in the
following periods, as lowest MDS was observed in 22082. Besidesthe
Northern part had relatively shown higher MDS over thesiiods, excegdor
19881992, 19931997, 2008012 that relatively showed high MDS at station
1018002, 1003031, 101800civen the location of these stations ltexhin
inland area, the high MD8&ould be affected by Banjardelinkangwhich is
located near to the statis. BanjararKelinkang could blockthe SouthWest
Monsoon from reaching the statiomg)erebyone side of a mountain range may
be rainy and the other side may bdrg area, which lead to high MD& a
specific area.

In Region 8§ MDS between1.174- -0.643were observed in syberiod
19881992. Majority of the areasad shownMDS between-0.997% -0.643
whereby thewhole region had showrhigher values oMDS, exceptfor the
Central part.In subperiod 19931997, MDS between-0.997 - -0.543 were
observed. Majority of the aredsad shownMDS between-0.845- -0.543
whereby theWesternpart of the regiorhad showrhigher values oMDS. In
subperiod 1998002 MDS betweeri 1.220- -0.641were observed. Majority
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of the areasrad shownMDS betweeni1.027- -0.641 whereby theWestern
part of the regiorhad showrhigher values oMDS. In subperiod 20032007,
MDS between0.993- -0.532were observed. Majority of the ardaasd shown
MDS between-0.839- -0.532 whereby theWestern parof the regon had
shownhigher values oMDS. In subperiod 20082012,MDS between0.881-

-0.354were observed. Majority of the ardasd showrMDS between-0.705-

-0.53Q whereby thavholeregionhad showrhigher values oMDS, excepfor

theWestern partin subperiod 20132017,MDS between0.918- -0.329were
observed. Majority of the aredsad shownMDS between-0.918 - -0.526,
whereby theéSoutherrpart of the regiomad showrhigher values oMDS.

Over the six sulperiods, it was observed thagjority of the areabad
shown MDS gradually decreasedsubperiod 19881992. Lowest MDS was
observed in the 1998002. MDS gradually increased and maintained in the
following periods, as peak MDS was observed in 2PQB7. Besidesthe
Western part hacklatively shown higher MDS over the spbriods, except for
20082012, 201017 that relatively showed high MDS at station 5671002,
5973001 and other stations near td3iven the location of the stations being
near to seashore, the higtbS could be &ected by the ENifio episodeshat
had occurredn 20092010, 20142015 and 201£&016that inhibited rainfall

occurrence due to the increase in sea surface temperature.

In Region 9 MDS between1.353- -0.643were observed in steriod
19881992. Magprity of the areasrad shownMDS between-0.997 -0.643
whereby theSouthernpart of the regiomad showrhigher values oMDS. In
subperiod 19931997,MDS between1.149- -0.543were observed. Majority
of the areavad shownvVIDS between-0.845- -0.543 whereby theNorthern
part of the regioad showrhigher values oMDS. In subperiod 1998002
MDS betweeri 1.027- -0.447were observed. Majority of the ardaasd shown
MDS between-0.883- -0.641, whereby theNorthern @rt of the regiorhad
shownhigher values oMDS. In subperiod 20032007,MDS between1.148-
-0.378were observed. Majority of the ardasd showrMDS between-0.839-
-0.532 whereby theNorthern and Central parof the regiorhad showrhigher
values ofMDS. In subperiod 2008012,MDS between-0.881- -0.354were
observed. Majority of the aredsad shownMDS between-0.881 - -0.53Q
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whereby theCentral, Eastern and Westgrarts of the regiorhad showrhigher
values ofMDS. In subperiod 20132017,MDS between-1.115- -0.526were
observed. Majority of the aredsad shownMDS between-0.918 - -0.526,
whereby theSouthWestpart of the regiomad showrhigher values oMDS.
Over the six superiods, it was observed thagjority of the areabad
shown lowest MDS irsubperiod 19881992. MDS gradually increased and
maintained since 199B997. Peak MDS was observed in 2@1R.7. Besides,
theNorthern part had relatively shown higher MDS over theseriods, except
for 19881992, 2008012, 20132017 that relatively showed high MDat
station 2325039, 2520052 and other stations near @wvén the location of
these stations loted in inland area, the high MD&ould be affected by
BanjaranKapuas Huluwhich is located near to the stations. Banjafapuas
Hulu could blockthe SouthWestMonsoon from reaching the statiomg)ereby
one side of a mountain range may be rainy and the other side maybaraa,

which lead to high MD$ a specific area.

443 SPI-6

Mean droughseverityis magnitude of drought events. SPI ahénth tmescale

was utilised in order to study the spatial variations of MDS as shown in Figure
4.9.Thecolour depth from yellow to red indicates the level of MDS from lowest

to highest category.
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Figure4.9: Mean Drought Severity maps of S®for each 5years sukperiod
along 19882017.

In Region 1, MDS betweenl.246 -0.539were observed in syieriod
19881992. Majority of the areasad shownMDS between-1.010- -0.775
whereby theCentralpart of the regioihad showrhigher values oMDS. In sulz
period 19931997,MDS between-0.984- -0.523were observed. Majority of
the areavad showrMDS between0.984- -0.523 whereby theéeastermart of
the regionhad showrhigher values oMDS. In subperiod 1998002 MDS
between1.404- -0.597were observed. Majority of the ardasd showrMDS
between-1.000- -0.799 whereby theSouthernpart of the regiorhad shown
higher values oMDS. In subperiod 20032007,MDS between-0.874- -0.472
were observed. Majority of the ardaad showrMDS between0.874- -0.472
whereby theEastern and Western padf the regiorhad showrhigher values
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of MDS. In subperiod 20082012,MDS between0.995- -0.212were observed.
Majority of the areaviad showrMDS between-0.733- -0.473 whereby the
Westernpart of the regiorhad shownrhigher values oMDS. In subperiod
20132017,MDS between1.128- -0.004were observed. Majority of the areas
had showrMDS between0.846- -0.285 whereby thd=asterrpart of the region
had showrhigher values oMDS.

Over the six sulperiods, it was observed thagjority of the areabad
shown peak MDS irsubperiod 19881992. MDS gradually decreased and
maintained since 199B997. Lowest MDS wasbserved in 203:2017. Besides,
the Eastern part of the region had relatively shown high MDS over the sub
periods, except for 1988992, 1998002, 2008012 that relatively showed
high MDS at station 5269001 and 53720@Glven that the location of these
stations locéed in inland area, the high MD&uld be affected by Banjaran
Maitland and Banjaran Brassy which éweated near to the stations. Banjaran
Maitland and Banjaran Brasspuld both block the North-EastMonsoon from

reaching the stations

In Region 2 MDS between1.246 -0.775were observed in syeriod
19881992. Majority of the areasad shownMDS between-1.010- -0.775
whereby thewhole region had shownhigher values oMDS. In subperiod
19931997,MDS between0.984- -0.523were obsered. Majority of the areas
had showMDS between0.984- -0.754 whereby thevholeregionhad shown
higher values oMDS, excepftfor the Western part. In superiod 1998002
MDS between-0.798- -0.396were observed. Majority of the ardasd shown
MDS between0.798- -0.597 whereby thé\orthern, Eastern and Westgrarts
of the regiorhad showrhigher values oMDS. In subperiod 20032007,MDS
between1.076- -0.673were observed. Majority of the ardasd showrMDS
between-1.076 - -0.673 wherebythe Central partof the regionhad shown
higher values oMDS. In subperiod 20082012,MDS between1.256- -0.473
were observed. Majority of the ardasd showrMDS between0.995- -0.734
whereby thewhole region had showrhigher values oMDS, exceptfor the
North-West In subperiod 20132017, MDS between-1.128 - -0.566 were
observed. Majority of the aredsad shownMDS between-0.846 - -0.285
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whereby theNorthhWest and Northerpars of the regionhad showrhigher
values ofMIDS.

Over the six sulperiods, it was observed thagjority of the areabad
shown MDS gradually increasedsnb-period 19881992, and peak MDS was
observed in 2002007. MDS gradually decreased and maintained in the
following periods, and lowest MDS was observed in 22037 Besidesthe
Northern part of the region had relatively shown high MDS over thgstibds,
except for 2002007 that relatively showed high MDS at station 1897016 and
1996090.Given the location of the stations being near to seashore, the high
MDS could be affected by the Hifio episode®f 20022003, 20042005 and
2006:2007that inhibited rainfall occurrence due to the increase in sea surface

temperature.

In Region 3 MDS between1.246 -0.303were observed in syeriod
19881992. Majority ofthe areathad shownMDS between-1.010- -0.539
whereby theéSouthWestpart of the regiohad showrhigher values oMDS.

In subperiod 19931997, MDS between-1.446 - -0.293 were observed.
Majority of the areashiad showrMDS between-0.984- -0.523 whereby the
Westernpart of the regiorhad shownhigher values oMDS. In subperiod
19982002 MDS between1.202- -0.396were observed. Majority of the areas
had showrMDS between1.000- -0.597 whereby thd=asterrpart of the region
had showrhigher valies ofMDS. In subperiod 20032007,MDS between
1.278- -0.270were observed. Majority of the aregzed showrMDS between
0.874- -0.472 whereby theNorthern and Soutkast par of the regionhad
shownhigher values oMDS. In subperiod 20082012,MDS between1.519-
-0.212were observed. Majority of the ardasd showrMDS between1.256-
-0.473 whereby theSouthEastpart of the regiormad showrhigher values of
MDS. In subperiod 20132017,MDS between1.410- -0.285were observed.
Majority of the areatiad shownMDS between-1.128- -0.566 whereby the
Southerrpart of the regiomad showrhigher values oMDS.

Over the six superiods, it was observed thagjority of the areabad
shown MDS gradually decreasedamb-period 19881992, and lowest MDS
was observed in 2063007.MDS then increased and peak MDS was observed

in 20082012. BesidegheSouthern part of the region had relatively shown high
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MDS over the sulperiods, except for 1998997, 1998002 that relavely
showed high MDS at station 1947001, 2346001 and 3754Gd/&n the
location of these stations Ided in inland area, the high MDS could be affected
by Banjaran Tama Abwhich is located near to the stations. Banjafama
Abu could blockthe North-East Monsoon from reaching the stationbereby
one side of a mountain range may be rainy and the other side maybaraa,

which lead to high MD$ a specific area.

In Region 4 MDS between1.246 -0.775were observed in syeriod
19881992. Majaity of the areahhad shownMDS between-1.246- -0.775
whereby theNorthernpart of the regiormad showrhigher values oMDS. In
subperiod 19931997,MDS between1.446- -0.523were observed. Majority
of the areaviad showrMDS between0.984- -0.523 whereby theNorth-East
part of the regiomad showrhigher values oMDS. In subperiod 19982002
MDS between1.000- -0.597were observed. Majority of the ardaasd shown
MDS between-1.000- -0.799 whereby theSouthernpart of the regiorhad
shownhigher values oMDS. In subperiod 20032007,MDS between0.874
- -0.472were observed. Majority of the ardasd showrMDS between0.874
- -0.673 whereby thewhole regionhad showrhigher values oMDS, except
for the North-East In subperiod 2008012, MDS between-0.733- -0.212
were observed. Majority of the ardasd showrMDS between0.733--0.473
whereby thewhole region had showrhigher values oMDS, exceptfor the
North-East In subperiod 20132017, MDS between-0.846 - -0.566 were
obsened. Majority of the areakad shownMDS between-0.846 - -0.566
whereby thavholeregionhad showrhigher values oMDS.

Over the six sulperiods, it was observed thagjority of the areabad
shown peak MDS isub-period 19881992. MDS decreased afavest MDS
was observed in 199B997. MDS then gradually increased on the following
periods. BesidesheNorthern part of the region had relatively shown high MDS
over the suiperiods, except for 1998002 that relatively showed high MDS at
station 616800 and 5768001Given the location of these stations l@zhin
inland area, the high MDS8ould be affected by Banjargrocker which is
located near to the stations. Banjai@rocker could block the North-East

Monsoon from reaching the statiomg)erebyone side of a mountain range may
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be rainy and the other side may bdrg area, which lead to high MD& a
specific area.

In Region 5 MDS betweenl.246 -0.539were observed in syberiod
19881992. Majority of the areakad shownMDS between-1.010- -0.775
whereby théWVesternpart of the regiorhad showrhigher values oMDS. In
subperiod 19931997,MDS between1.214- -0.523were observed. Majority
of the areaviad showrMDS between0.984- -0.523 whereby theNorth-East
and SoutkEastpart of the regionhad showrhigher values oMDS. In sub
period 1998002 MDS between-1.404- -0.396were observed. Majority of
the areafiad showrMDS between1.202- -0.799 whereby theNorthernpart
of the regiorhad showrigher values oMDS. In subperiod 20032007,MDS
between1.076- -0.472were observed. Majority of the ardaesd showrMDS
between0.874- -0.673 whereby theNorth-West parof the regiorhad shown
higher values ofIDS. In subperiod 200&8012,MDS betweert0.9995--0.212
were observed. Majority of the ardasd showrMDS between0.995- -0.473
whereby theSouthernpart of the regiormad showrhigher values oMDS. In
subperiod 20132017,MDS between-0.846- -0.285were observed. Majority
of the areabad showrMDS betveen-0.846- -0.566 whereby théeasterrpart
of the regiorhad showrhigher values oMDS.

Over the six sulperiods, it was observed thagjority of the areabad
shown MDS gradually increasedsnb-period 19881992, and peak MDS was
observed in 1992002. MDS decreased and lowest MDS was observed irr 2008
2012. MDS then increased in the following period. BesittesNorthern and
Eastern pastof the region had relatively shown high MDS over the-gabods,
except for 19881992, 2008012 that relatigly showed high MDS at station
5163002, 4764002 and 49590@liven the location of these stations lt@chin
inland area, the high MD8ould be affected by Banjara@rockerwhich is
located near to the stations. Banjat@rocker could block the North-East
Monsoon from reaching the statiomd)erebyone side of a mountain range may
be rainy and the other side may bdrg area, which lead to high MD8 a

specific area.
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In Region § MDS between1.483 -0.303were observed in syberiod
19881992. Majority of the areabad shownMDS between-1.246- -0.539
whereby thdcasterrpart of the regiohad showrhigher values oMDS. In sub
period 19931997,MDS between-0.984- -0.293were observed. Majority of
the areatiad showrMDS between0.753- -0.523 whereby theNorthernpart
of the regiorhad showrhigher values oMDS. In subperiod 1998002 MDS
between1.202- -0.597were observed. Majority of the ardasd showrMDS
between1.000- -0.597 whereby théNestern and Eastepars of the egion
had showrhigher values oMDS. In subperiod 20032007,MDS between
1.278- -0.472were observed. Majority of the ardasd showrMDS between
1.076- -0.673 whereby theCentral parbf the regiorhad showrhigher values
of MDS. In subperiod 208-2012,MDS between1.256- -0.473were observed.
Majority of the areasiad showrMDS between-0.995- -0.473 whereby the
Western and Centrglars of the regionhad showrhigher values oMDS. In
subperiod 20132017,MDS between-0.846- -0.285were observed. Majority
of the areabad showrMDS between0.846- -0.566 whereby thevholeregion
had showrhigher values oMDS, excepfor theCentral part

Over the six sulperiods, it was observed thagjority of the areabad
shown peak MDS isub-period 19881992. MDS then decreased gradually and
lowest MDS was observed in 20@812. MDS then increased in the following
period. Besideghe Western part of the region had relatively shown high MDS
over the sulperiods, except for 1988992, 19931997, 20032007 that
relatively showed high MDS at station 3635001, 4449012 and 45480@2h
the location of the stations being near to seashore, theMif® could be
affected by the ENifio episode®f 19911992, 19871988, 19941995, 1997
1998, 20022003, 20042005 and 200007 that inhibited rainfall occurrence

due to the increase in sea surface temperature.

In Region 7, MDS between1.246 -0.539were observed in syberiod
19881992. Majority of the areaksad shownMDS between-1.010- -0.775
whereby theSouthEastpart of the regiomad showrhigher values oMDS. In
subperiod 19931997,MDS between-1.214- -0.523were observed. Majority
of the areavhad shownvIDS between-0.984- -0.754 whereby theSouthern
part of the regioad showrhigher values oMDS. In subperiod 1998002
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MDS between1.000- -0.396were observed. Majority of the arelaesd shown
MDS between-0.798- -0.396 whereby thewhole region had showrhigher
values ofMDS, excepffor the Southern part In subperiod 2@3-2007,MDS
between1.076- -0.472were observed. Majority of the ardasd showrMDS
between-0.874- -0.673 whereby theEastern parbf the regionhad shown
higher values oMDS. In subperiod 20082012,MDS between1.256- -0.473
were observed. Majiy of the areafiad showrMDS between0.995- -0.734
whereby thdcasterrpart of the regiohad showrhigher values oMDS. In sub
period 20132017,MDS between-1.128- -0.566were observed. Majority of
the areashad shownMDS between-1.128 - -0.566 whereby theCentral,
Western and Northenparts of the regiorhad showrhigher values oMDS.

Over the six sulperiods, it was observed thagjority of the areabad
shown MDS gradually decreasedsnbperiod 19881992, and lowest MDS
was observed it19982002. MDS then increased in the following periods, and
peak MDS was observed in 202817. Besideghe Eastern part of the region
had relatively shown high MDS over the spéxiods, except for 1998997 that
relatively showed high MDS at station 1408, 1816029Given the location
of these stations lotad in inland area, the high MD&uld be affected by
BanjaranKelinkangwhich is located near to the stations. Banjdfafinkang
could blockthe SouthWestMonsoon from reaching the statiomgherebyone
side of a mountain range may be rainy and the other side mayliyeagaea,
which lead to high MD$ a specific area.

In Region § MDS between1.246 -0.775were observed in syberiod
19881992. Majority of the areasad shownMDS between-1.010- -0.775
whereby théWVesternpart of the regiorhad showrhigher values oMDS. In
subperiod 19931997,MDS between1.214- -0.523were observed. Majority
of the areabad showrMDS between0.984- -0.523 whereby thaVesterrmpart
of the regiorhad shavn higher values oMDS. In subperiod 1998002 MDS
between1.202- -0.597were observed. Majority of the ardasd showrMDS
between-1.000- -0.799 whereby theEasternpart of the regiorhad shown
higher values oMDS. In subperiod 20032007,MDS between1.076--0.472
were observed. Majority of the ardasd showrMDS between0.874- -0.472
whereby theNestern and Central panf the regionhad showrhigher values
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of MDS. In subperiod 20082012,MDS between0.995- -0.212were observed.
Majority of the areasad showrMDS between-0.733- -0.473 whereby the
Southernpart of the regiorhad showrhigher values oMDS. In subperiod
20132017,MDS between0.846- -0.285were observed. Majority of the areas
had showMDS between0.846- -0.566 whereby thevholeregionhad shown
higher values oMDS, excepfor theNorth-West

Over the six sulperiods, it was observed thagjority of the areabad
shown peak MDS isubperiod 19881992. MDS then decreased gradually in
the following periods, rrd lowest MDS was observed in 26R307. MDS then
increased in the following periods. Besidé® Western part of the region had
relatively shown high MDS over the syleriods, except for 1998002, 2008
2012 that relatively showed high MDS at station BliL, 6264001, 6365001.
Given the location of the stations being near to seashore, thé&/R§could
be affected by the BMifio episode®f 19971998, 2002003 and 2002010

that inhibited rainfall occurrence due to the increase in sea surface tengeratur

In Region 9 MDS between1.246 -0.539were observed in syeriod
19881992. Majority of the areasad shownMDS between-1.010- -0.775
whereby theSouthernpart of the regiormad showrhigher values oMDS. In
subperiod 19931997,MDS between-1.214- -0.523were observed. Majority
of the areaviad showrMDS between0.984- -0.754 whereby theNorth-East
part of the regiomad showrhigher values oMDS. In subperiod 1998002
MDS between0.789- -0.396were observed. Majority of the ardaasd shown
MDS between-0.798- -0.597 whereby thewhole regionhad shownrhigher
values ofMDS, excepffor the Southern and Central parn subperiod 2003
2007,MDS between-1.076- -0.270were observed. Majority of the arelaad
shownMDS between-0.874 - -0.472 whereby theNorthern and Central part
of the regiorhad showrhigher values oMDS. In subperiod 20082012,MDS
between0.995- -0.212were observed. Majority of the ardasd showrMDS
between0.995- -0.473 whereby thavholeregionhadshownhigher values of
MDS, excepffor the Northern partin subperiod 20132017,MDS between
1.128- -0.566were observed. Majority of the ardzed showrMDS between
1.128- -0.566 whereby théVestermpart of the regiomad showrhigher values
of MDS.
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Over the six sulperiods, it was observed thagjority of the areabad
shown MDS gradually increasedsnb-period 19881992, and peak MDS was
achieved in 2002007. MDS then decreased in the following periods and
lowest MDS was observed in 202817.Besidesthe Northern and Western
pars of the region had relatively shown high MDS over the-gabods, except
for 19881992 that relatively showed high MDS at station 2615009, 2719001,
27118022 and other stations near todiven the location of thesstations
locaed in inland area, the high MD&uld be affected by Banjardapuas
Hulu which is located near to the stations. Banjafapuas Hulucould block
the SouthWest Monsoon from reaching the stationgherebyone side of a
mountain range may lrainy and the other side may béry area, which lead

to high MDSin a specific area.

4.4.4 Summary

According to the study witlsPF1, the occurrence dfIDS was the highest
among thesubperiods Peak MDS with the range 6f.293 - -1.161 had
occurred in Regio 3 of East Malaysia, and it was predicted that the high MDS
was caused by mountainous topography due to the location of drought events.
As for subperiod 19931997, the occurrence of MDS was considered high
among the suiperiods. Peak MDS with the rangé 4.141- -1.015 had
occurred in Region 5 of East Malaysia. By referring to the location of drought
events, it was predicted that high MDS was caused by mountainous topography
as well.On averagethe occurrence of MDS was considered low in-gebod
198-2002. Peak MDS with the range-@f245- -1.093 had occurred in Region

1 of East Malaysia, and it was caused by mountainous topography. For sub
period 20032007, the occurrence of MDS was low among theernds.

Peak MDS with the range e1.122- -1.010 was observed in Region 6 of East
Malaysia, and it was predicted that the high MDS was causel-byiiio
episodesiue to its location being near to seashore. Fompsuind, 20082012,

peak MDS with the range 61.094- -0.969 was observed in RegioroBEast
Malaysia. However, it could be caused by the mountainous topography due to
its location. For suiperiod 20132017, peak MDS with the range -df.130- -

1.013 was observed in Region 3 of East Malaysia, and it could be caused by the

mountainous topgraphy due to its locatiomn overall,the SP}F1 analysishad
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shownthat peakMDS had occurred often in théastern and Central paf
East MalaysiaBesides, Region 3 had shotthr®@most occurrence of peak MDS.
Regarding the location of MDS, peak MDS were mostly caused by mountainous
topography rather thdgl-Nifio episodes

As for SP43, the occurrence dMIDS was high in sukperiod 19881992
as compared to other sypleriods Peak MDSwith the range 0f1.333- -1.175
had occurred in Region 4 of East Malaysia, and it was predicted that the high
MDS was caused by mountainous topography due to the location of drought
events. In suiperiod 19931997, the occurrence of MDS was the highastiag
the subperiods. Peak MDS with the range-af149- -0.998 had occurred in
Region 7 of East Malaysia. By referring to the location of drought events, it was
predicted that high MDS was caused by mountainous topography a®©well.
averagethe occurrace of MDS was considered low in spberiod 19982002.
Peak MDS with the range e1.415- -1.221 had occurred in Region 1 of East
Malaysia, and it was caused by mountainous topography. Fqresidn 2003
2007, peak MDS with the range-df.148- -0.994 vas observed in Region 9 of
East Malaysia, and it was predicted that the high MDS was caudeldNigio
episodesiue to its location being near to seashore. Fompsuind, 20082012,
peak MDS with the range e1.234- -1.058 was observed in Region 3 ofsEa
Malaysia. However, it could be caused by the mountainous topography due to
its location. For suiperiod 20132017, peak MDS with the range -df.313- -
1.116 was observed in Region 1 of East Malaysia, and it could be causkd by
Nifio episodeslue to is location being near to seashore. In overall;Srdd
shownthat peakMDS had occurred often ithe Eastern and Central parf
East MalaysiaBesides, Region 1 showdde most occurrence of peak MDS.
Regarding the location of MDS, peak MDS were mostlysed by mountainous
topography rather thdal-Nifio episodes

For SP16, the occurrence dIDS was high in sukperiod 19881992 as
compared to other syeriods Peak MDS with the range df.483- -1.247 had
occurred in Region 6 of East Malaysia, an@ats predicted that the high MDS
was caused by mountainous topography due to the location of drought events.
In subperiod 19931997, the occurrence of MDS was considered high among
the subperiods. Peak MDS with the range-4f496- -1.215 had occurreahi

Region 3 of East Malaysia. By referring to the location of drought events, it was
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predicted that high MDS was caused by mountainous topography a©well.
averagethe occurrence of MDS was the highest inpahbod 19982002. Peak
MDS with the range 0f1.404- -1.203 had occurred in Region 1 of East
Malaysia, and it was caused by mountainous topography. Fgresidn 2003

2007, the occurrence of MDS was high among thepguimds. Peak MDS with

the range 0f1.278- -1.077 was observed in Region 3 &fdE Malaysia, and it

was predicted that the high MDS was caused by mountainous topography. For
subperiod, 2008012, peak MDS with the range e1.519- -1.257 was
observed in Region 3 of East Malaysia, and it could be caused by the
mountainous topographyue to its location. For syferiod 20132017, peak
MDS with the range 0f1.410- -1.129 was observed in Region 1 of East
Malaysia, and it could be caused BlyNifio episodeslue to its location being
near to seashore. In overall, SFhad showrthat p@kMDS had occurred often

in Eastern and Central part of East MalayBesides, Region 3 had shown most
occurrence of peak MDS. Regarding the location of MDS, peak MDS were

mostly caused by mountainous topography rather Ehd\ifio episodes

4.5 Mean Drought Intensity

45.1 SPI-1

Mean drought intensitis the mean of drought magnitude within a study period
SPI at Imonth timescale was utilised in order to study the spatial variations of
MDI as shown in Figure 4.10hecolour depth from yellow to red indicate®th

level of MDI from lowest to highest category.
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Figure4.10: Mean Drought Intensity maps of SPFfor each 5years sufperiod
along 19882017.

In Region 1, MDI between1.005- -0.553were observed in syieriod
19881992. Majority of the areasad shownMDI between-0.892 - -0.666
whereby theCentre parof the regiorhad showrhigher values oMDI. In sub
period 19931997,MDI between0.805- -0.490were observedVajority of the
areashad showrMDI between-0.805- -0.49Q whereby théNest and Centre
pars of the regiorhad showrhigher values oMDI. In subperiod 1998002
MDI between-1.157- -0.452 were observed. Majority of the area had shown
MDI between-0.874 -0.593wherebythe SouthEast partof the regionhad
shownhigher values oMDI. In subperiod 20032007,MDI between-0.946-
-0.604 were observed, majority of the areas showed MDI betwkr8821
0.604,whereby the&southern part of the region had shown higher value of MDI.
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In subperiod 20082012,MDI between0.882--0.437 were observed. Most of
the areas showed MDI between770- -0.548,whereby theNorth-East had
shown higher MDL.In subperiod 20132017, MDI between-0.892- -0.410
were observed. Majority areas had shown MDI betwei71 - -0.531,
whereby theCentre part had showngher values oMDI.

Over the six superiods, it was observed thagjority of the areabad
shown peak MDI insubperiod 19881992. MDI gradually decreased since
19931997, and lowest MDI was achieved in 2€A@RL7. Besidedzastern and
Centre part had relatively shown higher MDI, exceptjgebod 20032007 that
relatively showed high MDI at station 4474002iven the location fothe
stations being near to seashore, the MgH could be affected by the Hifio
episodesof 20022003, 20042005 and 200&007 that inhibited rainfall

occurrence due to the increase in sea surface temperature.

In Region 2 MDI between1.005- -0.77 were observed in syieriod
19881992. Majority of the areasad shownMDI between-1.005- -0.779
whereby th&Centre, North and West padf the regiorhad showrhigher values
of MDI. In subperiod 19931997 ,MDI between0.805- -0.490were observed.
Majority of the areaiad shownVIDI between-0.805- -0.595 whereby the
Easterrpart of the regiomad showrhigher values oMDI. In subperiod 1998
2002 MDI between-0.733- -0.452 were observed. Majority of the area had
shown MDI between0.733- -0.452whereby theCentre and Eastern pauf
the regionhad showrhigher values oMDI. In subperiod 20032007, MDI
between-0.832 - -0.489 were observed, noajty of the areas showed MDI
between0.7177 0.604,whereby theNorth-West part of the region had shown
higher value of MDIIn subperiod 20082012,MDI between-0.882- -0.437
were observed. Most of the areas showed MDI betw@er70 - -0.548,
wherebythe Western part had shown higher M. subperiod 20132017,
MDI between-0.892- -0.410 were observed. Majority areas had shown MDI
between0.771- -0.410,whereby theCentre part had showmgher values of
MDI.

Over the six suiperiods, it was obseed thatmajority of the areabad
shown peak MDI insubperiod 19881992. MDI gradually decreased since
19931997, and lowest MDI was observed in 12482. MDI then slowly
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increased in the following periods. Besidté® Easern Western and Central
patts had relatively shown higher MDI, especially at station 1102019, 1203002,
1201076 and other stations near tdGiven the location of the stations being
near to seashore, the highDI could be affected by the Hifio episodes
happeneaf 19871988, 19911992, 19941995, 19971998, 20022003, 2004
2005, 20062007, 20092010, 20142015 and 2012016that inhibited rainfall

occurrence due to the increase in sea surface temperature.

In Region 3 MDI between1.119- -0.553were observed in syeriod
19881992. Majority of the areasad shownMDI between-1.005- -0.779
whereby theNorth-Eastof the regiorhad showrhigher values olMDI. In sub
period 19931997 ,MDI betweenl1.017- -0.595were observedMajority of the
areashad showrMDI between-0.910- -0.70Q whereby theNorth-Eastof the
region had shownhigher values ofMDI. In subperiod 1998002 MDI
between1.015- -0.452 were observed. Majority of the area had shown MDI
between0.874- -0.593whereby the&SouthEastof the regiorhad showrhigher
values ofMDI. In subperiod 20032007, MDI between-0.946- -0.489 were
observed, majority of the areas showed MDI betw@eB32i 0.604,whereby
theSouthEast part of the region had shown higher value of Ntb$ubperiod
20082012, MDI between-0.994 - -0.548 were observed. Most of the areas
showed MDI betweer0.882- -0.660,whereby theSouthEast part had shown
higher MDI. In subperiod 20132017, MDI between-1.014 - -0.531 were
observed. Majority areas had shown MDI betwd€k892- -0.652,whereby the
Centre part had showngher values oMDI.

Over the six suiperiods, it was observed thagjority of the areabad
shown peak MDI insubperiod 19881992. MDI gradually decreased since
19931997, and lowest MDI was observed in 19982. MDI ten slowly
increased in the following periods. BesidiéeSouthEast and NortiEast pad
had relatively shown higher MDI, except for spériod 20132017 that
relatively showed high MDI at station 2141048iven the location of these
stations loated ininland area, the higMDI could be affected by Pergunungan
Iran and Pergunungan Hose which are located near to the stations. Pergunungan
Iran could blockthe North-East Monsoon, whereas Pergunungan Hose could

blockthe SouthWest Monsoon from reaching th® stations.
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In Region 4 MDI between1.005- -0.779were observed in syteriod
19881992. Majority of the areasad shownMDI between-0.892- -0.779
whereby theNorth-Eastpartof the regiorhad showrhigher values oMDI. In
subperiod 19931997,MDI between0.805- -0.595were observedviajority
of the areavrad showrnMDI between-0.805- -0.70Q whereby theNorthern,
Western and Centreartsof the regiorhad showrhigher values oMDI. In sub
period 199&002 MDI between-0.874- -0.593 were bserved. Majority of the
area had shown MDI betweeh 733- -0.593whereby th&Vesterrof the region
had showrhigher values oMDI. In subperiod 20032007, MDI between-
0.946--0.718 were observed, majority of the areas showed MDI betQe®46
T 0.718, whereby theSouthEast and Centre parbf the region had shown
higher value of MDLIn subperiod 20082012, MDI between-0.770- -0.548
were observed. Most of the areas showed MDI betw&er/0 - -0.660,
whereby th&Centre part had shown higher MIM.subperiod 20132017,MDI
between0.892- -0.652 were observed. Majority areas had shown MDI between
-0.771- -0.652,whereby thaVestern part had showngher values oMDI.

Over the six sulperiods, it was observed thagjority of the areabad
shovn MDI gradually decreased sinseibperiod 19881992. Lowest MDI
gradually was observed in 192802. MDI then slowly increased in the
following periods and peak MDI was observed in 2Q087. Besidesthe
Western and Centre paihad relatively shown higher MDI, except for sub
period 19881992 that relatively showed high MDI at station 61680Bi/en
the location of these stations l¢ed in inland area, the high Mould be
affected by Banjararockerwhich is located near tdé¢ stations. Banjaran
Crocker could block the North-East Monsoon from reaching the stations,
wherebyone side of a mountain range may be rainy and the other side may be
adry area, which lead to high MIn a specific area.

In Region § MDI between1.0® - -0.666were observed in syberiod
19881992. Majority of the areasad shownMDI between-0.892- -0.779
whereby theWesternof the regionhad showrhigher values oMDI. In sub
period 19931997 ,MDI betweenrt0.910- -0.595were observedMajority of the
areashad shownMDI between-0.805- -0.70Q whereby theEasternof the
region had shownhigher values ofMDI. In subperiod 1998002 MDI
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between-1.015- -0.593 were observed. Majority of the area had shown MDI
between-0.874- -0.734whereby theNesternof the regiorhad showrhigher
values ofMDI. In subperiod 20032007, MDI between-1.062- -0.718 were
observed, majority of the areas showed MDI betwé@edb62i 0.833,whereby
theWestern and Centre padf the region had shown higher value obMIn
subperiod 20082012, MDI between-0.882- -0.548 were observed. Most of
the areas showed MDI betwedh882- -0.660,whereby theSouthWest part
had shown higher MDIn subperiod 20132017,MDI between1.014--0.531
were observed. Majority areas had shown MDI betwe®B892 - -0.652,
whereby theCentre part had showngher values oMDI.

Over the six sulperiods, it was observed thagjority of the areabad
shown MDI gradually increased sincibperiod 19881992. Peak MDI
gradually was observed in 20@807. MDI then slowly decreased in the
following periods and lowest MDI was observed in 2@037. Besidesthe
Western and Centre parbad relatively shown higher MDI, except for sub
period 19931997 that relatively showed high MDI at station 51630G2.en
the location of these stations I¢ed in inland area, the high M@ould be
affected by Banjararockerwhich is located near to the stations. Banjaran
Crocker could block the North-East Monson from reaching the stations,
wherebyone side of a mountain range may be rainy and the other side may be

adry area, which lead to high MIn a specific area.

In Region § MDI between1.005- -0.666were observed in syieriod
19881992. Majority of he areathad shownMDI between-0.892- -0.779
whereby thd=asterrpartof the regiorhad showrhigher values oMDI. In sub
period 19931997,MDI between0.910- -0.595were observedVajority of the
areashad showrMDI between0.910- -0.70Q wherebythe Easterrpartof the
region had shownhigher values ofMDI. In subperiod 1998002 MDI
between-1.015- -0.593 were observed. Majority of the area had shown MDI
between0.874- -0.593,whereby theEasternof the regionhad showrhigher
values ofMDI. In subperiod 20032007, MDI between-0.946- -0.489 were
observed, majority of the areas showed MDI betw@e8327 0.604,whereby
theSouthWest part of the region had shown higher value of Mib$ubperiod
20082012, MDI between-0.882- -0.548 wee observed. Most of the areas
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showed MDI betweer0.882- -0.660,whereby theéSouthEast part had shown
higher MDI. In subperiod 20132017, MDI between-0.892 - -0.531 were
observed. Majority areas had shown MDI betwd€k892- -0.652,whereby the
Westen part had showhigher values oMDI.

Over the six superiods, it was observed thagjority of the areabad
shown MDI gradually increased sincibperiod 19881992. Peak MDI
gradually was observed in 199397. MDI then slowly decreased in the
following periods and lowest MDI was observed in 12882. MDI then
increased and maintained in the following periods. Besities/Vestern and
Eastern part had relatively shown higher MDI over theiods, especially
station 4151017 and 44500QGiven thelocation of the stations being near to
seashore, the highiDI could be affected by the Hifio episodesf 19871988,
19911992, 19941995, 19971998, 20022003, 20042005, 20062007, 2009
2010, 20142015 and 2012016that inhibited rainfall occurrence duo the

increase in sea surface temperature.

In Region 7 MDI between1.005- -0.666were observed in syeriod
19881992. Majority of the areasad shownMDI between-0.892- -0.779
whereby theCentreof the regionhad showrhigher values oMDI. In sub
period 19931997 ,MDI betweent0.910- -0.595were observedajority of the
areashad showrnMDI between-0.910- -0.70Q whereby theSouthernof the
region had shownhigher values ofMDI. In subperiod 1998002 MDI
between0.874- -0.452 were observed. Majority of the area had shown MDI
between-0.733- -0.593, whereby themost of the regionhad shownhigher
values ofMDI, exceptfor the Western partln subperiod 20032007, MDI
between-0.946 - -0.604 were olerved, majority of the areas showed MDI
between-0.832- -0.604,whereby theSouthern part of the region had shown
higher value of MDIlIn subperiod 2008012,MDI between-0.882- -0.548
were observed. Most of the areas showed MDI betw@eri/0 - -0.545
whereby théSouthEast part had shown higher M. subperiod 20132017,
MDI between-0.892- -0.531 were observed. Majority areas had shown MDI
between-0.892- -0.652,whereby theNorthern and Western parhad shown
higher values oMDI.
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Over the & sub-periods, it was observed thagjority of the areabad
shown MDI gradually increased sincibperiod 19881992. Peak MDI
gradually was observed in 199397. MDI then slowly decreased in the
following periods and lowest MDI was observed in 2@082. MDI then
increased and maintained in the following periods. BesttlesSouthern part
had relatively shown higher MDI over the spériods, except for superiods
19881992 and 2012017 that relatively showed high MDI at station 1415001,
1615023 an®05039 Given the location of these stations l@zhin inland area,
the high MDIcould be affected by Banjar&telinkangwhich is located near to
the stations. BanjaraKelinkang could block theNorth-East Monsoon from
reaching the stationsyherebyone sde of a mountain range may be rainy and

the other side may beday area, which lead to high MM a specific area.

In Region § MDI between1.005- -0.666were observed in syeriod
19881992. Majority of the areaBad shownMDI between-0.892- -0.779
whereby theNorthernof the regionhad showrhigher values oMDI. In sub
period 19931997,MDI between0.910- -0.595were observedVajority of the
areashad shownMDI between-0.805- -0.595 whereby théWesternof the
region had shownhigher \alues of MDI. In subperiod 19982002 MDI
between0.874- -0.452 were observed. Majority of the area had shown MDI
between-0.733- -0.593,whereby theWestern parof the regionhad shown
higher values oMDI. In subperiod 20032007,MDI between-1.062- -0.604
were observed, majority of the areas showed MDI betwee#6- -0.718,
whereby theSouthern and Western padf the region had shown higher value
of MDI. In subperiod 20082012,MDI between0.770--0.437 were observed.
Most of the areas sin@d MDI between0.659- -0.437,whereby theNorthern
part had shown higher MDIn subperiod 20132017,MDI between0.892- -
0.531 were observed. Majority areas had shown MDI betw@&ii1- -0.652,
wherebyalmostthewhole region had showmgher vales ofMDI.

Over the six sulperiods, it was observed thagjority of the areabad
shown MDI gradually increased sin@ibperiod 19881992. Peak MDI
gradually was observed in 20@807. MDI then decreased and maintained in
the following periods. Besidethe Western and Northern parad relatively

shown higher MDI over the syteriods Given the location of the stations being
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near to seashore, the higtDI could be affected by the Hifio episode®f
19871988, 19911992, 19941995, 19971998, 20022003, 20042005, 2006
2007, 20092010, 20142015 and 2012016that inhibited rainfall occurrence

due to the increase in sea surface temperature.

In Region 9 MDI between1.005- -0.666were observed isub-period
19881992. Majority of the areasad shownMDI between-0.892- -0.779
whereby theNorthern and Eastern pauf the regiorhad showrhigher values
of MDI. In subperiod 19931997 ,MDI between0.910- -0.595were observed.
Majority of the areahad shownMDI between-0.805- -0.595 whereby the
Southernof the regionhad showrhigher values oMDI. In subperiod 1998
2002 MDI between-0.874- -0.452 were observed. Majority of the area had
shown MDI betweenr0.733- -0.593,whereby theCentre rtof the regiorhad
shownhigher values oMDI. In subperiod 20032007,MDI between-0.946-
-0.604 were observed, majority of the areas showed MDI betvie@46- -
0.718,whereby theEastern and Centre psudf the region had shown higher
value of MDL In subperiod 2008012, MDI between-0.770- -0.437 were
observed. Most of the areas showed MDI betw8e8b9- -0.437,whereby the
SouthEast part had shown higher Mn.subperiod 20132017 ,MDI between
-1.014- -0.652 were observed. Majority ardasd shown MDI betwee.892
- -0.652,whereby theCentre, Northern and Southern garad showrhigher
values ofMDI.

Over the six sulperiods, it was observed thagjority of the areabad
shown MDI gradually increased sinibperiod 19881992. PeakMDI
gradually was observed in 20@B07. MDI then slowly decreased in the
following periods and lowest MDI was observed in 2@082. MDI then
increased and maintained in the following period. BesittesCentral and
Eastern part had relatively shown Inég MDI over the suiperiods, except for
subperiod 19931997 that relatively showed high MDI at station 2325039.
Given the location of these stations l@zhin inland area, the high MBbuld
be affected by Banjarakapas Huluwhich is located near to ¢hstations.
BanjaranKapas Huluwcould blockthe SouthWestMonsoon from reaching the
stationswherebyone side of a mountain range may be rainy and the other side

may be ary area, which lead to high M1 a specific area.
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452 SPI-3

Mean drought intensitis the mean of drought magnitude within a study period
SPI at 3month timescale was utilised in order to study the spatial variations of
MDI as shown in Figure 4.1Thecolour depth from yellow to red indicates the

level of MDI from lowest to highest cagery.

A3 23
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--0.494 - -0.677 - -0.467
-0.466 - 0.255

Figure4.11: Mean Drought Intensity maps of SBfor each 5years sukperiod
along 19882017.

In Region 1, MDI between-0.994- -0.433 were observed in syeriod
19881992. Majority of the areasad shownMDI between-0.807 - -0.620,
whereby theCentral part of the regidmad showrhigher values of MDI. In sub
period 19931997, MDI betweenr0.848- -0.363 wee observed. Majority of the
areashad shownvIDI between-0.726- -0.484,whereby theNorthern part of
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the regionhad shownrhigher values of MDI. In superiod 1998002, MDI
between0.975- -0.531 were observed. Majority of the ar&éasl showrMDI
betwea -0.826- -0.531,whereby theSouthEast part of the regiolmad shown
higher values of MDI. In superiod 20032007, MDI between0.921- -0.403
were observed. Majority of the ardaasd showrMDI between-0.661- -0.532,
whereby théeastern part of the ggonhad showrhigher values of MDI. In sub
period 2008012, MDI betweenr0.813- -0.333 were observed. Majority of the
areashad shownMDI between-0.653 - -0.333, whereby theCentral and
Western pad of the regionhad showrhigher values of MDI. In superiod
20132017, MDI betweenl.312- -0.467 were observed. Majority of the areas
had showrMDI between-1.099- -0.678,whereby thdcastern part of the region
had showrhigher values of MDI.

Over the six superiods, it was observed that majority oé #reahad
shownMDI gradually decreased since spériod 19881992. Lowest MDI was
observed in 2002012. MDI then increased and peak MDI was observed in
20132017. Besideghe Eastern and Central patiad relatively showihigher
MDI over the sukperiads, except for 1993997 that relatively showed high
MDI at station 5482001 and 5582001. Given the location of the stations being
near to seashore, the high MDI could be affected by theifitl episodeof
19941995, 19971998 that inhibited rainfall occrence due to the increase in

sea surface temperature.

In Region 2 MDI between0.994- -0.620 were observed in syleriod
19881992. Majority of the areasad shownMDI between-0.807 - -0.620,
whereby theNorth-West part of the regiohad showrhigher \alues of MDI. In
subperiod 19931997, MDI between0.726- -0.484 were observed. Majority
of the areabad showrMDI between-0.726- -0.606,whereby thavhole region
had shownrhigher values of MDI. In suberiod 199&002, MDI between
0.678- -0.382 wee observed. Majority of the arehad showrMDI between-
0.678- -0.382,whereby théNorthern and Eastern padf the regiorhad shown
higher values of MDI. In superiod 20032007, MDI between0.790- -0.403
were observed. Majority of the ardaad show MDI between-0.790- -0.532,
whereby theNorthern, Eastern and NoriNest pars of the regionhad shown
higher values of MDI. In superiod 20082012, MDI between0.813- -0.494
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were observed. Majority of the ardasd showrMDI between-0.813- -0.494,
whereby theWestern, Southern and Eastern paft the regionhad shown
higher values of MDI. In superiod 20132017, MDI between0.888- -0.467
were observed. Majority of the ardasd showrMDI between-0.888 -0.467,
whereby theNorthern part of the regiomad showrhigher values of MDI.

Over the six superiods, it was observed that majority of the atess$
shownMDI gradually decreased since spériod 19881992. Lowest MDI was
observed in 1992002. MDI then graduallyncreased and peak MDI was
observed in 201:2017. Besideghe Eastern parhad relatively showiigher
MDI over the sukperiods, except for 1988992 and 201-2017 that relatively
showed high MDI at station 1996090, 1897016 and 1698007. Given thetocatio
of the stations being near to seashore, the high MDI could be affected by the El
Nifilo episodeghat had occurredn 19871988, 19911992, 20142015 and
20152016 that inhibited rainfall occurrence due to the increase in sea surface

temperature.

In Region 3, MDI between0.994- -0.433 were observed in syleriod
19881992. Majority of the areasad shownMDI between-0.807 - -0.620,
whereby theNorthern and SoutkiVest pars of the regionhad showrhigher
values of MDI. In sukperiod 19931997, MDI betwen-0.970- -0.363 were
observed. Majority of the aredsad shownMDI between-0.726 - -0.484,
whereby thé=astern part of the regidrad showrhigher values of MDI. In sub
period 1998002, MDI betweeRr0.978- -0.382 were observed. Majority of the
areashad showrMDI between-0.826 -0.531,whereby thaVestern part of the
region had shownhigher values of MDI. In suberiod 20032007, MDI
between0.921- -0.274 were observed. Majority of the ar&éasl showrMDI
between0.661- -0.403,whereby theEasten and Western padf the region
had shownrhigher values of MDI. In suberiod 2008012, MDI between
1.135- -0.333 were observed. Majority of the arbasl showrMDI between-
0.813--0.494 whereby theNorthern part of the regidmad showrhigher vales
of MDI. In subperiod 20132017, MDI betweer0.888- -0.255 were observed.
Majority of the areahad shownMDI between-0.888 -0.467,whereby the
Northern part of the regidmad showrhigher values of MDI.
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Over the six superiods, it was observedahmajority of the areasad
shownMDI gradually decreased since spériod 19881992.Lowest MDI was
observed in 2002007. MDI then gradually increased and peak MDI was
observed in 201-2017. Besideghe Western parhad relatively showihigher
MDI over the subperiods, except for 1998997, 200&012, 20132017 that
relatively showed high MDI at station 2346001,1947001, 3850020 and 3847035.
Given the location of these stations located in inland area, the high MDI could
be affected by Pergunungan Iran &etgunungan Hose which are located near
to the stations. Pergunungan Iran could bibelNorth-East Monsoon, whereas
Pergunungan Hose could blottle SouthWest Monsoon from reaching those

stations.

In Region 4 MDI between1.369- -0.808 were obserden subperiod
19881992. Majority of the areasad shownMDI between-0.994 - -0.808,
whereby theNorthern part of the regiohad showrhigher values of MDI. In
subperiod 19931997, MDI between0.726- -0.484 were observed. Majority
of the areadad shownMDI between-0.726- -0.484,whereby theEastern,
Northern and Western paif the regiorhad showrhigher values of MDI. In
subperiod 19982002, MDI between0.826- -0.382 were observed. Majority
of the areakad showrMDI between-0.826 -0.531,whereby thaVestern and
Southern pastof the regionhad showrhigher values of MDI. In suberiod
20032007, MDI between0790- -0.532 were observed. Majority of the areas
had showrMDI between-0.661- -0.532,whereby theSouthEast part of the
region had shownhigher values of MDI. In suberiod 2008012, MDI
between0.653- -0.333 were observed. Majority of the aréasl showrVIDI
between0.653 -0.494,whereby thevhole regiorhad showrhigher values of
MDI, exceptfor the Northern part. In suiperiod 20132017, MDI between
0.888- -0.467 were observed. Majority of the aréasl showrMDI between-
0.888 -0.467,whereby thesouthern part of the regidrad showrhigher values
of MDI.

Over the six superiods, it was observed that majority of theashad
shownpeak MDI in subperiod 19881992. MDI then decreased and lowest
MDI was observed in 1998997. MDI then gradually increased and remained

in the following periods. Besidethe Southern parhad relatively showhigher
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MDI over the subperiods, except for 1988992, 19931997 that relatively
showed high MDI at station 6168001. Given the location of these stations
located in inland area, the high MDI could be affected by Banjaran Crocker
which is located near to the stations. Banjaran Croakeiddlockthe North-

East Monsoon from reaching the statiomserebyone side of a mountain range
may be rainy and the other side may be a dry area, which lead to high MDI in a

specific area.

In Region 5 MDI between0.994- -0.433 were observed in syeriod
19881992. Majority of the areasad shownMDI between-0.807 - -0.620,
whereby thavhole regiorhad showrigher values of MDI. In superiod 1993
1997, MDI between0.970- -0.484 were observed. Majority of the aréasl
shownMDI between-0.726- -0.484 ,whereby theCentral part of the regiamad
shownhigher values of MDI. In superiod 1998002, MDI betweenr0.975-
-0.531 were observed. Majority of the arbasl showrMDI between-0.826 -
0.679,whereby theNorthern, Western and Southern past the regionhad
shownhigher values of MDI. In superiod 20032007, MDI betweer0790- -
0.403 were observed. Majority of the arbasl showrMDI between-0.661- -
0.532,whereby theNorthern and Central parof the regiorhad showrhigher
values ofMDI. In sub-period 2008012, MDI betweer0.831- -0.333 were
observed. Majority of the aredsad shownMDI between-0.653 -0.333,
whereby theSouthEast part of the regidmad showrhigher values of MDI. In
subperiod 20132017, MDI between0.677- -0.255 were observed. Majority
of the areabad showrMDI between-0.677 -0.467 whereby thevhole region
had showrhigher values of MDI.

Over the six sulperiods, it was observed thagjority of the areabad
shownMDI gradually increased in syferiod 19881992, and peak MDI was
observed in 1992002. MDI then decreased and lowest MDI was observed in
20082012. MDI then gradually increased and remained in the following
periods. Besidg the Northern parhad relatively showmigher MDI over the
subperiods, except for 1998997, 20082012 that relatively showed high MDI
at station 5061001 and 4764002. Given the location of these stations located in
inland area, the high MDI could befedted by Banjaran Trusmadi which is

located near to the stations. Banjaran Trusmadi could hiuelorth-East
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Monsoon from reaching the statiomd)erebyone side of a mountain range may
be rainy and the other side may be a dry area, which lead to Hghnva

specific area.

In Region § MDI between1.181- -0.433 were observed in syleriod
19881992. Majority of the areasad shownMDI between-0.807 - -0.433,
whereby thdeastern part of the regidrad showrhigher values of MDI. In sub
period 19931997, MDI betweeRr0.848- -0.363 were observed. Majority of the
areashad showrMDI between-0.605- -0.363,whereby theeastern part of the
region had shownhigher values of MDI. In superiod 1998002, MDI
between-0.975- -0.531 were observed. Majority of the aréasl showrMDI
between0.826 -0.679,whereby the Northern artglastern pastof the region
had showrhigher values of MDI. In superiod 20032007, MDI between
0.790- -0.403 were observed. Majoriof the areaviad showrMDI between-
0.661- -0.532,whereby thaVestern part of the regidrad showrhigher values
of MDI. In subperiod 2008012, MDI betweeRrl.135- -0.494 were observed.
Majority of the areahad shownMDI between-0.973 -0.654,wherby the
Southern part of the regidmad shownrhigher values of MDI. In suberiod
20132017, MDI between0.888- -0.255 were observed. Majority of the areas
had showrMDI between0.67% -0.467 whereby théVestern part of the region
had showrhigher vales of MDI.

Over the six sulperiods, it was observed that majority of the afreas
shownMDI gradually decreased since spériod 19881992, and lowest MDI
was observed in 199B997. MDI then increased and peak MDI was observed
in 20082012. MDI then deemased and remained in the following period.
BesidestheEastern paithad relatively showhigher MDI over the suiperiods,
except for 2002007, 2008012, 20132017 that relatively showed high MDI
at station 4450001 and 3950020. Given the locationeoktations being near
to seashore, the high MDI could be affected by th&liBb episodeshat had
occurredin 20022003, 20042005, 20062007, 20092010, 20142015 and
20152016 that inhibited rainfall occurrence due to the increase in sea surface

temperéure.
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In Region 7, MDI between0.994- -0.433 were observed in syeriod
19881992. Majority of the areasad shownMDI between-0.807 - -0.620,
whereby theWestern part of the regidmad showrhigher values of MDI. In
subperiod 19931997, MDI between0.848- -0.484 were observed. Majority
of the areabad showrMDI between-0.848- -0.606,whereby théSouthern part
of the regiorhad showrhigher values of MDI. In superiod 1998002, MDI
between0.826- -0.382 were observed. Majority of the aréasl showrMDI
between-0.678- -0.531, whereby theEastern part of the regidmad shown
higher values of MDI. In suberiod 20032007, MDI between0.921- -0.532
were observed. Majority of the ardasd showrMDI between-0.790- -0.532,
whereby theSoutkern part of the regiohad showrhigher values of MDI. In
subperiod 20082012, MDI between0.973- -0.494 were observed. Majority
of the areabad showrMDI between0.813 -0.494 whereby théSouthern part
of the regiorhad showrhigher values of MDI.n subperiod 20132017, MDI
between1.099- -0.467 were observed. Majority of the aréasl showrMDI
between-0.888 -0.467,whereby theNorthern part of the regiohad shown
higher values of MDI.

Over the six sulperiods, it was observed that majoritythe areasad
shownMDI gradually decreased since spériod 19881992, and lowest MDI
was observed in 2068012. MDI then increased and peak MDI was observed
in 20132017. Besideghe Southern partad relatively showhigher MDI over
the subperiods,except for 1988992, 1998002, 20132017 that relatively
showed high MDI at station 905039, 2320026 and 2024001. Given the location
of these stations located in inland area, the high MDI could be affected by
Banjaran Kelinkang which is located near he stations. Banjaran Kelinkang
could blockthe North-East Monsoon from reaching the stationberebyone
side of a mountain range may be rainy and the other side may be a dry area,

which lead to high MDI in a specific area.

In Region § MDI between0.994- -0.433 were observed in syleriod
19881992. Majority of the arealad shownMDI between-0.994 - -0.808,
whereby theNorthern part of the regiohad showrhigher values of MDI. In
subperiod 19931997, MDI between0.848- -0.484 were observed. Majty
of the areakad showrMDI between-0.726- -0.484 ,whereby thaVestern part
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of the regiorhad showrhigher values of MDI. In superiod 1998002, MDI
between0.826- -0.382 were observed. Majority of the ar&éasl showrMDI
between0.826 -0.531,whereby theNorthern and Western parnf the region
had shownrhigher values of MDI. In superiod 20032007, MDI between
0.790- -0.403 were observed. Majority of the aréasl showrMDI between-
0.790- -0.532 whereby thé&Southern and Western psoff the regiorhad shown
higher values of MDI. In superiod 20082012, MDI betweenr0.653- -0.333
were observed. Majority of the ardaad showrMDI between-0.653 -0.333,
whereby theSouthern part of the regidmad showrhigher values of MDI. In
subperiad 20132017, MDI between0.888- -0.255 were observed. Majority
of the areadiad showrMDI between-0.67% -0.467,whereby theEastern part
of the regiorhad showrhigher values of MDI.

Over the six sulperiods, it was observed that majority of the aresas
shownpeak MDI in subperiod 19881992. MDI gradually decreased in 1993
1997 and lowest MDI observed in 20@812. MDI then increased in the
following period. BesidegsheWestern and Southern paiad relatively shown
higher MDI over the sulperiods, except for 1988992, 20132017 that
relatively showed high MDI at station 6670001 and 5875001. Given the location
of the stations being near to seashore, the high MDI could be affected by the El
Nifio episodesof 19871988 19911992, 20142015 and 2012016 that

inhibited rainfall occurrence due to the increase in sea surface temperature.

In Region 9 MDI between0.994- -0.433 were observed in syeriod
19881992. Majority of the areasad shownMDI between-0.807 - -0.620,
whereby theSouthWest part of the regiohad showrhigher values of MDI. In
subperiod 19931997, MDI between0.970- -0.606 were observed. Majority
of the areaviad showrMDI between-0.848- -0.606,whereby theNorth-East
part of the regiohadshownhigher values of MDI. In suberiod 1998002,
MDI between-0.826- -0.382 were observed. Majority of the ardasl shown
MDI between-0.826 -0.531,whereby théeastern part of the regidrad shown
higher values of MDI. In superiod 20032007, MDIbetween-0.790- -0.274
were observed. Majority of the ardasd showrMDI between-0.661- -0.403,
whereby theCentral part of the regidmad showrhigher values of MDI. In sub
period 2008012, MDI betweenr0.813- -0.333 were observed. Majority of the
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areashad showrMDI between-0.813 -0.494,whereby thaVestern part of the
region had shownhigher values of MDI. In superiod 20132017, MDI
between0.888- -0.255 were observed. Majority of the aréasl showrMDI
between0.888 -0.467,whereby theNorthern and Western parnf the region
had showrhigher values of MDI.

Over the six superiods, it was observed that majority of the atess$
shownMDI gradually decreased since spériod 19881992 and lowest MDI
was observed in 2003007. MDI then grdually increased and peak MDI was
observed in 203:2017. Besideghe Western and Southern pdwad relatively
shownhigher MDI over the suiperiods, except for 1988992, 20132017 that
relatively showed high MDI at station 2325039 and 2520052. Givdadhgon
of these stations located in inland area, the high MDI could be affected by
Banjaran Kapuas Hulu which is located near to the stations. Banjaran Kapuas
Hulu could blockthe North-East Monsoon from reaching the statiomkereby
one side of a mouain range may be rainy and the other side may be a dry area,

which leadto high MDI in a specific area.

453 SPI-6

Mean drought intensity is the mean of drought magnituitien a study period.
SPI at émonth timescale was utilised in order to study the dpadigatiors of
MDI as shown in Figure 4.1dhe colour depth from yellow to red indicates the
level of MDI from lowest to highest category.
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Figure4.12: Mean Drought Intensity maps of S&Ffor each 5years sufperiod
along 19882017.

In Region 1 MDI between-1.006 -0.295were observed in superiod
19881992. Majority of the areasad shownMDI between-0.769- -0.535
whereby thewhole region had shownrhigher values oMDI, exceptfor the
South-East. In subperiod 19931997, MDI between-0.950 - -0.212 were
observed. Majority of the aredsad shownMDI between-0.765 -0.397
whereby thd=asterrpart of the regiomad showrhigher values oMDI. In sub-
period 199&002 MDI between1.205- -0.464were observed. Majority of the
areashad showrMDI between-0.834- -0.464 whereby theSouthernpart of
the regionhad shownrhigher values oMDI. In subperiod 20032007, MDI
between0.824- -0.264were observed. Majority of the ardaasd showrVIDI
between-0.637 - -0.451, whereby theEastern parbf the regionhad shown
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higher values oMDI. In subperiod 20082012,MDI between-0.887- -0.195
were observed. Majority of the ardasd showrMDI between0.656- -0.426
whereby theCentralpart ofthe regiorhad showrhigher values oMDI. In sub
period 20132017,MDI between1.408- -0.284were observed. Majority of the
areashad showrMDI between-0.845 -0.284 whereby theCentralpart of the
regionhad showrhigher values oMDI.

Over the sixsubperiods, it was observed thagjority of the areabad
shown peak MDI irsubperiod 19881992. MDI then gradually decreased in
19931997 and lowest MDI was observed in 2€ARBL7. Besideshe Central
and Eastern part of the region had relatively shdwgh MDI over the sub
periods, except for 1998002 that relatively showed high MDI at station
4474002Given the location of the stations being near to seashore, thelBigh
could be affected by the Hifio episodethat had occurreith 19971998, 2002
2003 that inhibited rainfall occurrence due to the increase in sea surface

temperature.

In Region 2 MDI between-1.006 -0.533were observed in superiod
19881992. Majority of the areasad shownMDI between-1.006- -0.77Q
whereby thavholeregionhad showrhigher values oMD. In subperiod 1993
1997,MDI between-0.950- -0.581were observed. Majority of the arelaad
shownMDI between0.765 -0.581, whereby théeastermpart of the regiomad
shownhigher values oMDI. In sub-period 1998002 MDI between-0.834-
-0.464were observed. Majority of the ardzed showrMDI between0.834- -
0.464 whereby theNestern and Eastepars of the regiorhad showrhigher
values ofMDI. In subperiod 20032007,MDI between-1.011- -0.638were
observed.Majority of the areashad shownMDI between-0.824 - -0.638
whereby theNorthern pariof the regionhad showrhigher values oMDI. In
subperiod 20082012,MDI between-1.118- -0.657were observed. Majority
of the areabkad showrMDI between0.887- -0.657, whereby thaVesternpart
of the regiorhad showrhigher values oMDI. In subperiod 20132017,MDI
between0.845- -0.284were observed. Majority of the ardaasd showrMDI
between0.845 -0.565 whereby thevholeregionhad showrhigher values of
MDI.
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Over the six sulperiods, it was observed thagjority of the areabad
shown peak MDI irsubperiod 19881992. MDI then gradually decreased since
19931997 and lowest MDI was observed in 19882. MDI then gradually
increased irthe following periods. Besidet)e Western part of the region had
relatively shown high MDI over the stgeriods, except for 1998997, 2003
2007 that relatively showed high MDI at station 1506001, 1507093, 1603058.
Given the location of the stations bginear to seashore, the higiidl could be
affected by the ENifio episodeshat had occurreth 19941995, 19971998,
20022003, 20042005 and 2002007that inhibited rainfall occurrence due to

the increase in sea surface temperature.

In Region 3 MDI between-1.244- -0.295were observed in syieriod
19881992. Majority of the areallsad shownMDI between-1.006- -0.533
whereby theSouthernpart of the regiorhad shownrhigher values oMD. In
subperiod 19931997,MDI between0.950- -0.212were obseved. Majority
of the areaviad showrMDI between0.765 -0.397 whereby theEastern and
Westernpart of the regionhad showrhigher values oMDI. In sub-period
19982002 MDI between0.834- -0.279were observed. Majority of the areas
had showrMDI between0.834- -0.464 whereby thdcasterrpart of the region
had shownrhigher values oMDI. In subperiod 20032007, MDI between-
0.824- -0.264were observed. Majority of the ardasd showrMDI between
0.637--0.264 whereby thesouthern parmf the regiorhad showrhigher values
of MDI. In subperiod 2008012,MDI between1.118- -0.195were observed.
Majority of the areatiad shownMIDI between-0.887- -0.426 whereby the
Centralpart of the regiomad showrhigher values oMDI. In subperiod2013
2017,MDI between-1.126- -0.284were observed. Majority of the arelaad
shownMDI between0.845 -0.284 whereby thé&astern and Southeparts of
the regiorhad showrhigher values oMDI.

Over the six suiperiods, it was observed thagjority of the area®iad
shown peak MDI irsubperiod 19881992. MDI then gradually decreased and
lowest MDI was observed in 20@®07. MDI then increased in the following
periods. Besideghe Southern and Eastern padf the region had relatively
shown high MD over the sukperiods, except for 2008012 that relatively
showed high MDI at station 2141048 and 1843@iten the location of these
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stations loated in inland area, the highDI could be affected by Pergunungan
Iran and Pergunungan Hose which are located near to the stations. Pergunungan
Iran could blockthe North-East Monsoon, whereas Pergunungan Hose could

blockthe SouthWest Monsoon from reaching those stations.

In Region 4 MDI between-1.006- -0.533were observed in syeriod
19881992. Majority of the areasad shownMDI between-1.006- -0.533
whereby théNorthernpart of the regioad showrhigher values o¥D. In sub
period 19931997,MDI between0.950- -0.397were observed. Majority of the
areashad showrMDI between-0.765 -0.397 whereby theNorth-Eastpart of
the regionhad showrhigher values oMDI. In subperiod 1998002 MDI
between0.834- -0.279were observed. Majority of the ardaasd showrMDI
betwe=n-0.649- -0.464 whereby theSouthWestpart of the regiomad shown
higher values oMDI. In subperiod 20032007,MDI between0.637--0.451
were observed. Majority of the ardaasd showrMDI between0.637- -0.45],
whereby thavholeregionhad shavn higher values diDI. In subperiod 2008
2012,MDI between-0.656- -0.195were observed. Majority of the arelaad
shownMDI between-0.656 - -0.426 whereby thewhole region had shown
higher values oMDI, exceptfor the Northern partIn subperiod 20132017,
MDI between0.845- -0.284were observed. Majority of the ardaad shown
MDI between-0.564 -0.284 whereby thewhole region had shownhigher
values ofMDI, except SoutkEast.

Over the six sulperiods, it was observed thagority of the areasad
shown peak MDI gradually irsubperiod 19881992. MDI then gradually
decreased and lowest MDI was observed in 220B/. Besideghe Northern
part of the region had relatively shown high MDI over the-jgebods, except
for 19982002, 20082012 that relatively showed high MDI at station 5966001,
6168002 and other stations near t&itzen the location of these stations lsxh
in inland area, the high MDdould be affected by Banjar&rockerwhich is
located near to the stationBanjaranCrocker could block the North-East
Monsoon from reaching the statiomé)erebyone side of a mountain range may
be rainy and the other side may berg area, which lead to high MDh a
specific area.
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In Region 5 MDI between-1.006- -0.295were observed in superiod
19881992. Majority of the areaad shownMDI between-0.769- -0.533
whereby théNorthernpart of the regiolad showrhigher values o¥D. In sub
period 19931997 ,MDI betweent0.950- -0.397were observed. Majority of the
areashad showrMDI between-0.765 -0.581, whereby theNorth-Eastpart of
the regionhad shownrhigher values oMDI. In sub-period 1998002 MDI
between1.019 -0.464were observed. Majority of the arelaad showrVIDI
between-1.019- -0.464 whereby theSouthWestpart of the regiomad shown
higher values oMDI. In subperiod 20032007,MDI between0.824- -0.451
were observed. Majority of the ardasd showrMDI between0.637--0.45],
whereby thavholeregionhad stown higher values diDI. In subperiod 2008
2012,MDI between-0.887- -0.195were observed. Majority of the arelaad
shownMDI between-0.656 - -0.426 whereby thewhole region had shown
higher values oMDI, except Northern partin subperiod 20132017, MDI
between0.845- -0.002were observed. Majority of the ardaasd showrMDI
between0.845 -0.284 whereby thevholeregionhad showrhigher values of
MDI, exceptfor the SouthEastpart

Over the six sulperiods, it was observed thagjority of the areabad
shown MDI gradually increased sub-period 19881992, and peak MDI was
observed in 1992002. MDI then gradually decreased and lowest MDI was
observed in 201:2017. Besideghe Northern part of the region had relatively
shown hgh MDI over the suiperiods, except for 1998002, 2008012 that
relatively showed high MDI at station 5163002, 5361003 and 546Z&0&n
the location of these stations I¢ed in inland area, the high M@ould be
affected by Banjararockerwhich is bcated near to the stations. Banjaran
Crocker could block the North-East Monsoon from reaching the stations,
wherebyone side of a mountain range may be rainy and the other side may be

adry area, which lead to high MIn a specific area.

In Region § MDI between1.482- -0.295were observed in syeriod
19881992. Majority of the arealad shownMDI between-1.244- -0.533
whereby theCentralpart of the regiomad showrhigher values oMD. In sub
period 19931997 ,MDI betweent0.950- -0.212were doserved. Majority of the
areahad showrMDI between0.765 -0.397 whereby théNorthernpart of the
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region had shownhigher values ofMDI. In subperiod 1998002 MDI
between-1.019 -0.279were observed. Majority of the arelaad showrMDI
between-0.834 - -0.464 whereby theWesternpart of the regiorhad shown
higher values oMDI. In subperiod 20032007,MDI between1.011- -0.264
were observed. Majority of the ardasd showrMDI between0.637--0.45],
whereby theWestern parof the regionhad shownhigher values oMDI. In
subperiod 20082012,MDI between1.118- -0.426were observed. Majority
of the areakad showrMDI between0.887- -0.426 whereby theVesternpart
of the regiorhad showrhigher values oMDI. In subperiod 20132017,MDI
between0.845- -0.284were observed. Majority of the areasd showrMDI
between0.845 -0.284 whereby thaVestern and Northenparts of the region
had showrhigher values oMDI.

Over the six superiods, it was observed thagjority of the areabad
shown peak MDI irsubperiod 19881992. MDI then gradually decreased and
lowest MDI was observed in 2029017. BesidesheWestern part of the region
had relatively shown high MDI over the spbriods, except for 1988992,
19931997 that relativelysowed high MDI at station 4450001, 4752022 and
4653001 Given the location of the stations being near to seashore, thelBigh
could be affected by the Hifio episodesf 19871988, 19911992, 19941995
and 19971998 that inhibited rainfall occurrence duo the increase in sea

surface temperature.

In Region 7 MDI between-1.006- -0.295were observed in syieriod
19881992. Majority of the areasad shownMDI between-0.769- -0.533
whereby theNesternpart of the regiorhad showrhigher values oMDI. In
subperiod 19931997,MDI between1.135- -0.397were observed. Majority
of the areabad showrMDI between0.950 -0.581, whereby théSoutherrpart
of the regiorhad showrhigher values oMDI. In subperiod 19982002 MDI
between0.834- -0.297 were observed. Majority of the ardasd showrVIDI
between-0.649 -0.464 whereby theWesternpart of the regiorhad shown
higher values oMDI. In subperiod 20032007,MDI between0.824- -0.451
were observed. Majority of the ardaad showrMDI betveen-0.824- -0.45],
whereby theéWestern, Southern and Northern paot the regionhad shown
higher values oMDI. In subperiod 2008012,MDI between1.118- -0.426
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were observed. Majority of the ardasd showrMDI between0.887--0.426
whereby tle Western and Eastepars of the regiorhad showrhigher values
of MDI. In subperiod 201322017,MDI between1.126- -0.284were observed.
Majority of the areahad shownMDI between-0.845 -0.565 whereby the
Northernpart of the regiomad showrhigher values oMDI.

Over the six superiods, it was observed thagjority of the areabad
shown MDI gradually increased sub-period 19881992, and peak MDI was
observed in 1993997. MDI then gradually decreased and lowest MDI was
observed in 2002007. MDI then increased and remained for the following
periods. Besideshe Western part of the region had relatively shown high MDI
over the sulperiods, except for 1998997, 20132017 that relatively showed
high MDI at station 1018002, 1015001 and. 2@16.Given the location of these
stations locted in inland area, the high Mould be affected by Banjaran
Kelinkangwhich is located near to the stations. Banja¢alinkangcould block
the SouthWest Monsoon from reaching the stationgherebyone sde of a
mountain range may be rainy and the other side maydbg @ea, which lead

to high MDlin a specific area.

In Region 8§ MDI between-1.006- -0.533were observed in syieriod
19881992. Majority of the areasad shownMDI between-0.769 - -0.533,
whereby theWesternpart of the regiorhad showrhigher values oMDI. In
subperiod 19931997,MDI between0.950- -0.581were observed. Majority
of the areakad showrMDI between0.950 -0.766 whereby theSouthern and
Westernpart of the regionhad showrhigher values oMDI. In sub-period
19982002 MDI between0.834- -0.464were observed. Majority of the areas
had shownMDI between-0.834 -0.464 whereby theNorthern and Eastern
parts of the regiorhad showrhigher values oMDI. In subperiod 20032007,
MDI between0.824- -0.264were observed. Majority of the areaad shown
MDI between0.824- -0.264 whereby theCentral parof the regiorhad shown
higher values oMDI. In subperiod 20082012,MDI between-0.656- -0.195
were observed. Majority of the arelad showrMDI between0.656- -0.426
whereby theNorthern, Eastern and Southguars of the regionhad shown
higher values oMDI. In subperiod 20132017,MDI between-0.845- -0.284
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were observed. Majority of the asgaad showrMIDI between-0.845 -0.284
whereby theEasterrpart of the regiomad showrhigher values oMDI.

Over the six sulperiods, it was observed thagjority of the areabad
shown MDI gradually increased sub-period 19881992, and peak MDI was
observed in 1993997. MDI then gradually decreased and lowest MDI was
observed in 2002007. MDI then increased and remained for the following
periods. Besideghe Western and Eastern part of the region had relatively
shown high MDI over the superiods except for 2002007 that relatively
showed high MDI at station 6770001 and 6172@Bi/en the location of the
stations being near to seashore, the MgH could be affected by the Hifio
episodesof 20022003, 20042005 and 200&007 that inhibited ranfall

occurrence due to the increase in sea surface temperature.

In Region 9 MDI between-1.244- -0.533were observed in syeriod
19881992. Majority of the areaBad shownMDI between-1.006- -0.533
whereby theSouthern and Northeparts of the regiorhad showrhigher values
of MDI. In subperiod 19931997 ,MDI between0.950- -0.397were observed.
Majority of the areahad shownMDI between-0.950 -0.397 whereby the
Westerrpart of the regiohad showrmigher values of1DlI. In sub-peliod 1998
2002 MDI between-0.834- -0.279were observed. Majority of the arelaad
shownMDI between-0.6493 -0.464 whereby theNorthern and Westerpars
of the regiorhad showrhigher values oMDI. In subperiod 20032007,MDI
between0.824- -0.264were observed. Majority of the ardaasd showrMDI
between0.824- -0.451 whereby theNVestern and Northern paxf the region
had shownrhigher values oMDI. In subperiod 2008012, MDI between-
0.887- -0.195were observed. Majority of the ardasdshownMDI between
0.887- -0.426 whereby theNestern, Central and Southgrarts of the region
had shownrhigher values oMDI. In subperiod 20132017, MDI between-
1.126- -0.284were observed. Majority of the ardasd showrMDI between
0.845 -0.284 whereby thaVesternpart of the regiomad showrhigher values
of MDI.

Over the six suiperiods, it was observed thagjority of the areabad
shown peak MDI irsubperiod 19881992. MDI then gradually decreased and
lowest MDI was observed in 202017 BesidestheWesernpart of the region
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had relatively shown high MDI over the spbriods, except for 1988992 that
relatively showed high MDI at station 232503Biven the location of these
stations locted in inland area, the high M@ould be affead by Banjaran
Kapuas Hulwhich is located near to the stations. Banjd¢apuas Hulwcould
blockthe SouthWestMonsoon from reaching the statiomg)erebyone side of
a mountain range may be rainy and the other side magiyeaaea, which lead

to highMDI in a specific area.

454 Summary
According to thenalysis with th&PF1, the occurrence of MDI was theghest
in subperiod 19881992 as compared to other goériods. Peak MDI with the
range of-1.119- -1.006had occurred in Region 3 of East Malaysiad it was
predicted that the high MDI was caused by mountainous topography thee to
location of drought eventdn subperiod 19931997, the occurrence of MDI
was considered high among the gériods. Peak MDI with the range-df017
--0.911had ocurred in Region 3 of East Malaysia. By referring to the location
of drought events, it was predicted that high MDI was causedduntainous
topography as wellOn averaggethe occurrence of MDI was considered low in
subperiod 19982002. Peak MDI with trange 0f1.157- -1.016 had occurred
in Region lof East Malaysia, and it was caused byNiio episodes due to its
location being near to seashoFar subperiod 20032007, the occurrence of
MDI was low amongthe subperiods. Peak MDI with the rangé €.062- -
0.947 was observed in RegiomBEast Malaysia, and it was predicted that the
high MDI was caused by mountainous topograpioy subperiod, 2008012,
peak MDI with the range 60.994- -0.883 was observed in Region 3 of East
Malaysia, andt could be caused by the mountain@aapography due to its
location.For subperiod 20132017, peak MDI with the range €£.014- -0.893
was observed in Region 8f East Malaysia, and it could be caused by
mountainous topographyn overall, SPi1 had shownthat peak MDI had
occurred often in Central part of East Malaysia. Besides, Regnmaa 3hown
most occurrencef peak MDI.Regardinghe location of MDI, peak MDI were
mostly caused by mountainous topography rather thadiitel episodes.

As forthe SPI3 analysis the occurrence dflDI was low in subperiod
19881992 as compared to other spéxiods Peak MDI with the range ef.369
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- -1.182 had occurred in Region 4 of East Malaysia, and it was predicted that
the high MDI was caused by mountaindopography due to the location of
drought events. In superiod 19931997, the occurrence of MDI was
considered high among the spériods. Peak MDI with the range @f.970- -
0.849 had occurred in Region 7 of East Malaysia. By referring to the location
of drought events, it was predicted that high MDI was caused by mountainous
topography as wellOn averaggethe occurrence of MDI was considered low in
subperiod 19982002. Peak MDI with the range df.124- -0.976 had occurred
in Region 1 of East Malaysj and it was caused by mountainous topography.
For subperiod 20032007, the occurrence of MDI was the highest among sub
periods. Peak MDI with the range @.921- -0.791 was observed in Region 1
of East Malaysia, and it was predicted that the high M&d caused bigl-Nifio
episodesiue to its location being near to seashore. Fompsuind, 20082012,
peak MDI with the range ofL.135- -0.974 was observed in Region 6 of East
Malaysia. However, it could be caused by the mountainous topography due to
its location. For suiperiod 20132017, peak MDI with the range ef.312- -
1.100 was observed in Region 1 of East Malaysia, and it could be causkd by
Nifio episodeslue to its location being near to seashoreverall, SPi3 had
shownthat peakMDI hadoccurred often ithe Eastern part of East Malaysia.
Besides, Region 1 had most showed most occurrence of peak MDI. Regarding
the location of MDI, peak MDI were mostly caused by mountainous topography
rather tharkl-Nifio episodes

For the SPI6 scenarig the occurrence df1DI was low in subperiod
19881992 as compared to other soériods Peak MDI with the range e1.482
- -1.245 had occurred in Region 6 of East Malaysia, and it was predicted that
the high MDI was caused IB/-Nifio episodeslue to its lgation being near to
seashore. In superiod 19931997, the occurrence of MDI was the highest
among the sujperiods. Peak MDI with the range e1.135- -0.951 had
occurred in Region 7 of East Malaysia. By referring to the location of drought
events, it wa predicted that high MDI was caused by mountainous topography.
On averaggethe occurrence of MDI was considered low in-pebiod 1998
2002. Peak MDI with the range df.205- -1.020 had occurred in Region 1 of
East Malaysia, and it was caused by mounttas topography. For syderiod
20032007, the occurrence of MDI was the lowest amongmarinds. Peak
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MDI with the range of-1.199- -1.012 was observed in Region 6 of East
Malaysia, and it was predicted that the high MDI was cause@&ldyifio
episodeglue to its location being near to seashore. Forpsuilod, 20082012,

peak MDI with the range 0f1.330- -1.119 was observed in Region 6 of East
Malaysia. However, it could be caused by the mountainous topography due to
its location. For sulperiod 20132017, peak MDI with the range of 1.408

1.127 was observed in Region 1 of East Malaysia, and it could be causkd by
Nifio episodeslue to its location being near to seashore. In overallg$Rd
shownthat peakMDI had occurred often ithe Central par of East Malaysia.
Besides, Region 6 had shown most occurrence of peak MDI. Regarding the
location of MDI, peak MDI were mostlglue to themountainous topography

rather tharkl-Nifio episodes

4.6 Mean Drought Peak

46.1 SPI-1

Mean drought peals the mean ofowed drought index value within a study
period SPI at tmonth timescale was utilised in order to study the spatial
variations of MDP as shown in Figure 4.The colour depth from yellow to

red indicates the level of MDP from lowest to highest category.
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Figure4.13: Mean Drought Peak maps of SPFor each 5years sufperiod
along 19882017.

In Region 1, MDP between1.479- -0.698were observed in sueriod
19881992. Majority of the arealsad stown MDP between-1.284- -0.894
whereby theCentre parof the regiorhad showrhigher values oMDP. In sulz
period 19931997, MDP between-1.267 - -0.739were observedviajority of
the areaviad showrMDP between-1.091- -0.739 whereby theCentreof the
region had shownhigher values ofMDP. In subperiod 1998002 MDP

between1.621- -0.630 were observed. Majority of the area had shown MDP

between0.733- -0.593,whereby theSouthEast parof the regiorhad shown
higher values oMDP. In subperiod 20032007,MDP between1.311--0.734
were observed, majority of the areas showed MDP betwké66- -0.879,
whereby thdeastern part of the region had shown higher value of Mibsub
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period 20082012, MDP between-1.351- -0.471 were bserved. Most of the
areas showed MDP betweeh057- -0.764,whereby theSouthEast part had
shown higher MDPIn subperiod 20132017, MDP between-1.192- -0.755
were observed. Majority areas had shown MDP betwé&el92 - -0.901,
whereby theNorthernpart had showhigher values oMDP.

Over the six superiods, it was observed thagjority of the areabad
shown peak MDP isubperiod 19881992. MDP then gradually decreased and
lowest MDP was observed in 199997. MDP then increased and remained fo
the following periods. Besideshe Central and Eastern parhad relatively
shown higher MDP over the syteriods, except for syberiod 20132017 that
relatively showed high MDP at station 56710@&ven the location of these
stations locted in inlandarea, the high MDRould be affected by Banjaran
Trusmadiwhich is located near to the stations. Banjareusmadicould block
the SouthWest Monsoon from reaching the stationgherebyone side of a
mountain range may be rainy and the other side maydbg @ea, which lead

to high MDPin a specific area.

In Region 2 MDP between1.479- -0.894were observed in stperiod
19881992. Majority of the areasad shownMDP between-1.479- -1.089
whereby theCentre and Northern pardf the regiorhadshownhigher values
of MDP. In subperiod 19931997, MDP between1.267- -0.739were observed.
Majority of the areashrad shownVIDP between-1.091- -0.739 whereby the
Southernof the regiorhad showrhigher values oMDP. In subperiod 1998
2002 MDP betveen-1.025- -0.630 were observed. Majority of the area had
shown MDP betweerl.025- -0.630whereby thdastern parf the regiorhad
shownhigher values oMDP. In subperiod 20032007,MDP between1.311-
-0.734 were observed, majority of the areshewed MDP betweerl.166- -
0.879,whereby theNorth-West part of the region had shown higher value of
MDP. In subperiod 20082012,MDP between-1.351- -0.764 were observed.
Most of the areas showed MDP betweg®57- -0.764,whereby thaNestern
parthad shown higher MDRn subperiod 20132017,MDP between1.192-
-0.755 were observed. Majority areas had shown MDP betvie@46- -0.901,
whereby theNorthern part had showrigher values oMDP.



148

Over the six sulperiods, it was observed thagjority of the areatad
shown peak MDP isub-period 19881992. MDP then gradually decreased and
lowest MDP was observed in 192802. MDP then increased and remained for
the following periods. Besidethe Northern and Western parad relatively
shown highe MDP over the suiperiods, except for superiod 19931997 and
19982002 that relatively showed high MDP at station 1204024, 1404049 and
stations near to iGiven the location of the stations being near to seashore, the
high MDP could be affected by tHel-Nifio episodesis hachappenedn 1994
1995, 19971998 and 20022003 that inhibited rainfall occurrence due to the

increase in sea surface temperature.

In Region 3 MDP between1.676- -0.698were observed in sueriod
19881992. Majority of the areasad shownMDP between-1.479- -1.089
whereby theNorth-East parof the regiorhad showrhigher values oMDP. In
subperiod 19931997,MDP between-1.444- -0.739were observedviajority
of the areatrad showrMDP between1.267- -0.915 whereby theNesternof
the regionhad showrhigher values oMDP. In subperiod 19982002 MDP
between1.422- -0.630 were observed. Majority of the area had shown MDP
between-1.223 - -0.828 whereby theEasern partof the regionhad shown
higher values oMDP. In subperiod 20032007,MDP between1.166- -0.734
were observed, majority of the areas showed MDP betwk8A2- -0.879,
whereby theNorthern part of the region had shown higher value of MIDP.
sub-period 2008012, MDP between-1.393- -0.764 were observed. Most of
the areas showed MDP betwedn644- -1.058,whereby theCentre part had
shown higher MDPIn subperiod 20132017, MDP between-1.338 -0.755
were observed. Majority areas had shoMDP between-1.192 - -0.901,
whereby thaNVestern part had showrngher values oMDP.

Over the six suiperiods, it was observed thagjority of the areabad
shown MDP gradually decreased siscd-period 19881992 and lowest MDP
was observed in 19980@. MDP then increased and remained, as peak MDP
was observed in 2083012. Besidesthe Northern and Western parhad
relatively shown higher MDP over the spbriods, except for superiod 1998
2002 and 2002012 that relatively showed high MDP at station 1947001 and
2442001.Given the location of these stationsdted in inland area, the high
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MDP could be affectetty Pergunungan Iran and Pergunungan Hose which are
located near to the stations. Pergunungan Iran could hlexkorth-East
Monsoon, whereas Pergunungan Hose could bilbelSouthWest Monsoon

from reaching those stations.

In Region 4 MDP between1.479- -1.089were observed in steriod
19881992. Majority of the areasad shownMIDP between-1.284- -1.089
whereby theNorth-East parbf the regiorhad showrhigher values oMDP. In
subperiod 19931997,MDP between1.267- -0.915were observedviajority
of the areavad showrMDP between1.091- -0.915 whereby theNorth-West
of the regiorhad showrhigher values oMDP. In subperiod 1998002 MDP
between1.223- -0.630 were observed. Majority of the area had shown MDP
between-1.025- -0.828 whereby theWestern parof the regionhad shown
higher values oMDP. In subperiod 20032007,MDP between1.311- -0.879
were observed, majority of the areas showed MDP betwk8il- -1.023,
whereby theSouthern part of the region had shown higheueaf MDP.In
subperiod 20082012,MDP between1.057- -0.764 were observed@he whole
region had shown MDP betweeh057- -0.764 whereby thé&Southern part had
shown higher MDPIn subperiod 20132017, MDP between-1.192 -0.901
were observed. Majority areas had shown MDP betwé&edv6 - -0.901,
whereby thaVestern part had showrngher values oMDP.

Over the six sulperiods, it was observed thagjority of the areabad
shown MDP gradually increased sineabperiod 19881992 and peak MDP
was observed in 2063007. MDP then decreased and remained, as lowest MDP
was observed in 2008012. Besidesthe Northern and Western part had
relatively shown higher MDP over the spbriods, except for sgberiod 2003
2007 that relatively showed high MDP at station 5768001 and 616680@&h
the location of these stations l¢ed in inland area, the high MDébuld be
affected by Banjararockerwhich is located near to the stations. Banjaran
Crocker could block the North-East Monsoon from reaching the stations,
wherebyone side of a mountain range may be rainy and the other side may be

adry area, which lead to high MOR a specific area.
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In Region 5 MDP between1.479- -0.894were observed in superiod
19881992. Majority of the areatiad shownMDP between-1.284- -1.089
whereby théWestern parbf the regionhad showrhigher values oMDP. In
subperiod 19931997,MDP between1.267- -0.739were observedviajority
of the areaviad showrMDP between1.091- -0.915 whereby theEasternof
the regionhad showrhigher values oMDP. In subperiod 19982002 MDP
between1.223- -0.828 were observed. Majority of the area had shown MDP
between-1.223- -0.828 whereby theWestern parof the regionhad shown
higher values oMDP. In subperiod 20032007,MDP between1.311- -0.879
were observed, majority of the areas showed MDP betwké&66- -0.879,
whereby théVestern part of the region had shown higher value of Mbsub
period 200&012,MDP between1.35% -0.471 were observed. Majority of the
region had shown MDP betweeh057- -0.764,whereby thaVestern part had
shown higher MDPIn subperiod 20132017, MDP between-1.192 -0.755
were observed. Majority areas had shown MDP betwé&ebv6 - -0.901,
whereby theCentralpart had showhigher values oMDP.

Over the six sulperiods, it was observed thagjority of the areabad
shown peak MDP isub-period 19881992. MDP then decreased and remained,
as lowest MDP was observed in 208812. MDP tha increased in the
following period. Besideghe Western part had relatively shown higher MDP
over the sukperiods, except for superiod 19931997 and 2012017 that
relatively showed high MDP at station 5163002 and 5061@lten the
location of thesetations locéed in inland area, the high MQd@uld be affected
by BanjaranCrockerwhich is located near to the stations. Banjataacker
could blockthe North-East Monsoon from reaching the statiomberebyone
side of a mountain range may be rainy #mel other side may bedry area,
which lead to high MDFh a specific area.

In Region § MDP between1.479- -0.894were observed in syberiod
19881992. Majority of the areasad shownMDP between-1.284- -1.089
whereby thd=astern pardf the regonhad showrhigher values oMDP. In sub
period 19931997, MDP between-1.267- -0.739were observedMajority of
the areaviad showrMDP between1.091- -0.915 whereby theeEasterrof the
region had shownhigher values ofMDP. In subperiod 1998002 MDP
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between1.223- -0.828 were observed. Majority of the area had shown MDP
between-1.223- -0.828 whereby theEastern parof the regionhad shown
higher values oMDP. In subperiod 20032007,MDP between1.311--0.734
were observed, majority of thereas showed MDP betweeh166- -0.879,
whereby théVestern part of the region had shown higher value of Mbsub
period 200&012,MDP between1.35% -0.764 were observed. Majority of the
region had shown MDP betweeh057- -0.764 ,whereby théNorthern part had
shown higher MDPIn subperiod 20132017, MDP between-1.338 -0.755
were observed. Majority areas had shown MDP betwé&el92 - -0.901,
whereby theCentre part had showngher values oMDP.

Over the six sulperiods, it was observedatmajority of the areabad
shown peak MDP isub-period 19881992. MDP then decreased and remained,
as lowest MDP was observed in 208812. MDP then increased in the
following period. Besideghe Eastern part had relatively shown higher MDP
over first3 subperiods Given the location of the stations being near to seashore,
the highMDP could be affected by the Hlifio episodess hadhappenedn
19871988, 19911992, 19941995, 19971998 and 2002003 that inhibited

rainfall occurrence due to the inaes® in sea surface temperature.

In Region 7, MDP between1.479- -0.894were observed in sueriod
19881992. Majority of the areasad shownMDP between-1.284- -1.089
whereby the Centrglartof the regiorhad showrhigher values oMDP. In sub
period 19931997, MDP between-1.267 - -0.739were observedVajority of
the areaviad showrMDP between1.091- -0.915 whereby theSouthEastof
the regionhad showrhigher values oMDP. In subperiod 1998002 MDP
between1.223- -0.630 wereobserved. Majority of the area had shown MDP
between1.025- -0.630whereby theCentra] Northern and Eastern psdf the
region had shownhigher values ofMDP. In subperiod 20032007, MDP
between-1.311- -0.734 were observed, majority of the areaswst MDP
between-1.166- -0.879,whereby theSouthern part of the region had shown
higher value of MDPIn subperiod 20082012,MDP between-1.35% -0.471
were observed. Majority of the region had shown MDP betwk&57--0.764,
whereby the Centrgbat had shown higher MDHAn subperiod 20132017,
MDP between-1.338 -0.755 were observed. Majority areas had shown MDP
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between1.192- -0.901,whereby theeastern part had shovinmgher values of
MDP.

Over the six sulperiods, it was observed thagjority of the areatvad
shown peak MDP isub-period 19881992. MDP then decreased and remained,
as lowest MDP was observed in 192802. MDP then increased in the
following period. Besidesthe Eastern and Centre part had relatively shown
higher MDP over firs3 subperiods, except 2003007 that relatively showed
high MDP at station 1015001 and 10180G2:en the location of these stations
locaed in inland area, the high MOf®uld be affected by Banjardtelinkang
which is located near to the stations. Beaalelinkangcould blockthe South
West Monsoon from reaching the stationgherebyone side of a mountain
range may be rainy and the other side may deyaarea, which lead to high

MDP in a specific area.

In Region 8 MDP between1.479- -0.894were observed in sueriod
19881992. Majority of the areasad shownMIDP between-1.284- -1.089
whereby theNorthern parof the regionhad showrhigher values oMDP. In
subperiod 19931997,MDP between-1.267- -0.739were observedviajority
of theareashad showrMDP between1.091- -0.915 whereby theNesternof
the regionhad showrhigher values oMDP. In subperiod 19982002 MDP
between1.025- -0.630 were observed. Majority of the area had shown MDP
between1.025- -0.828whereby thevholeregionhad showrhigher values of
MDP. In subperiod 20032007,MDP between1.311- -0.734 were observed,
majority of the areas showed MDP betwednl66 - -0.879, whereby the
Southern part of the region had shown higher value of MBRubperiod
20082012,MDP between1.05% -0.471 were observed. Majority of the region
had shown MDP betweef.057- -0.471,whereby théNorthern part had shown
higher MDP.In subperiod 20132017, MDP between-1.192 -0.755 were
observed. Majority areas had shown MDBasn-1.192- -0.901,whereby the
SouthEast part had showmgher values oMDP.

Over the six superiods, it was observed thagjority of the areabad
shown peak MDP isub-period 19881992. MDP then decreased and remained,
as lowest MDP was observed 20082012. MDP then increased in the

following period. BesidesheNorthern and Southespart had relatively shown
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higher MDP over sulperiods, except 1998997 that relatively showed high
MDP at station 5961002, 6062001, 6162003 and stations néaGiwen the
location of the stations being near to seashore, theNhifa could be affected
by the EiNifio episodesf 19941995 and 19972998 that inhibited rainfall

occurrence due to the irease in sea surface temperature.

In Region 9 MDP between1.479- -0.894were observed in sueriod
19881992. Majority of the areasad shownMDP between-1.479- -0.894
whereby the Central arieastern pastof the regiorhad showrhigher values of
MDP. In subperiod 19931997,MDP between-1.267- -0.739wereobserved.
Majority of the areaviad showrMDP between-1.091- -0.915 whereby the
Southernof the regiorhad showrhigher values oMDP. In subperiod 1998
2002 MDP between1.223- -0.630 were observed. Majority of the area had
shown MDP betweerl.025- -0.828whereby theNorth-Eastof the regiorhad
shownhigher values oMDP. In subperiod 20032007,MDP between1.166-
-0.734 were observed, majority of the areas showed MDP betdei2P - -
0.734,whereby thaVestern part of the region had showgHhar value of MDP.

In subperiod 20082012, MDP between-1.057% -0.471 were observed. The
whole region had shown MDP betwedh057- -0.471. In subperiod 2013
2017,MDP between-1.338 -0.901 were observed. Majority areas had shown
MDP betweent1.192- -0.901,whereby theNorth-West part had showmgher
values ofMDP.

Over the six sulperiods, it was observed thagjority of the areabad
shown peak MDP isub-period 19881992 MDP then decreased and remained,
as lowest MDP was observed in 262@L2. MDP then increased in the
following period. Besideghe Western and Eastern paitad relatively shown
higher MDP over sulperiods, except 1998997 that relatively showed high
MDP at station 2817001 and 28180Glven the location of the stations being
near to seashore, the hiffDP could be affected by the Hifio episodess
had happenedn 19941995 and 1994998that inhibited rainfall occurrence
due to the inerase in sea daice temperature.
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46.2 SPI-3

Mean drought peals the mean ofowest drought index value within a study
period SPI at 3month timescale was utilised in order to study the spatial
variations of MDP as shown in Figure 4.The colour depth from yellow to

red ndicates the level of MDP from lowest to highest category.
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Figure 4.14: Mean Drought Peak maps of SPFfor each 5years subperiod
along 19882017.

In Region 1, MDP between2.124- -0.739were observed in syberiod
19881992. Majority of the areasad shownMDP between-1.778- -1.086
whereby theNorthernpart of the regiormad showrhigher values oMDP. In
subperiod 19931997,MDP between-1.758- -0.554were observed. Majority
of theareashad showrMDP between1.457- -0.855 whereby theeasterrpart
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of the regiorhad showrhigher values oMDP. In subperiod 1998002 MDP
between1.884- -0.796were observed. Majority of the ardaesd showrMDP
betweeni 1.611- -1.068 whereby theSouthern prt of the regiorhad shown
higher values oMDP. In subperiod 20032007,MDP between1.655--0.713
were observed. Majority of the ardasd showrMDP between1.183- -0.949
whereby thdeastern pardf the regiorhad showrhigher values oMDP. In sub
period 2008012, MDP between-1.627- -0.514were observed. Majority of
the areaviad showrMDP between1.070- -0.793 whereby théNesternpart
of the regiorhad showrhigher values oMDP. In subperiod 20132017,MDP
between4.812- -0.331were observed. Majority of the ardaesd showrMDP
between-2.122 - -0.331, whereby theEasternpart of the regiorhad shown
higher values oMDP.

Over the six superiods, it was observed thagjority of the areabad
shown peak MDP isub-period 19881992. MDP then decreased and remained,
as lowest MDP was observed in 20A@17. Besidesthe Eastern part had
relatively shown higher MDP over the spbriods, except for 1988992, 1998
1992, 20082012 that relatively showed high MDP #tson 5274001, 5275001,
4474002 and 526900Given the location of these stations ltachin inland
area, the high MDRould be affected by Banjaran Trusmadi which is located
near to the stations. Banjaran Trusmadi could btbekNorth-East Monsoon
from reaching the stations;herebyone side of a mountain range may be rainy
and the other side may belgy area, which lead to high MDR a specific area.

In Region 2 MDP between1.431- -1.086were observed in syberiod
19881992. Majority of the areahad shownMDP between-1.431- -1.086
whereby thewhole region had shownhigher values oMDP. In subperiod
19931997,MDP between1.457- -0.855were observed. Majority of the areas
had shownMDP between-1.457 - -0.855 whereby theEastern, NortiWest
pars of the regiorhad showrhigher values oMDP. In subperiod 1998002
MDP between1.339- -0.796were observed. Majority of the ardaasd shown
MDP betweeni 1.339- -0.796 whereby theNorthern @rt of the regiorhad
shownhighe values ofMDP. In subperiod 20032007,MDP between1.418-
-0.949were observed. Majority of the ardasd showrMDP between1.183-
-0.949 whereby theNorthern and Eastern padf the regiorhad showrhigher
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values ofMDP. In subperiod 20082012,MDP between-1.627- -0.793were
observed. Majority of the aredsad shownMDP between-1.627 - -1.07],
whereby théWesternpart of the regiorhad showrhigher values oMDP. In
subperiod 20132017,MDP between2.122- -0.331were observed. Majority
of the areaviad showrMDP between1.226- -0.331,whereby theNorth-East
part of the regiomad showrhigher values oMDP.

Over the six sulperiods, it was observed thagjority of the areabad
shown MDP gradually increased sinagbperiod 19881992,and peak MDP
was observed in 2063012. MDP then decreased as lowest was observed in
20132017. BesidegheEastern part had relatively shown higher MDP over the
subperiods, except for, 1988992, 200&012 that relatively showed high
MDP at station 149%51.Given the location of these stations ltszhin inland
area, the high MDRould be affected by Banjaratelinkangwhich is located
near to the stations. Banjarelinkangcould blockthe SouthWestMonsoon
from reaching the stationgherebyone sideof a mountain range may be rainy

and the other side may bely area, which lead to high MDR a specific area.

In Region 3 MDP between1.778- -0.739were observed in stperiod
19881992. Majority of the areasad shownMDP between-1.431- -1.086
whereby theNorthernpart of the regiormad showrhigher values oMDP. In
subperiod 19931997,MDP between-1.457- -0.554were observed. Majority
of the areahrad shownMDP between-1.156- -0.855 whereby theEastern,
North-Westparts of the regiorhad showrhigher values oMDP. In subperiod
19982002 MDP between1.884- -0.524were observed. Majority of the areas
had shownVIDP betweeni 1.884- -0.796 whereby theEastern and Western
parts of the regiorhad showrhigher values oMDP. In subperiod 20032007,
MDP between1.418- -0.478were observed. Majority of the ardasd shown
MDP between-1.183- -0.713 whereby theWestern parof the regionhad
shownhigher values oMDP. In subperiod 20082012,MDP between1.906-
-0.514were observed. Majority of the arehad showrMDP between1.627-
-0.793 whereby theNorthernpart of the regiorhad shownrhigher values of
MDP. In subperiod 20132017,MDP between-2.122- -0.331were observed.
Majority of the areaviad shownMDP between-2.122- -0.331,whereby the
Southern and Westepars of the regiorhad showrhigher values oMDP.
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Over the six superiods, it was observed thagjority of the areabad
shown MDP gradually decreased sisa&period 19881992, and lowest MDP
was olserved in 2002007. MDP then increased as peak was observed in 2013
2017. BesidegheWestern part had relatively shown higher MDP over the sub
periods, except for 1988992, 2008012 that relatively showed high MDP at
station 3950020 and 375400@iven the location of these stations &ied in
inland area, the higtMDP could be affected by Pergunungan Iran and
Pergunungan Hose which are located near to the stations. Pergunungan Iran
could blockthe North-East Monsoon, whereas Pergunungan Hose could bloc
the SouthWest Monsoon from reaching those stations.

In Region 4 MDP between?2.124- -1.086were observed in sueriod
19881992. Majority of the areasad shownMDP between-1.778- -1.086
whereby theNorth-Eastpart of the regiomad showrhigher values oMDP. In
subperiod 19931997,MDP between1.457- -0.554were observed. Majority
of the areaviad showrMDP between1.156- -0.855 whereby theNorth-East
part of the regioad showrhigher values oMDP. In subperiod 1998002
MDP between-1.611- -0.796were observed. Majority of the ardaasd shown
MDP betweeni 1.339- -0.796 whereby thewhole regionhad showrhigher
values ofMDP, exceptfor the North-East. In subperiod 20032007, MDP
between1.418- -0.713were observed. Majidy of the areasiad showrMDP
between1.183- -0.949 whereby theSouthEast parof the regiorhad shown
higher values oMDP. In subperiod 200&012,MDP between1.348- -0.793
were observed. Majority of the ardasd showrMDP between1.070- -0.7%,
whereby thewhole region had shownhigher values oMDP. In subperiod
20132017,MDP between2.122- -0.331were observed. Majority of the areas
had showrMDP between1.226- -0.331,whereby theSouthEastpart of the
regionhad showrhigher values oMDP.

Over the six suiperiods, it was observed thagjority of the areabad
shown peak MDP was observedsuxperiod 19881992. MDP then gradually
decreased as lowest was observed in ZU1¥. Besideghe Eastern part had
relatively shown higher MDP over the syderiods, except for 1998002 that
relatively showed high MDP at station 5768001, 6168002, 5966003 and
5966001.Given the location of these stations ltezhin inland area, the high



158

MDP could be affected by Banjar&rockerwhich is located near to the stations.
BanjaranCrocker could block the North-East Monsoon from reaching the
stationswherebyone side of a mountain range may be rainy and the other side

may be ary area, which lead to high MOR a specific area.

In Region 5 MDP between2.124- -0.739were observed in syeriod
19881992. Majority of the areakad shownMIDP between-1.778- -1.086
whereby theNorthernpart of the regiormad showrhigher values oMDP. In
subperiod 19931997,MDP between-1.457- -0.554were observed. Majority
of the areabad showrMDP between1.457- -0.855 whereby théeasterrpart
of the regiorhad showrhigher values oMDP. In subperiod 1998002 MDP
between1.611- -0.796were observed. Majority of the ardasd showrMDP
betweeri 1.339- -1.068 whereby theNorth-West and NorttEastpartsof the
region had shownhigher values ofMDP. In subperiod 20032007, MDP
between1.418- -0.713were observed. Majority of the ardasd showrMDP
between1.183- -0.949 whereby theNorthern and Central parof the region
had showrhigher values oMDP. In subperiod 20082012, MDP between-
1.627- -0.514were observed. Majority of the ardasd showrMDP between
1.348- -0.793 whereby theSouthEastpart of the regionhad showrhigher
values ofMDP. In subperiod 20132017,MDP between-2.122- -0.331were
observed. Majority of the aredsad shownMDP between-1.226 - -0.331,
whereby theéSouthEastpart of the regiomad showrhigher values oMDP.

Over the six sulperiods, it wa observed thahajority of the areabad
shown peak MDP was observedsuizperiod 19881992. MDP then gradually
decreased as lowest was observed in Z0t¥. Besideghe Eastern part had
relatively shown higher MDP over the spbriods, except for 1988992, 2003
2007 that relatively showed high MDP at station 5462001, 5364002 and
5361003.Given the location of these stations lexhin inland area, the high
MDP could be affected by Banjar&rockermwhich is located near to the stations.
BanjaranCrocker could block the North-East Monsoon from reaching the
stationswherebyone side of a mountain range may be rainy and the other side

may be alry area, which lead to high MDR a specific area.
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In Region § MDP between2.124- -0.739were obsered in subperiod
19881992. Majority of the areasad shownMDP between-1.778- -1.086
whereby thdcasterrpart of the regiohad showrhigher values oMDP. In sub
period 19931997, MDP between-2.061- -0.554were observed. Majority of
the areatiad slown MDP between1.457- -0.855 whereby theéeasterrpart of
the regionhad showrhigher values oMDP. In subperiod 19982002 MDP
between1.611- -0.796were observed. Majority of the ardasd showrMDP
betweeni 1.611-1.068 whereby theNorthern partof the regionhad shown
higher values oMDP. In subperiod 20032007,MDP between1.418- -0.478
were observed. Majority of the ardasd showrMDP between1.183--0.713
whereby the&Central parbf the regiorhad showrhigher values oMDP. In sub
period 2008012, MDP between-1.906- -0.793were observed. Majority of
the areatiad showrMDP between1.348- -0.793 whereby theSouthern part
of the regiorhad showrhigher values oMDP. In subperiod 20132017,MDP
between2.122- -0.331were observed. Majority of the ardasd showrMDP
between-2.122 -0.331, whereby theWesternpart of the regiorhad shown
higher values oMDP.

Over the six sulperiods, it was observed thagjority of the areabad
shown peak MDP was observedsubperiod 19881992. MDP then gradually
decreased as lowest was observed in ZI¥. BesidesheEastern part of the
region had shown higher MDP over the fdriods, especially at station
4554001 and 485400Given the location of the stations being nessd¢ashore,
the highMDP could be affected by the Hlifio episodess hadhappenedn
19871988, 19911992, 19941995, 19971998, 2002003, 20042005, 2006
2007, 20092010, 20142015 and 2012016that inhibited rainfall occurrence

due to the inease irsea surface temperature.

In Region 7, MDP between1.778- -0.739were observed in syberiod
19881992. Majority of the areasad shownMDP between-1.778- -1.086
whereby theSouthernpart of the regiormad showrhigher values oMDP. In
subperiod 193-1997,MDP between-1.758- -0.855were observed. Majority
of the areavhad shownVIDP between-1.457- -0.855 whereby theSouthern
part of the regiorad showrhigher values oMDP. In subperiod 1998002
MDP between1.339- -0.524were observed. Majority of the ardaasd shown
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MDP betweeni 1.339-0.796 whereby theNorthern and Central parbf the
region had shownhigher values ofMDP. In subperiod 20032007, MDP
between1.655- -0.713were observed. Majority of the ardaed slown MDP
between1.418- -0.949 whereby theSouthern and Western padf the region
had showrhigher values oMDP. In subperiod 20082012, MDP between
1.906- -0.793were observed. Majority of the ardzed showrMDP between
1.348- -0.793 whereby heSouthern parf the regiorhad showrigher values
of MDP. In subperiod 20132017 ,MDP between2.122- -0.331were observed.
Majority of the areashad shownMDP between-2.122 -0.331,whereby the
Northern and Southefpars of the regiorhad showrhigher values oMDP.
Over the six sulperiods, it was observed thagjority of the areabad
shown peak MDP was observedsubperiod 19881992. MDP then gradually
decreased as lowest was observed in ZI1¥. Besideghe Southern part of
the region had shown higher MDP over the-pebods, except 1998002 that
relatively showed high MDP in Northern part of the regi@iven the location
of the stations being near to seashore, the MBI could be affected by the
El-Niflo episodesthat had occurreth 19971998, 20022003 that inhibited

rainfall occurrence due to the iea@se in sea surface temperature.

In Region 8 MDP between?2.124- -0.739were observed in sueriod
19881992. Majority of the areasad shownMDP betwveen-1.778- -1.086
whereby theNorthernpart of the regiormad showrhigher values oMDP. In
subperiod 19931997,MDP between-1.457- -0.855were observed. Majority
of the areavad showrMDP between1.457- -0.855 whereby théeastern and
Westernparts of the regionhad showrhigher values oMDP. In subperiod
19982002 MDP between1.611- -0.796were observed. Majority of the areas
had showrMDP betweeri 1.611-1.068 whereby thd=astern parof the region
had showrhigher values oMDP. In subperiod 20032007, MDP between-
1.418- -0.713were observed. Majority of the ardasd showrMDP between
1.183- -0.949 whereby thaVestern parof the regiorhad showrhigher values
of MDP. In subperiod 20082012,MDP between1.070- -0.514were observed.
Majority of the areatiad shownMDP between-1.070- -0.514 whereby the
Northern and Western panf the regiorhad showrhigher values oMDP. In
subperiod 20132017,MDP between-2.122- -0.331were observed. Majority
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of the areabad $iownMDP between1.226- -0.331,whereby theéeasterrpart
of the regiorhad showrhigher values oMDP.

Over the six sulperiods, it was observed thagjority of the areabad
shown peak MDP was observedsubperiod 19881992. MDP then gradually
decreased as lowest was observed in 22037. Besidesthe Western and
Eastern part of the region had shown higher MDP over th@erbds, except
19881992 that relatively showed high MDP at station 6868001 and 6868002.
Given the location of the stations bginear to seashore, the higibP could
be affected by the ENifio episodesis hachappenedn 19871988, 19911992
that inhibited rainfall occurrence due to the ease in sea surface temperature.

In Region 9 MDP between?2.472- -0.739were observeth subperiod
19881992. Majority of the areasad shownMDP between-1.778- -1.086
whereby theSouthernpart of the regiormad showrhigher values oMDP. In
subperiod 19931997,MDP between1.457- -0.855were observed. Majority
of the areabadshownMDP between1.156- -0.855 whereby théeastern and
Central pars of the regionhad shownrhigher values oMDP. In subperiod
19982002 MDP between1.611- -0.796were observed. Majority of the areas
had showrMDP betweeri 1.339-0.796 whereby tle wholeregionhad shown
higher values oMDP, exceptfor the SouthWest. In subperiod 20032007,
MDP between1.418- -0.478were observed. Majority of the ardasd shown
MDP between-1.183- -0.713 whereby theNestern and Central parnf the
region had shownhigher values ofMDP. In subperiod 2008012, MDP
between1.348- -0.514were observed. Majority of the ardasd showrMDP
between-1.348- -0.793 whereby theWestern parbf the regionhad shown
higher values oMDP. In subperiod 20132017,MDP between2.122- -0.331
were observed. Majority of the ardasd showrMDP between2.122- -0.331,
whereby thaNesternpart of the regiomad showrhigher values oMDP.

Over the six suiperiods, it was observed thagjority of the areabad
shownpeak MDP was observed subperiod 19881992. MDP then gradually
decreased as lowest was observed in ZI1¥. Besideghe Western part of
the region had shown higher MDP over the-pebods, except 1988992,
19931997 that relatively showed high MO station 3137021 and 3234022.

Given the location of the stations being near to seashore, thé/Bi§hcould
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be affected by the ENlifio episodeshat had occurreith 19871988, 19911992,
19941995 and 1994998that inhibited rainfall occurrence due teetincease

in sea surface temperature.

46.3 SPI-6

Mean drought peals the mean ofowest drought index value within a study
period SPI at émonth timescale was utilised in order to study the spatial
variations of MDP as shown in Figure 4.T%e colour depth from yellow to

red indicates the level of MDP from lowest to highest category.
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Figure4.15. Mean Drought Peak maps of S®Ffor each 5years sulperiod
along 19882017.
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In Region 1 MDP between2.121- -0.465were observed in sueriod
19881992. Majority of the areakad shownMDP between-1.569- -1.017,
whereby thewhole region had shownrhigher values oMDP, exceptfor the
Easternpart In subperiod 19931997, MDP between-1.675 - -0.434 were
observed. Majority of the aredsad shownMDP between-1.364 - -0.745
whereby thd=astermart of the regiohad showrigher values oMDP. In sub
period 1998002 MDP between-2.251- -0.822were observed. Majority of
the areadiad slown MDP between1.536- -0.822 whereby theSoutherrpart
of the regiorhad showrhigher values oMDP. In subperiod 20032007,MDP
between1.374- -0.345were observed. Majority of the ardaesd showrMDP
between1.374- -0.688 whereby theNestern ad Eastern pastof the region
had showrhigher values oMDP. In subperiod 2008012, MDP between-
1.685- -0.336were observed. Majority of the ardaed showrMDP between
1.235- -0.786 whereby theCentralpart of the regiomad showrhigher values
of MDP. In subperiod 20132017 ,MDP between2.742- -0.552were observed.
Majority of the areaviad showrMDP between-1.646- -0.552,whereby the
Easterrpart of the regiommad showrhigher values oMDP.

Over the six sulperiods, it waobserved thatajority of the areabad
shown peak MDP was observedsubperiod 19881992. MDP then gradually
decreased as lowest was observed in ZI¥. BesidesheEastern part of the
region had relatively shown high MDP over the faniods, exget for 1988
1992, 1998002, 200&012 that relatively showed high MDP at station
4474002 and 527400Given the location of the stations being near to seashore,
the highMDP could be affected by the Hlifio episodess hadhappenedn
19871988, 19911992 19941995 and 1997998 that inhibited rainfall

occurrence due to the irgase in sea surface temperature.

In Region 2 MDP between2.121- -1.017 were observed in syeriod
19881992. Majority of the areaksad shownMDP between1.569- -1.017,
wherdy the whole regionhad shownhigher values of MDP. In superiod
19931997, MDP betweerl.364- -0.745 were observed. Majority of the areas
had showrMDP between1.364- -1.055,whereby thevhole regiorhad shown
higher values of MDP, excefpdr the Certral part. In sukperiod 1998002,
MDP between1.536- -0.465 were observed. Majority of the arbasl shown
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MDP betweenl1.179- -0.822,whereby theNorth-West part of the regiohad
shownhigher values of MDP. In suberiod 20032007, MDP betweerl.718

- -1.032 were observed. Majority of the arbéasl showrMDP betweenl1.374

- -1.032,whereby theCentral part of the regiohad shownrhigher values of
MDP. In subperiod 20082012, MDP betweerl.685- -0.786 were observed.
Majority of the areaviad shavn MDP between1.685- -0.786,whereby the
Western part of the regiomad shownrhigher values of MDP. In superiod
20132017, MDP betweerl.646- -0.552 were observed. Majority of the areas
had showrMDP between1.646- -0.552,whereby théVestern andNorthern
part of the regiorhad shown higher values of MDP.

Over the six sulperiods, it was observed that majority of theas had
shown MDP gradually deeased sinceug-period 19881992. MDP then
increagd in subperiod 20032007, as peawasobserved in 2002012. MDP
decreased in the following period, bsvestMDP was observed in 2013)17.
BesidestheWestern part of the regidrad relatively showhigh MDP over the
subperiods, except for 2003007 that relatively showed high MDP at siati
1502001 and 140200@.iven the location of the stations being near to seashore,
the highMDP could be affected by the Hifio episodeshat had occurredh
20022003, 20042005 and 200€007that inhibited rainfall occurrence due to

the incease in seaurface temperature.

In Region 3 MDP between2.673- -0.465were observed in stperiod
19881992. Majority of the areakad shownMDP between-2.12% -1.017,
whereby theSouthernpart of the regiomad showrhigher values oMDP. In
subperiod 1993197, MDP between1.675- -0.434were observed. Majority
of the areadad showrMDP between1.364- -0.745 whereby théeastern and
Westernparts of the regionhad showrhigher values oMDP. In subperiod
19982002 MDP between1.536- -0.465were obsergd. Majority of the areas
had showmMDP between1.179- -0.465 whereby thdasterrpart of the region
had showrhigher values oMDP. In subperiod 20032007,MDP between
1.374- -0.345were observed. Majority of the ardgaed showrMDP between
1.031- -0.688 whereby theNorthern and Soutkast pad of the regionhad
shownhigher values oMDP. In subperiod 20082012,MDP between2.586-
-0.336were observed. Majority of the ardasd showrMDP between-1.685-
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-0.786 whereby theCentralpart of hie regiorhad showrhigher values oMDP.
In subperiod 20132017, MDP between-2.742 - -0.552 were observed.
Majority of the areaviad showrMDP between-1.646- -0.552,whereby the
Southerrpart of the regiomad showrhigher values oMDP.

Over the sixsubperiods, it was observed that majority of the atess
shownpeakMDP in sub-period 19881992. MDP then dweasedyraduallyin
subperiod 19931997 as lowest was observed in9982002 MDP then
increasedand remainedn the following period. Besideghe Eastern and
Southern part of the region had relatively shown high MDP over thpesudds,
except for 200@012that relatively showed high MDP at statidh41048 and
2036001 Given the location of these stationsdted in inland area, the high
MDP could be affected by Pergunungan Iran and Pergunungan Hose which are
located near to the stations. Pergunungan Iran could hlexkorth-East
Monsoon, whereas Pergunungan Hose could bilbelSouthWest Monsoon

from reaching those stations.

In Region 4 MDP between2.121- -1.017were observed in stperiod
19881992. Majority of the areasad shownMDP between-2.12% -1.017,
whereby theNorthernpart of the regiormad showrhigher values oMDP. In
subperiod 19931997,MDP between1.364- -0.745were observed. Majority
of the areavad shownVIDP between-1.054- -0.745 whereby theNorthern
part of the regioad showrhigher values oMDP. In subperiod 1998002
MDP between1.536- -0.465were observed. Majority of the ardaasd shown
MDP betwea -1.179- -0.822 whereby theSouthWestpart of the regiornad
shownhigher values oMDP. In subperiod 20032007,MDP between1.374
- -0.688were observed. Majority of the ardaad showrMDP between1.031
- -0.688 whereby thewhole regionhad show higher values oMDP, except
for the Southern partin subperiod 20082012,MDP between-1.235- -0.336
were observed. Majority of the ardasd showrMDP between1.235- -0.336
whereby theSouthernpart of the regiormad showrhigher values oMDP. In
subperiod 20132017,MDP between-1.098- -0.552were observed. Majority
of the areakad showrMDP between1.098- -0.552 whereby thevholeregion
had showrhigher values oMDP.
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Over the six superiods, it was observed that majority of the atesd
shownpeakMDP in sub-period 19881992. MDP then dweasedyraduallyin
subperiod 19931997 as lowest was observed 20082012 MDP then
increasedn the following period. Besidetie Northern part of the region had
relatively shown high MDP ovehe subperiods, except for 1998002, 2008
2012that relatively showed high MDP at stati6h68002 and 5768006Given
the location of these stations l¢ed in inland area, the high MDé&buld be
affected by Banjara&rockerwhich is located near to théations. Banjaran
Crocker could block the North-East Monsoon from reaching the stations,
wherebyone side of a mountain range may be rainy and the other side may be

adry area, which lead to high MOR a specific area.

In Region 5 MDP between2.121- -0.465were observed in steriod
19881992. Majority of the areasad shownMDP between-1.569 -1.017,
whereby théWesternpart of the regiorhad showrhigher values oMDP. In
subperiod 19931997,MDP between1.675- -0.745were observed. Majority
of the areaviad showrMDP between1.364- -1.055 whereby theSouthEast
part of the regiomad showrhigher values oMDP. In subperiod 1998002
MDP between1.893- -0.465were observed. Majority of the ardaasd shown
MDP beaween-1.536- -0.822 whereby theNorthernpart of the regiorhad
shownhigher values oMDP. In subperiod 20032007,MDP between-2.062
- -0.345were observed. Majority of the ardaasd showrMDP between1.031
- -0.345,whereby theNorthern parbof the regionhad showrhigher values of
MDP. In subperiod 20082012,MDP between1.685- -0.336were observed.
Majority of the areatiad shownMDP between-1.685- -0.786 whereby the
wholeregionhad showrhigher values oMDP, excepfor theNorthern partin
subperiod 20132017,MDP between1.646- -0.004were observed. Majority
of the areaviad showrMDP between1.098- -0.552,whereby theSouthEast
part of the regiomad showrhigher values oMDP.

Over the six sulperiods, it was observed that majority of the areas
shown MDP gradually decreasenh sub-period 19881992, andlowest was
observed ir20032007. MDP then ircreasedn the following period and peak
MDP was observed in 206812 Beside, the Northern and Soutkast pad

of the region had relatively shown high MDP over the-gabods, except for
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19881992that relatively showed high MDP at stati6h58001 and 5159003
Given the location of these stations lzhin inland area, the ligDP could

be affected by Banjara@rockerwhich is located near to the stations. Banjaran
Crocker could block the North-East Monsoon from reaching the stations,
wherebyone side of a mountain range may be rainy and the other side may be
adry area, whichead to high MDRn a specific area.

In Region § MDP between3.227- -0.465were observed in sueriod
19881992. Majority of the areaBad shownMDP between-1.569 -0.465
whereby theCentralpart of the regiomad showrhigher values oMDP. In sub-
period 19931997, MDP between-1.675- -0.434were observed. Majority of
the areafiad showrMDP between1.364- -0.745 whereby theNorthernpart
of the regiorhad showrhigher values oMDP. In subperiod 1998002 MDP
between1.536- -0.465were olserved. Majority of the aredsd showrMDP
between1.536- -0.822 whereby theéNorthern and Westenparts of the region
had showrhigher values oMDP. In subperiod 20032007, MDP between
2.062- -0.345were observed. Majority of the ardaasd showrMDP between
1.374- -0.688,whereby thaVestern parof the regiorhad showrhigher values
of MDP. In subperiod 20082012,MDP between2.135- -0.336were observed.
Majority of the areaviad showrMDP between-1.685- -0.786 whereby the
Southernpart d the regionhad shownrhigher values oMDP. In subperiod
20132017,MDP between1.646- -0.004were observed. Majority of the areas
had shownMDP between-1.646- -0.552, whereby theWesternpart of the
regionhad showrhigher values oMDP.

Over the & subperiods, it was observed that majority of the atess
shown lowest MDP was observedn sub-period 19881992. MDP then
gradually ircreasedn the following period and peak MDP was observed in
20082012 Besidesthe Western part of the region haelatively shown high
MDP over the sulperiods, except for 1988992, 19931997, 2008012that
relatively showed high MDP at stati®d®46001, 4752022 and other stations
near to it Given the location of the stations being near to seashore, the high
MDP could be affected by the Hifio episodess hachappenedh 19871988,
19911992, 19941995, 19971998 and 2002010 that inhibited rainfall

occurrence due to the irease in sea surface temperature.
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In Region 7, MDP between2.121- -0.465were observe in subperiod
19881992. Majority of the areakad shownMDP between-1.569 -1.017,
whereby thaVestern, Eastern and Centpairts of the regiorhad showrhigher
values ofMDP. In subperiod 19931997,MDP between-1.986- -0.745were
observed. Majorityof the areahad shownMDP between-1.675- -1.055
whereby theSouthernpart of the regiormad showrhigher values oMDP. In
subperiod 1998002 MDP between1.536- -0.465were observed. Majority
of the areabad showrMDP between1.179- -0.822 whereby theNesterrmpart
of the regiorhad showrhigher values oMDP. In subperiod 20032007,MDP
between1.718- -0.688were observed. Majority of the ardaesd showrMDP
between-1.374- -0.688, whereby theEastern parbf the regionhad shown
higher \alues ofMDP. In subperiod 200&012,MDP between2.135- -0.336
were observed. Majority of the ardaesd showrMDP between1.685- -0.786
whereby thdeastermpart of the regiohad showrhigher values oMDP. In sub
period 20132017,MDP between-2.193- -0.552were observed. Majority of
the areafiad showrMDP between1.646- -1.099,whereby theNorthernpart
of the regiorhad showrhigher values oMDP.

Over the six sulperiods, it was observed that majority of the afreas
shown MDP gradually decreased isub-period 19881992, and lowest was
observed in 2002007. MDP then gradually ioreasedand peak MDP was
observed in 2002012 Besidesthe Western and Eastern padf the region
had relatively shown high MDP over the spériods except for 1993997,
20132017that relatively showed high MDP at statié@05079 and 1015001
Given the location of these stations lazhin inland area, the high MOdéuld
be affected by BanjaraKelinkang which is located near to the stations.
Banjaan Kelinkang could blockthe North-East Monsoon from reaching the
stationswherebyone side of a mountain range may be rainy and the other side

may be ary area, which lead to high MOR a specific area.

In Region § MDP between2.121- -0.465wereobserved in superiod
19881992. Majority of the areaBad shownMDP between-1.016 -0.465
whereby théWVesternpart of the regiorhad showrhigher values oMDP. In
subperiod 19931997,MDP between1.675- -0.434were observed. Majority
of the areabad showrMDP between1.364- -0.745 whereby théVestern and
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SouthEastpart of the regiorhad showrhigher values oMDP. In subperiod
19982002 MDP between1.536- -0.882were observed. Majority of the areas
had showrMDP between1.536- -0.822 whereby théNorthern and Soutkast
parts of the regiorhad showrhigher values oMDP. In subperiod 20032007,
MDP between1.374- -0.345were observed. Majority of the ardasd shown
MDP between-1.031- -0.688, whereby theWestern parof the regionhad
shownhigher values oMDP. In subperiod 20082012,MDP between1.235-
-0.336were observed. Majority of the ardasd showrMDP between1.235-
-0.336 whereby théNorthern and Easteipart of the regiorhad showrhigher
values ofMDP. In subpeiiod 20132017,MDP between-1.646- -0.552were
observed. Majority of the aredsad shownMDP between-1.646 - -0.552,
whereby theeastermart of the regiomad showrhigher values oMDP.

Over the six sulperiods, it was observed that majority of the aresas
shownMDP gradually increased isub-period 19881992, and peak MDP was
observed in 1992002. MDP then gradually dereasedand lowest MDP was
observed in 2002012 Besidesthe Weskrn part of the region had relatively
shown high MDP over the stgeriods, except for 1998002, 2008012, 2013
2017that relatively showed high MDP at stati6670001, 6868001, 5875001
and other stations near to @iven the location of the stations bginear to
seashore, the highiDP could be affected by the Hifio episodeghat had
occurredn 19971998, 2002003, 20092010, 20142015 and 20122016that
inhibited rainfall occurrence due to the iease in sea surface temperature.

In Region 9 MDP between2.673- -0.465were observed in syberiod
19881992. Majority of the areasad shownMDP between-2.121- -1.017,
whereby theNorthernpart of the regiormad showrhigher values oMDP. In
subperiod 19931997,MDP between1.675- -0.745were olserved. Majority
of the areabad showrMDP between1.364- -0.745 whereby theEasterrpart
of the regiorhad showrhigher values oMDP. In subperiod 1998002 MDP
between1.536- -0.465were observed. Majority of the ardasd showrMDP
between-1.179- -0.822 whereby theWesternpart of the regiorhad shown
higher values oMDP. In subperiod 20032007,MDP between1.718--0.345
were observed. Majority of the ardasd showrMDP between1.374- -0.688,
whereby theNorthern and Centre parof the regionrhad showrhigher values
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of MDP. In subperiod 20082012,MDP between1.685- -0.336were observed.
Majority of the areaviad shownMDP between-1.235- -0.786 whereby the
Southernpart of the regiorhad showrhigher values oMDP. In subperiod
20132017,MDP between1.646- -0.552were observed. Majority of the areas
had shownMDP between-1.646- -0.552, whereby theWesternpart of the
regionhad showrhigher values oMDP.

Over the six sulperiods, it was observed thagjority of theareas had
shown pealMDP in sub-period 19881992.MDP then gradually dereasecnd
lowest MDP was observed in 202817 Besidesthe Western and Northern
pars of the region had relatively shown high MDP over the-gebods, except
for 19931997, 2008012 that relatively showed high MDP at stati®8h37021
and 2615021Given the location of the stations being near to seashore, the high
MDP could be affected by the Hifio episode®f 19941995, 19971998 and
20092010that inhibited rainfall occurrence duo the incease in sea surface

temperature.

4.6.4 Summary

According to the SP1 analysis the occurrence &IDP wasthe highesin sub

period 19881992 as compared to other spdriods Peak MDP with the range

of -1.676 - -1.480 had occurred in Region 3 of East Malaysia, and it was
predicted that the high MDP was caused by mountainous topography due to the
location of drought events. In syeriod 19931997, the occurrence of MDP
was casidered low among the syieriods. Peak MDP with the range-bf621

- -1.445 had occurred in Region 3 of East Malaysia. By referring to the location
of drought events, it was predicted that high MDP was caused by mountainous
topography as welOn averag, the occurrence of MDP was considered low in
subperiod 1998002. Peak MDP with the range ef.621 - -1.423 had
occurred in Region 1 of East Malaysia, and it was causétl-byfio episodes

due to its location being near to seashdfer subperiod 20032007, the
occurrence of MDP was the high among the-gabods. Peak MDP with the
range of-1.456- -1.312 was observed in Region 8 of East Malaysia, and it was
predicted that the high MDP was causedrimuntainous topography due to its
location. For subperiod, 2008012, peak MDP with the range df.393- -

1.645 was observed in Region 3 of East Malaysia, and it could be caused by the
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mountainous topography due to its location. For-gaihod 20132017, peak
MDP with the range 0f1.485- -1.339 was obseed in Region 7 of East
Malaysia, and it could be caused by mountainous topogra&prerall, SPil
had showrthat peakVMIDP had occurred often in Eastern part of East Malaysia.
Besides, Region 3 had shown most occurrence of peak MDP. Regarding the
locationof MDP, peak MDP were mostly caused by mountainous topography
rather tharkl-Nifio episodes

As for SP13 analysis the occurrence d¥IDP was low in subperiod
19881992 as compared to other spdriods Peak MDP with the range ef
2.472--2.125 had occued in Region 9 of East Malaysia, and it was predicted
that the high MDP was caused by mountainous topography due to the location
of drought events. In syberiod 19931997, the occurrence of MDP was
considered low among the spkriods. Peak MDP with thrange of-2.061- -
1.759 had occurred in Region 7 of East Malaysia. By referring to the location
of drought events, it was predicted that high MDP was caused by mountainous
topography as welDn averagethe occurrence of MDP was the highest in-sub
period19982002. Peak MDP with the range-4£804- -1.612 had occurred in
Region 1 of East Malaysia, and it was caused by mountainous topography. For
subperiod 20032007, the occurrence of MDP was high among thepastods.
Peak MDP with the range e1.655- -1.419 was observed in Region 1 of East
Malaysia, and it was predicted that the high MDP was causedl-byifio
episodesiue to its location being near to seashore. Fompsuind, 20082012,
peak MDP with the range 01.906- -1.628 was observed in Reg 3 of East
Malaysia. However, it could be caused by the mountainous topography due to
its location. For sulperiod 20132017, the occurrence of MDP was the lowest
among the sulperiods. Peak MDP with the range @f.812 - -3.916 was
observed in Region bdf East Malaysia, and it could be causedHNifio
episodeslue to its location being near to seash@reerall,the SPF3 had shown
that peakMDP had occurred often in Eastern part of East Malayésides,
Region 1 had shown most occurrence of peakPMRegarding the location of
MDP, peak MDP were mostly caused by mountainous topography rather than
El-Nifio episodes

For SP46, the occurrence dfIDP was high in sukperiod 19881992 as
compared to other syteriods Peak MDP with the range €8.227- -2.674 had
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occurred in Region 6 of East Malaysia, and it was predicted that the high MDP
was caused bEl-Niflo episodeslue to its location being near to seashore. In
subperiod 19931997, the occurrence of MDP was the highest among the sub
periods. Peak MDWith the range 0f1.906- -1.676 had occurred in Region 7

of East Malaysia. By referring to the location of drought events, it was predicted
that high MDP was caused by mountainous topografhy.average the
occurrence of MDP was considered high in-pebiod 1998002. Peak MDP
with the range 0f2.251- -1.894 had occurred in Region 1 of East Malaysia,
and it was caused by mountainous topography. Fepstibd 20032007, peak
MDP with the range 0f2.062- -1.719 was observed in Region 5 of East
Malaysia, and it was predicted that the high MDP was causeBHNifio
episodegiue to its location being near to seashore. Fompsuind, 20082012,
peak MDP with the range 62.506- -2.136 was observed in Region 3 of East
Malaysia. However, it could be csed by the mountainous topography due to
its location. For suiperiod 20132017, peak MDP with the range &.742- -
2.194 was observed in Region 1 of East Malaysia, and it could be causkd by
Nifio episodegsiue to its location being near to seash@weerall, SPi6 had
shownthat peakMDP had occurred often in Eastern and CentralsgafrEast
Malaysia. Besides, Region 1 had shown most occurrence of peak MDP.
Regarding the location of MDP, peak MDP were mostly causeB/HNifio
episodesather than mourginous topography.

4.7 Drought Categories

In order to differentiate the differences between drought categories (Mild
Drought, Moderate Drought, Severe Drought, Extreme Drought), a table had
been constructed as shown in Table 4.2. The number of statiofmathbeen
grouped into each drought category had been recorded with respect to
Standardized Precipitation Index iR B- and 6months timescales. A total of

251 stations in East Malaysia were chosen to be studied from year 1988 to year
2017.For further @scription of drought categories, graphs had been produced
for clearer view of the differences between drought categories, as shown in
Figure 4.16, Figure 4.17 and Figure 4.18.
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Table4.2: Number of stations1 each drought category.

SPH1L SPI3 SPI6

[ ° o ° [ °

s 2 5 s 2 5 s § 05

= 8 5 § T B z z = B :
Years = = o W = = o W S S »n W
1988 245 122 85 48 251 93 42 29 251 57 26 21
1989 249 154 83 59 248 137 80 55 240 143 56 34
1990 250 196 128 98 247 191 110 81 245 185 112 59
1991 251 191 149 109 249 201 160 99 239 195 122 67
1992 251 170 136 88 247 160 92 95 242 169 99 58
1993 249 177 102 55 247 143 70 33 244 130 54 22
1994 246 155 127 108 248 174 94 60 243 143 77 34
1995 245 123 67 28 238 76 39 13 220 72 29 16
1996 249 148 71 28 236 97 37 19 200 76 27 12
1997 250 183 161 129 250 194 146 93 247 193 145 94
1998 245 120 83 112 243 117 82 117 239 148 116 98
1999 250 136 59 21 243 101 26 7 233 76 27 7
2000 248 152 79 29 247 108 40 9 233 84 32 8
2001 248 168 102 38 248 146 73 20 236 111 42 9
2002 250 171 98 40 251 180 87 41 247 171 62 21
2003 248 167 86 58 248 164 74 37 245 153 53 19
2004 248 177 129 80 249 165 94 32 244 139 55 18
2005 250 163 75 47 249 128 61 38 236 115 57 17
2006 248 155 115 61 246 148 96 60 235 126 90 47
2007 249 98 48 16 234 60 23 19 213 39 14 14
2008 247 76 16 13 218 45 9 14 191 39 15 14
2009 246 179 115 61 250 177 115 68 238 170 107 56
2010 239 90 54 80 224 77 56 46 207 73 42 26
2011 250 139 90 41 245 144 61 28 236 119 54 23
2012 247 155 114 75 246 160 80 48 238 159 101 49
2013 250 143 71 50 246 124 57 22 234 129 49 23
2014 248 172 147 120 243 186 106 59 238 174 113 78
2015 248 185 121 92 250 182 115 54 241 175 105 48
2016 249 144 120 80 250 159 87 71 248 160 81 44
2017 245 104 49 25 232 56 18 11 208 63 24 9
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Figure4.16: Number of stations that showed different drought categories in SPI
1.

In SP}H1, the numbers of stations had shawehighest occurrence of
Mild Drought, followed by Moderate, Severe and Extreme Drought. Almost all
of the stations being studied (251) had relatively shown consistent trend for Mild
Drought category. For Moderate Drought, the number of stations were
fluctuaing in the range o¥6-196 stations, whereas for Severe Drought, the
number of stations were fluctuating in the rangd®f.61 stations. All of the
number of stations for the categories above did not overtake each other
throughout the 30 years, except Extreme Drought. For Extreme Drought, the
number of stations were fluctuating in the rang&3129stations. However, it
was observed that the number of stations for extreme drought had overtaken
severe drought in year 199P98 and 2002010. The phemmenon could be
explained by the very strorig)-Nifio episodeshat happened in year 199998
and 20092010, in whichrainfall occurrencenhad beennhibited due to the

increase in sea surface temperature, resulting in Extreme Drought.
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Figure4.17: Number of stations that showed different drought categories in SPI
3.

In SPI3, the graph had shown relatively higher fluctuation of number
of stations as compared to SPIHowever, an almost similar trend had ee
recordedwhereby thehe numbers of stations had shaWehighest occurrence
of mild drought, followed by Moderate, Severe and Extreme drought. For Mild
Drought, the number stations had shawonsistent trend in the range 218
251. For Moderate Dugght and Severe Drought, the number of station®g we
fluctuating in the range of 4801 stations an®-160 respectively. All of the
number of stations for the categories above did not overtake each other
throughout the 30 years, except for Extreme Drougit Extreme Drought, the
number of stations were fluctuating in the rang&-@flL7 stations. However, it
was observed that the number of stations for Extreme Drought had overtaken
severe drought in year 199P98 and 200-2008. The phenomenon could be
expained by the very strongl-Nifio episodeshat happened in year 199998
and wealEl-Nifio episodes 20062007, in whictrainfall occurrencéad been
inhibited due to the inelase in sea surface temperature, resulting in Extreme

Drought.
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Figure4.18 Number of stations that showed different drought categories in SPI
6.

In SPI6, the graph had shown even higher fluctuatiothehumber of
stations as compared to SPand SPB. However, an almostrsilar trend had
been recordedwhereby thethe numbers of stations had showre highest
occurrence of mild drought, followed by Moderate, Severe and Extreme drought.
For Mild Drought, the numbaeaf stations had shown a trend in the rang&9df
251. ForModerate Drought and Severe Drought, the number of stations were
fluctuating in the range 89195 stations and.4-122 respectively. All of the
number of stations for the categories above did not overtake each other
throughout the 30 years, except fitve case of theExtreme Drought. For
Extreme Drought, the number of stations were fluctuating in the rang@&®f
stations. However, it was observed that the number of stations for Extreme
Drought had overtaken severe drought in year 8. The phenomeno
could be explained by the wedK-Nifio episodesn 20062007, in which
rainfall occurrencehad beeninhibited due to the inelase in sea surface
temperature, resulting in Extreme Drought. As an explanation, thé &BInot
show the results of Extremer@ught overtaken Severe Drought in 199908
as shown in SP1 and SPB, it might due to the sensitivity of SB) which was
considered to be lesgcurate representation of monthly@p&ation for a given
location. In order to further study the Spatidriation, maps of different

drought categories had been produced as shown in Figure 4.19.
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Figure 4.19: Mild Drought maps of SP1 for each 5years sukperiod along
19882017.

According to the studwith SP}1, the occurrence dflild Droughtwas
high in subperiod 19881992 as compared to other spériods. Peakvild
Drought with the range of 3.26.0had occurred in Region 3 of East Malaysia,
and it was predicted that the highild Drought was caused by mountainous
topography due to the location of drought events. Inprind 19931997, the
occurrence oMild Drought was considered high as wedHeakMild Drought
with the range of 25:28.8 had occurred in Regionof East Maaysia. By
referring to the location of drought events, it was predicted that Midgh
Drought was caused by Hllifio episodes due to its location being near to
seashoreOn averaggethe occurrence d¥lild Droughtwas consideretligh in
subperiod 1998002 PeakMild Drought with the range of23.7-26.7 had
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occurred in Region »f East Malaysia, and it was caused byN&io episodes
due to its location being near to seashore. Forpsuwiod 20032007, the
occurrence ofMild Drought was lowamong the superiods. PeakMild
Droughtwith the range 025.328.8was obsered in Region bf East Malaysia,
and it was predicted that the highild Drought was caused by mountainous
topography due to its location. For spériod, 20082012, pealkMild Drought
with the range of 25.329.0 was observed in RegioroREast Malaysia, and it
could be caused by Hifio episodes due to its location being near to seashore.
For subperiod 20132017, peakMild Droughtwith the range 027.631.9was
observed in Region 7 of East Mgdda, and it could be caused by-MFio
episodegoo. In overall, SPI1 had showrthat peakVild Droughthad occurred
often in Easterand SoutAWestparts of East Malaysia. Besides, Regiomad
shownmost occurrence of pedkild Drought Regardinghe location oMild
Drought peakMild Droughtcould bothcaused by mountainous topograatmg

El-Nifio episodes.
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Figure 4.20: Mild Drought maps of SP3 for each 5years sulperiod along
19882017.

Figure 4.20 shows th8P}3 analysis wherethe occurrence oMild
Droughtwashigh in subperiod 19881992 as compared to other spériods.
PeakMild Drought with the range of 27-82.0 had occurred in Regiorof East
Malaysia, and it was pdicted that the higMild Droughtwas caused by El
Nifio episodes due to its location being near to seashore. {pesiagll 1993
1997, the occurrence dflild Drought was considered low among theb
periods PeakMild Drought with the range of 27-81.9 ha occurred in Region
1 of East Malaysia. By referring to the location of drought events, it was
predicted that higivild Droughtwas caused bgnountainous topograph@n
average the occurrence dflild Drought was considerethigh in subperiod
19982002. Rak Mild Drought with the range 0£24.328.9 had ocurred in
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Region 2of East Malaysia, and it was caused byNilio episodes due to its
location being near to seashore. For-pgbod 20032007, the occurrence of
Mild Drought was highamong the suiperiods. PeakMild Drought with the
range 0f26.430.9 was obsered in Region lof East Malaysia, and it was
predicted that the highlild Droughtwas caused by E\lifio episodes. For sub
period, 2008012, peakMild Drought with the range of 25:30.0 was
observed in Region &f East Malaysia, and it could be caused byNEio
episodes due to its location being near to seashore. Fqesioo 20132017,
peakMild Drought with the range 0o£5.530.0 was observed in Regiono?
East Malaysia, and it could loaused by ENifio episodes$oo. In overall, SRI
3 had showrthat peakMViild Droughthad occurred often iRastern and South
Westpart of East Malaysia. Besides, Regiom@d showrmmost occurrence of
peakMild Drought Regardinghe location oMild Drought, peakMild Drought

werecause byEI-Nifio episodes rather than mountainous topography.
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Figure 4.21: Mild Drought maps of SPé for each 5years sukperiod along
19882017.

Figure 4.21 showthe study by SP6, wherethe occurrence ofild
Droughtwasaveragen subperiod 19881992 as compared to other spériods.
PeakMild Drought with the range of 30:85.9 had occurred in RegiorolEast
Malaysia, and it was predicted that the hiihd Droughtwas caused by El
Nifio episodes due to its location being near to seashore. {pesiagll 1993
1997, the occurrence @flild Drought was considered high among the>
periods PeakMild Drought with the range of 26:81.1 had occurred in Region
1 of East Malaysia. By referring to the location of drought events, it was
predicted that highMild Drought was caused bynountainous topography.
Averagely, the occurrence dfild Droughtwas consideredighin subperiod
19982002. PeakMild Drought with the range 0£28.634.0 had ocurred in
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Region 7of East Malaysia, and it was causednbguntainous topographyor
subperiod 20032007, the occurrence bfild Drought was higlamong the sub
periods. Peaklild Droughtwith the range 028.8-33.9wasobsened in Region

1 of East Malaysia, and it was predicted that the Mgl Droughtwas caused
by EFNifio episodes. For syteriod, 20082012, peakMild Drought with the
range of 21.85.0 was observed in RegioroflEast Malaysia, and it could be
causé by EFNifio episodes due to its location being near to seashore. For sub
period 20132017 ,the occurrence of Mild Drought is the highest among the sub
periods. RBakMild Droughtwith the range 024.1-30.0 was observed in Region
9 of East Malaysia, and dould be caused by Hifio episodesoo. In overall,
SP}6 had showrthat peakMild Droughthad occurred often iRasterrpart of
East Malaysia. Besides, Regiorhdd shownmost occurrence of pedyild
Drought Regardingthe location ofMild Drought, peakMild Drought was
causd by EI-Nifio episodes rather than mountainous topography.
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Figure4.22: Moderate Drought maps of SPIfor each 5years sukperiod along
19882017.

Figure 4.22 showthe study by SP1, wherethe occurrence dfloderate
Droughtwashigh in subperiod 19881992 as compared to other spéxiods.
PeakModerate Drought with the range of 819 had occurred in Regiondd
East Malaysia, and it was predicted that the IMiglierate Droughivas caused
by mountainous topography due to its specific locationsubperiod 1993
1997, the occurrence dfloderate Drought was the lowest among Hud
periods PeakModerate Drought with the range of 9%.5 had occurred in
Region %of East Malaysia. By referring to the location of drought events, it was
predicted that higiModerate Droughtvas caused by Hifio episodesiue to
its location being near to seasho@n averagethe occurrence dfloderate
Droughtwas considerelbw in subperiod 1998002. PealModerate Drought


































































