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ABSTRACT

Droughts are constantly threatening the global water availability and food securities worldwide. This
study aims to evaluate the short- and long-term (1-, 6- and 12-month) drought conditions in Peninsular
Malaysia during 1989-2018 using Standardized Precipitation Index and Evaporative Demand Drought
Index. Historical trends of drought conditions were analyzed using modified Mann-Kendall test.
Spearman’s g approach was also applied to examine the spatial patterns of correlations between these
drought indices. Based on the findings, Evaporative Demand Drought Index shows increasing
tendency towards drier conditions in the northern half of Peninsular Malaysia, but opposite trends are
observed for Standardized Precipitation Index. The time series of Evaporative Demand Drought Index
are generally well-correlated to that of Standardized Precipitation Index at all three timescales for the
whole study area, except for the northern region. The evidence presented suggests Evaporative
Demand Drought Index is a great alternative for drought monitoring applications in Peninsular

Malaysia.
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1 Introduction

Drought is a recurring extreme precipitation event over land that arises from considerable deficiency in
rainfall [1]. It is defined as a dry spell relative to its local normal condition, thus it can occur even in wet
and humid regions. It is one of the most complex natural phenomena due to the difficulty in identifying
and predicting its onset and end [2]. According to the World Health Organization, an estimated 55 million
people globally are affected by droughts every year, with 700 million people at risk of being displaced by
2030 due to the impacts of water scarcity [3]. As global warming continues, its adverse effects on food

supply and water security will be further amplified in the context of climate change.

The existing natural disaster mitigation measure in Peninsular Malaysia is more focused on flood emergency
scenario rather than drought recovery due to the abundant amount of annual rainfall. Hence, it can be
detrimental when severe drought events occut. In fact, the prolonged period of dry spells during 1997/1998
and 2015/2016 that caused water shortage in major cities such as Kuala Lumpur and Johor are strong
signals of our vulnerability towards extreme drought conditions under the climate change impacts [4]. To
further understand the spatiotemporal characteristics of drought in Peninsular Malaysia, Fung ¢7 a/. [4] have
conducted a drought analysis using Standardized Precipitation Index (SPI) and Standardized Precipitation
Evapotranspiration Index (SPEI). They found increasing drought conditions for the southern region of
Peninsular Malaysia. In contrast, He ¢z /. [5] found tendency towards wetter conditions over most regions

of Peninsular Malaysia, except the northern region. The findings by Fung ez a/. [4] are generally in agreement
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with Gevaert ¢# al. [6] that drought indicators tend to be more responsive towards short-term drought in
this region, especially at 1-month timescale. The frequent short-term drought could be due to the alternating
high temperature and extreme rainfall in Peninsular Malaysia [4]. Nevertheless, all these previous studies in
Peninsular Malaysia only utilized limited numbers of drought indicators, namely SPI, SPEI and Palmer
Drought Severity Index (PDSI), which have limitations in capturing the rapidly evolving drought at sub-
monthly timescale (flash drought) [7]. The rapid onset of flash drought significantly reduces the time
available for disaster preparation measures, thus has more severe impact on socioeconomic activities than
a slower developing but persisting drought [8]. Recently, an evaporation-based multiscalar drought index
known as Evaporative Demand Drought Index (EDDI) has been introduced by Hobbins ez 4/ [9] to address
this issue. This drought index has the advantage of being sensitive to rapid changes in soil moisture and can
provide early warnings on flash drought development at weekly timescale, which is useful for drought

monitoring application in region experiencing frequent flash drought such as Peninsular Malaysia.

This study aims to examine the application of EDDI in drought analysis for Peninsular Malaysia in
comparison to SPI. These two drought indices were computed at three different timescales (1-, 6- and 12-
month) over 1989-2018 by using the climate data from European Centre for Medium-range Weather
Forecasts ReAnalysis 5 (ERAS) dataset [10].

2  Study Area and Data

Peninsular Malaysia, also known as West Malaysia, is chosen as the study area (Figure 1). Peninsular Malaysia
can be divided into five main climatic regions based on the rainfall clustering analysis conducted by Bakar
et al. [11] and Lim [12]. Peninsular Malaysia receives around 2500 mm rainfall annually [13], with its climate
greatly modulated by the tropical monsoon system. The rainfall seasons in Peninsular Malaysia can be
categorized into four, which are northeast and southwest monsoon seasons, with two inter-monsoon

seasons in between [14].
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Figure 1: Topographical map for Peninsular Malaysia. The thick black lines represent the boundaries of
climatic regions, while the grey boxes represent areas covered by the grids of ERA5 dataset.

To compute SPI and EDDI, five atmospheric variables are required; they are rainfall, temperature,
dewpoint temperature, solar radiation, and wind speed. These climatic data was obtained from the
0.25°%0.25° ERA5 hourly reanalysis dataset by the European Centre for Medium-Range Weather Forecasts
(ECMWEF) [10] due to limitation in availability of observation data for Peninsular Malaysia. A total of 239
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grids from the reanalysis dataset were selected based on its spatial resolution to completely cover the study

area (Figure 1). The total duration for this study is 30-year period (from 1989 to 2018).

3 Methods
3.1 Drought Index Formulation

In this study, two drought indices, namely SPI and EDDI, were chosen for the assessment. These drought
indices were computed at three temporal scales which are 1-, 6- and 12-month timescales. SPI is a
precipitation-based index measuring the probability of rainfall occurrence within a certain period [2]. It was
chosen as the benchmark for the comparison as it is among the most recognized indicator in drought
analysis [15, 16]. SPI was computed for all individual grid following the methodology by McKee ¢z a/. [2].

Positive SPI values indicate surplus of rainfall while negative SPI values indicate deficit of rainfall.

EDDI is computed based on the evaporative demand (Eo) of the atmosphere [9]. To calculate Eo, the
American Society of Civil Engineers (ASCE) standardized reference evapotranspiration equation [17] was
applied. The estimation of Eo is derived from the Penman—Monteith equation [18]. To compute this ASCE
version of the Penman—Monteith equation, it requires surface downwards solar radiation, mean air
temperature, dewpoint temperature and wind speed data, which were extracted from ERAS5 datasets. A
negative EDDI values indicate wet conditions and positive values indicate dry conditions, with drought

severity increasing with greater positive EDDI value.

3.2 Trend Analysis and Correlation Test

For trend detection, the Mann-Kendall test was adopted to identify the tendency of the drought indices. It
is a nonparametric rank-based statistical test which is more robust towards outliers regardless of the
distribution of time series. The null hypothesis of the Mann-Kendall test indicates stationary trend over the
time series, whereas the alternative hypothesis indicates the presence of monotonic upward or downward
trend. This study adopted the modified version of Mann-Kendall test (MMK) to consider significant
autocorrelations exist in the time series [19]. The difference between original Mann-Kendall test and MMK
test is the original variance, [7arp(§) was recalculated as I7ar/(§) in MMK test when the coefficient of the

ranks of the data exceeds of the 95% interval as shown in Equation 1:
Var,(S) = Vary(S) X nl (1)

where 7 is the actual sample size and 7, is the effective sample size for the data. The 7/, ratio is the
correction factor to Var(§) to consider the autocorrelations in the time series. Positive (negative) MMK

value indicates upward (downward) trend.

The correlation between EDDI and SPI was calculated by applying the nonparametric Spearman’s g
correlation test at 0.01 significance level [20]. It measures the relationship between the rank values of two
variables, with the value +1 (-1) indicates a perfect positive (negative) association, while zero value indicates

no correlation between these two variables.

4  Results and Discussions
4.1 Spatial Distributions of Trends

The spatial distributions of trends for EDDI shows that there are significant increases in drought conditions
at regions between 4°N and 6°N for 1-,; 6- and 12-month timescales (Figure 2). In contrast, SPI shows

significant decreases in drought conditions in most part of Peninsular Malaysia as the timescale increases.
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The difference in trends between SPI and EDDI can be explained by the climatic variables used to compute
each drought index. The SPI only considers precipitation deficit, whereas EDDI takes into account the
drying conditions in the atmosphere [21]. Previous study found precipitation extremes ate increasing
significantly in the east coast, northern and southwest regions [13]. The increasing rainfall at the similar
regions could be the main factors for reductions in drought conditions indicated by SPI due to its
dependency on rainfall data in its formulation. In contrast, the evapotranspiration based EDDI are more
sensitive to drought that are driven by changes in the other atmospheric drivers such as temperature, solar
radiation, wind speed and relative humidity [22]. In previous research by Fung e a/. [4] in Peninsular
Malaysia, they have reported increasing trends for monthly temperature in all regions. This could have
resulted in the increasing trends for EDDI. Nonetheless, the other climatic forcings such as wind speed
and relative humidity also play important roles in driving the drought conditions indicated by EDDI [9].
Therefore, the trends of other climatic variables need to be further analyzed to identify the factors for

deviation of results.
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Figure 2: Spatial patterns of trends for drought indices over Peninsular Malaysia during 1989-2018.
4.2  Time Series and Correlations

The regional averaged time series of SPI and EDDI at 1-, 6- and 12-month timescales were computed for
the whole Peninsular Malaysia over 1989-2018. Figure 3 shows that time series for EDDI is strongly
identical to that of SPI at all timescales. Note that the y-axes of EDDI are inverted to facilitate the
comparison of drought severity relative to SPI. The graph demonstrates that the peak and dip of time series
are well-captured by EDDI at all timescales throughout the study period. This shows that EDDI is robust
in measuring droughts at both long-term and short-term durations. The time series of these two indices are
strongly correlated (< -0.8) at 99% level for all timescales (Figure 3). Their correlation is the highest at 6-
month timescale, followed by 12-month and 1-month. The strong correlations between EDDI and SPI are
in agreement with the findings by Yao ez 4/ [21] for mainland China. From Figure 4, the regions with lower
correlations between EDDI and SPI are mainly located between 100°E and 102°E longitude and 4.5°N
and 5.5°N latitude. These are the regions with higher annual temperature [23] but still receive huge amount
of rainfall annually [13]. Under this atmospheric condition, SPI tends to indicate wet conditions, but EDDI
tends to produce opposite results due to their dependencies on different variables. Therefore, lower
correlations between EDDI and SPI in these regions are expected. The correlations for all grids are
statistically significant at 0.01 significance level, except three grids located at the northern region at 12-

month timescale.
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Figure 3: Regional averaged time series of EDDI (red line) and SPI (blue line) at (a) 1-month, (b) 6-month and
(c) 12-month timescales for Peninsular Malaysia over 1989-2018.
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Figure 4: Spatial distributions of correlations between EDDI and SPI at (a) 1-month, (b) 6-month and (c) 12-
month timescales for Peninsular Malaysia over 1989-2018. The black dots indicate statistically significant at
0.01 significance level.

5 Conclusions

This study focused on the evaluation of drought conditions in Peninsular Malaysia during 1989—2018 using
SPI and EDDI as the drought indicators. Trend analysis found mixed signals from these drought indices
for the northern half of Peninsular Malaysia, which are likely due to their dependencies on different climatic
variables in their formulations. For all timescales, EDDI performed consistently well in matching the
drought severities indicated by SPI throughout the study period. The spatial distributions of correlations
also demonstrate that EDDI is well-correlated with SPI over the study area. The findings of this study show
that EDDI can be a great alternative to SPI in drought monitoring applications, but the characteristics of
Eo and the performance of EDDI during severe droughts need to be further studied to ensure its
applicability in Peninsular Malaysia. This study also verifies that Peninsular Malaysia is susceptible to

drought risks, despite high annual rainfall.
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