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Abstract. Rapid urbanization in the state of Selangor,
Malaysia, has led to a change in the land use, physical prop-
erties of basins, vegetation cover and impermeable surface
water. These changes have affected the pattern and processes
of the hydrological cycle, resulting in the ability of the basin
region to store water supply to decline. Reliability on water
supply from river basins depends on their low-flow charac-
teristics. The impacts of minimum storage on hydrological
drought are yet to be incorporated and assessed. Thus, this
study aims to understand the concept of low-flow drought
characteristics and the predictive significance of river storage
draft rates in managing sustainable water catchment. In this
study, the long-term streamflow data of 40 years from seven
stations in Selangor were used, and the streamflow trends
were analyzed. Low-flow frequency analysis was derived us-
ing the Weibull plotting position and four specific frequency
distributions. Maximum likelihood was used to parameter-
ize, while Kolmogorov–Smirnov tests were used to evaluate
their fit to the dataset. The mass curve was used to quan-
tify the minimum storage draft rate required to maintain the
50 % mean annual flow for the 10-year recurrence interval of
low flow. Next, low-flow river discharges were analyzed us-
ing the 7 d mean annual minimum, while the drought event
was determined using the 90th percentile (Q90) as the thresh-
old level. The inter-event time and moving average was em-
ployed to remove the dependent and minor droughts in de-
termining the drought characteristics. The result of the study
shows that the lognormal (2P) distribution was found to be
the best fit for low-flow frequency analysis to derive the low-
flow return period. This analysis reveals September to De-

cember to be a critical period in river water storage to sustain
the water availability during low flow in a 10-year occurrence
interval. These findings indicated that hydrological droughts
have generally become more critical in the availability of
rivers to sustain water demand during low flows. These re-
sults can help in emphasizing the natural flow of water to
provide water supply for continuous use during low flow.

1 Introduction

Droughts are long-term natural disaster phenomena result-
ing from less-than-average precipitation causing significant
damages to a wide variety of sectors, affecting large regions.
The rapid development of the world now sees an increase in
population, and climate change tends to increase drought oc-
currences (Bakanoğullari and Yeşilköy, 2014; Tigkas et al.,
2012). Droughts have considerable economic, societal and
environmental impacts. Droughts can typically be classified
into four types, depending on the different kinds of impacts
of drought in different areas: meteorological, hydrological,
agricultural and socio-economic (Hasan et al., 2019; Tri et
al., 2019). Any type of drought is dynamic and defined by
various characteristics such as frequency, severity, duration
and magnitude. This study mainly focuses on hydrological
drought. The related hydrological aspects, including low wa-
ter levels and decreased groundwater recharge, are more di-
rectly affected by the hydrological-drought impacts.
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Extreme drought can cause significant water cycle imbal-
ances that alter the processes of precipitation and evapo-
ration; the circulation of atmospheric water vapor; and the
availability of soil moisture, which results in a low volume
of water in streams, rivers and reservoirs. The equilibrium
between both the water that is taken out for supply and that
is substituted by surface runoff must be maintained. A critical
issue arises when there is a dry season and there is no esti-
mated water excess. Under such conditions, water shortages
can happen even though the dry season is not too extreme.
Human activities and poor management of water resources
can lead to water scarcity, which could be exacerbated by
drought. In certain regions, water consumption increases the
severity of water scarcity and triggers water shortage events
in regions that are relatively well endorsed with water re-
sources (Wada et al., 2013).

Hydrological drought is a natural event with streamflow
deficits in duration and volume (Kubiak-Wójcicka and Bąk,
2018). In a hydrological drought, not every low-flow occur-
rence can be called a drought, and several low flows can form
one hydrological drought (Teegavarapu et al., 2019). It is not
advisable to equate hydrological drought with low flow or
other related hazards. Low flow is a term that is often used,
referring to low-flow discharge. Low flow is often defined
by a minimum annual series which does not reflect hydro-
logical drought in all years. Fleig et al. (2006) distinguished
between hydrological-drought and low-flow characteristics.
For some specific purposes, the main feature of drought is
said to be the water deficit. Low flows are usually observed
during a drought, but they only feature one aspect of the
drought, namely the magnitude of drought. Low-flow anal-
ysis is described as analyses that attempt to understand the
short-term physical development of flows at a point along a
river. The minimal annual n d average discharge is the most
widely used low-flow index.

Water availability in many areas is becoming less pre-
dictable due to climate change. More significant periods of
drought and higher temperature are projected to affect the
rainfall distribution and river flow used for water availability
causing deleterious effects on water supply. The watershed
also plays a significant role in the propagation of drought
and affects procedures such as pooling, lagging and length-
ening (Fleig et al., 2006; Sarailidis et al., 2019). Some re-
search further explored the specific functions of climate con-
trol and watershed influence in regulating features of hydro-
logical drought, and the findings are largely based on spatial
scales (Austin and Nelms, 2017; Barker et al., 2016; Liu et
al., 2012; Zarafshani et al., 2016; Zhu et al., 2018). Gener-
ally, the duration of hydrological drought and the quantity of
the deficit are more climate-related than watershed-related.
However, watershed features such as geology, region, slope
and groundwater regime perform a significant part in regu-
lating the duration of hydrological drought and the quantity
deficit for the regional scale, where the climate is presumed
to be relatively constant (Gianfagna et al., 2015; Laaha and

Blöschl, 2006, 2007; Liu et al., 2016). The influences on hy-
drological drought are not restricted to the external variables
such as climatic and watershed variables and should not be
disregarded for anthropogenic activities in the form of land
use modification, reservoir control, irrigation, and water ex-
traction or withdrawal (Hatzigiannakis et al., 2016; Richter
and Thomas, 2007; Sun et al., 2018; Toriman et al., 2013).

In the event that the low flow of the river is sufficient to
meet the water demand, the storage may be utilized to in-
crease the guaranteed water supply. The hydrological aspects
which must be considered are the amount of storage neces-
sary to sustain a given draft rate and the associated risk of
insufficient storage to meet this draft rate. The relationship
between inflow, storage and draw-off is complex. Significant
sources of error are associated with frequency analysis. Er-
ror in frequency analysis is due to fitting the type of extreme-
value distribution to low-flow series and uncertainties associ-
ated with assigning recurrence intervals for cumulative prob-
abilities to the events in series. Drainage basin stores are sur-
faces of significant quantities of water that may regulate the
rate at which input feeds through to the output. Channel stor-
age is the volume of water contained within banks of the river
that will operate as a water store between its initial input and
ultimate output (Griffiths and Clausen, 1997).

This study was conducted in the state of Selangor on the
western coast of Peninsular Malaysia to evaluate and investi-
gate the hydrological-drought characteristics using historical
streamflow data. High demand for water that can accommo-
date the daily water consumption of the population due to
rapid growth, as well as the lack of rain, has caused disrup-
tions of water supply in Selangor (Khalid, 2018; Kwan et al.,
2013; Ngang et al., 2017). Water shortages associated with
the El Niño–Southern Oscillation (ENSO) incident impacted
parts of Malaysia, including Selangor (Sanusi et al., 2015;
Zainal et al., 2017). Drought disasters have hit several re-
gions in Malaysia, especially in the Klang Valley, Selangor;
Penang; and several other places such as Kedah, Kelantan,
Sarawak and Sabah (Chan, 2012). The problems of water
shortage and drought in Malaysia were recorded as early as
1951, when it occurred for 29 months in the Langat River
basin (Chan, 2012). After that episode, the drought disaster
continued to hit Malaysia with the Klang Valley water cri-
sis in February–May 1998; the water shortage continued in
Hulu Langat, Selangor, in 2002 (Ithnin, 2014). This drought
has caused the water level in some water dams in Peninsular
Malaysia to reach critical levels, like what happened in the
1997–1998 drought episode (Lee et al., 2018). Consequently,
the characteristics of hydrological drought must be identified,
and the effects of hydrological drought must be quantitatively
evaluated. Studies conducted by Iqbal et al. (2016), Azadi et
al. (2018), and Tigkas et al. (2012) have highlighted the is-
sue of hydrological drought and its impact on agricultural,
socio-economic and streamflow in the watershed (Azadi et
al., 2018; Iqbal et al., 2016; Tigkas et al., 2012).

Nat. Hazards Earth Syst. Sci., 21, 1–19, 2021 https://doi.org/10.5194/nhess-21-1-2021



H. H. Hasan et al.: Assessment of probability distributions and the minimum storage draft rate 3

The hydrological drought was referred to as the most crit-
ical aspect of drought, with significantly reduced streamflow
and lower water storage in the river system (Hasan et al.,
2019). Because of this, the storage rate for each river should
be established to ensure the minimum storage for water sup-
ply requirement during low flow and drought in the coming
years sufficient to accommodate consumers’ water demand.
Some relevant research questions in the investigation of hy-
drological drought are:

1. Is there a decreasing pattern in the streamflow in the
Selangor region, and is the streamflow trend the same
throughout the year?

2. What is the likelihood of frequency of low-flow condi-
tions in the river system in the state of Selangor?

3. What is the minimum required storage draft rate based
on monthly time series?

4. How well does the threshold level method perform in
determining the hydrological-drought characteristics?

The primary purposes of this study are:

1. to arbitrate the trend analysis of streamflow for 40 years;

2. to determine the best-fitted distribution of probability
for each station for low-flow frequency analysis;

3. to determine the minimum storage draft rates in seven
catchments in the Selangor region in Malaysia;

4. and to evaluate the hydrological-drought characteristics,
including severity, duration and magnitude.

This study is essential to understand the concept of low-
flow drought characteristics and the predictive significance of
river storage draft rates in managing sustainable water catch-
ment. The findings are useful for designing strategies to sus-
tain the variability of flow and can be used to implement risk
management policies. Thus, this study consists of four types
of analyses, which are:

1. the analysis of daily streamflow trend for a 40-year time
series using the Mann–Kendall test, Sen’s slope test,
distribution-free test (CUSUM; cumulative sum control
chart) and Pettitt test;

2. a low-flow frequency analysis on annual minimum flow
using the best-fitting distributions;

3. the determination of minimum storage draft rates nec-
essary to ensure the sufficiency of water supply during
low-flow periods;

4. and an analysis of hydrological-drought characteristics
determined using a fixed drought threshold at the 90th
flow percentile.

2 Study area

The scope of this study covers the entire streamflow station
in the state of Selangor. Selangor covers an area of 8104 km2

and is located on Peninsular Malaysia’s western coast. Se-
langor’s water supply system not only covers the state of
Selangor but also supplies water to the Kuala Lumpur and
Putrajaya areas (Sakke et al., 2016a). The basins of the Lan-
gat, Klang and Selangor rivers are the main river basins in
Selangor. There are also three other river basins in Selan-
gor, which are the basins of the Buloh, Bernam and Tengi
rivers. Table 1 shows the locations and characteristics of all
streamflow gauging stations involved in this study. Langat
and Semenyih dams, located at the upper reaches of the Lan-
gat River (Elfithri et al., 2018), serve to regulate the raw wa-
ter supplied to treatment plants downstream. The main trib-
utaries of Selangor’s rivers are the Sembah, Kanching, Ker-
ling, Rawang and Tinggi rivers. There are two dams, namely
the Selangor and Tinggi dams, in the Selangor River basin.

The state of Selangor is characterized by its geographical
position, which lies near the equatorial climate that is warm
and humid all year (Lassen et al., 2004). The average annual
temperature varies between 27 and 30 ◦C, and the average
annual relative humidity is between 70 % and 90 % (Lee et
al., 2013). The equatorial climatic regions are influenced by
two monsoons: the southwest Indian monsoon and the north-
east Asian monsoon, which result in two rainy seasons with
a significant number of storms, resulting in a mean annual
rainfall of about 2500 mm (Mamun et al., 2010). Even though
Selangor is located in the humid region, it occasionally en-
counters drought periods. Dry spells, low rainfall and high
soil impermeability due to population growth are the leading
causes of low-flow events. A stream’s regime can display one
or more low-flow events depending on the climate. Two rainy
and two dry seasons represent the equatorial climate, and the
two streamflow regimes have two corresponding periods of
high flow and low flow. Figure 1 shows the seven streamflow
gauging stations involved in this study with four streamflow
gauging stations located at the Langat River basin at Dengkil,
Kajang, Semenyih and Lui. There is also streamflow gauging
station at Rantau Panjang for the Selangor River basin, Tan-
jung Malim and Jambatan Sekolah Kebangsaan Cina for the
Bernam River basin, respectively (Department of Irrigation
and Drainage Malaysia, 2011). The headwater of the Lan-
gat River basin starts from the northeast of the basin, flows
to the southwest and joins the Semenyih River. The Langat
and Semenyih dams, the Selangor and Tinggi dams, are lo-
cated at the upper reaches of the Langat River and Selangor
River basins, respectively, (Elfithri et al., 2018) to regulate
the quantities of streamflow to the treatment plants.
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Table 1. The characteristics of streamflow gauging stations in Selangor. WGS: World Geodetic System.

Station Station ID River name River Location coordinate (WGS) Area Affected by
no. basin (km2) reservoir

S01 2816441 Langat River at Dengkil Langat 02◦51′20′′ N 101◦40′55′′ E 1240 No
S02 2917401 Langat River at Kajang Langat 02◦59′40′′ N 101◦47′10′′ E 380 Yes
S03 2918401 Semenyih River at Kampung Rinching Langat 02◦54′55′′ N 101◦49′25′′ E 225 Yes
S04 3118445 Lui River at Kampung Lui Langat 03◦10′25′′ N 101◦52′20′′ E 68 No
S05 3414421 Selangor River at Rantau Panjang Selangor 03◦24′10′′ N 101◦26′35′′ E 1450 Yes
S06 3615412 Bernam River at Tanjung Malim Bernam 03◦40′45′′ N 101◦31′20′′ E 186 No
S07 3813411 Bernam River at Jambatan Sekolah Bernam 03◦48′15′′ N 101◦21′50′′ E 1090 No

Kebangsaan Cina

Figure 1. River basin and streamflow station in Selangor.

3 Methodology

Daily streamflow data were obtained from the Department of
Irrigation and Drainage of Malaysia, which covers approx-
imately 40 years (1978 to 2017) of records for all stream-
flow gauging stations. Precautions were taken to ensure rea-
sonable low-flow data were captured. The methodological
framework was developed for assessing the hydrological-
drought characteristics in the state of Selangor, Malaysia,
using low-flow and threshold indicators. The first analysis
in this study is to determine the daily streamflow trend for
40 years using the Mann–Kendall test; the slope of trend was
calculated using the Sen’s slope estimator; and the change
points are identified using the CUSUM and Pettitt test. Next,
the potential of a probability distribution that optimally fits
the 7 d mean annual minimum (MAM) in low-flow fre-
quency analysis was evaluated for determining different re-
turn periods. The 10-year return period was computed us-
ing the estimation of the minimum storage draft rate in the
river using a mass curve. Next, the threshold level was ob-

tained from the flow duration curve (FDC), and 90th per-
centiles were selected for drought analysis. Finally, the char-
acteristics of hydrological drought were analyzed, including
drought events, durations and drought deficits in seven wa-
tershed catchments. The summary of the whole methodology
analysis is depicted in Fig. 2. The following sections eluci-
date the specific components incorporated into the method-
ological framework.

3.1 Streamflow trend analysis

The mean annual streamflow was analyzed for significant
trends, and distribution changes are discussed. The trend
slope is measured using the Sen’s slope estimator, which pro-
duces the magnitude of change in trends. Finally, using the
CUSUM test, the change points were defined in the long-
term streamflow results, and the changes in streamflow be-
fore and after the change points were examined using the
Pettitt test. All analyses were conducted at seven stations to
recognize the spatial variability based on historical stream-
flow pattern change. The Mann–Kendall test and Sen’s slope
test are the most commonly used non-parametric trend anal-
ysis methods (Hisdal et al., 2001). The Mann–Kendall test
was chosen due to its capability of identifying the trend in a
time series, if there is any. In the streamflow time series data,
the trend was analyzed using the Mann–Kendall test to eval-
uate the significance of monotonic trends. For the test that
consists of a series of streamflow data over a time period, the
null hypothesis (H0) was tested, and the data originated from
a series of variables that are identically distributed and inde-
pendent. The data of H1, the alternative hypothesis, follow a
monotonic pattern over time. Under H0, the test statistics for
Mann–Kendall are given by Eq. (1):

S =
∑n−1

i=j

∑n

j=i+1
sgn(xj − xi), (1)

where xj and xi are the data values in years j and i, respec-
tively, and n is the total number of years. The probability
associated with S and the sample size n was determined to
measure the trend significance statistically. The normalized
test statistics Z are expressed as follows using Eq. (2):
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Figure 2. Summary of the methodological framework.

Z =


S−1

√
VAR(S)

(S > 0)
0 (S = 0)
S−1

√
VAR(S)

(S < 0)
. (2)

The null hypothesis of no trend is rejected if Z>2.575
at 99 % significance. In the test statistic, S calculates the
sum of the difference between data points and the associa-
tions between samples to show the presence or absence of
a trend. When the value of Z is positive, it gives a posi-
tive trend, and it gives a negative trend when Z is a negative
value. In this study, the level of significance of 0.05 or 95 %
(p value= 0.05) was used. If their p value was equal to or
less than 0.05 (p value≤ 0.05), the trend test is considered
significant, as shown by Eq. (3) (Coch and Mediero, 2016):

Trend=

 + (Z > 0)
0 (Z = 0)
− (Z < 0)

. (3)

Then, a linear trend analysis was also conducted, and the
trend magnitude was determined using the Sen’s slope
method. Sen’s slope is a non-parametric method for deter-
mining any trend’s slope. It utilizes data from a time series
that is similarly distributed. The difference in slope was cal-
culated per changed time for each data point. If a trend is
identified in a time series, the slope can be determined using
the slope estimator (β) in the Sen’s slope test. For the entire
dataset, the estimator β is the median of all slopes between
data points. A positive β indicates an increasing trend, and a
negative β indicates a decreasing trend as given by Eq. (4):

β =Median
yj − yi

xj − xi
, (4)

where n is the number of data and i and j are indices with
i = 1, 2, . . . (n− 1) and j = 2, 3, . . . , n. The changes in the

average annual streamflow were determined after the trend
slope had been verified, using the equation employed by
Petrow and Merz (2009) to calculate the amount of change
in the data series by Eq. (5):

1XR =
Xend−Xfirst

Xmean
, (5)

where 1XR is the amount of change observed in the data se-
ries, Xend is the last piece of the trend slope data, Xfirst is the
first piece of the trend slope data and Xmean is the mean of
all pieces of the slope. The distribution-free CUSUM test is a
cumulative total of time series deviations of target value and
is capable of detecting abnormal trends, is simple and pro-
duces a better graphical representation of results (Sonali and
Nagesh Kumar, 2013). Let us consider x samples, each of n
size with mean µ0 and standard deviation σ . Then, the cu-
mulative sum of deviation (Si) from the target value (mean)
was calculated using Eq. (6):

Si =
∑i

j=1
(xj −µ0), (6)

where xj is the mean of the j th sample. Finally, by consid-
ering a sequence of random variables x1, x2, . . . , xT which
may have a change point at N if xt for t = 1, 2, . . . , N has
a common distribution function F1(x), the Pettitt test index
(U ) is defined using Eq. (7) (Ahn and Palmer, 2016):

U =
∑T

i=1

∑n

j=T+1
sgn(xj − xi), (7)

where T is the change point, x is the target variable and
sgn(xj − xi) is defined as Eq. (8):

sgn(xj − xi)=

 +1,xj > xi
0,xj = xi
−1,xj < xi

. (8)
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The non-parametric statistic (Eq. 9) was applied in the eval-
uation of the change point at which time U has the highest
absolute value.

K =Maxt ≤T ≤i(U), (9)

where K is the final Pettitt statistic and T is the data point
at which the change occurs. The probability of significance
was approximated by p ≈ 2exp[−6K2(i3+ i2)]. When p is
smaller than the specified significance level (0.05), the null
hypothesis is rejected.

3.2 Low-flow frequency analysis

There are many types of frequency distribution functions that
have been applied successfully to hydrological data. Fre-
quency analysis is based on fitting the observed data with
a theoretical probability distribution function and providing
low-flow estimates for any given return period. The choice of
probability distribution is defined as the distribution of prob-
ability with the shape parameter. This selection is necessary
to evaluate the shape parameter as the parameter for skew-
ness. The frequency analysis starts with the calculation of the
annual 7 d minimum streamflow series for each gauge station
in order to determine the suitable probability distribution that
best fits the minimum 7 d low flow in Selangor. Then, four
probability distributions, including the gamma distribution,
Gumbel, lognormal 2P and Pearson type 3 distribution (PE3)
were evaluated to determine which distribution most appro-
priately fits the low-flow data. The Kolmogorov–Smirnov
(KS) test and ranking method were used to determine the
best-fitting distributions. After choosing the optimum prob-
ability distribution, it is important to estimate the values of
the variables for certain return periods. The return period of
low-flow occurrence is crucial for determining the magnitude
and frequency of low flow, and such information is useful in
minimizing and mitigating the risk of drought in the future.
Four scores ranging from 1 to 4 representing the ranking of
distributions in fitting the data were assigned to each station,
where a score of 1 indicated the best, while a score of 4 in-
dicated the worst. The summation of scores shows the suit-
ability of distribution such that the best distribution got the
lowest sum of scores. The selected regional probability dis-
tribution function was then used to calculate the annual 7 d
minimum discharge series with a 1-, 2.3-, 5-, 10-, 25-, 50-
and 100-year return period. The 7 d minimum with a 10-year
return period (7Q10) was used to derive the minimum stor-
age draft rate required for all stations (Sect. 3.3).

The probabilistic behavior was analyzed using four proba-
bility distribution functions (PDFs), widely used in extreme-
value analysis (Joshi and St.-Hilaire, 2013; Zaidman et
al., 2003). Then, probability distribution functions were fit-
ted with their parameters estimated using the method of
maximum-likelihood estimation (Assefa and Moges, 2018).
Goodness of fit was determined by the Kolmogorov–
Smirnov test. Here, a 95 % confidence level was accepted

to reject or accept a non-rejected hypothesis, based on the
D value. The graphical illustration of probability plot is de-
scribed as the ith-order statistic of the sample y(i) as a func-
tion of a plotting position, which is simply a measure of
the non-exceedance probability related to the ith-order statis-
tic from the assumed standardized distribution (Sharma and
Panu, 2015). The rth-order statistic was acquired by the way
of rating the observed sample from the smallest (i = 1) to the
greatest (i = n) value; then y(i) equals the ith largest value.
The plotting position of low flow P can be obtained using
the Weibull formula (Koteia et al., 2016). The probability se-
lection was made following the shape parameter. This is be-
cause it is possible to represent the shape parameter as the
parameter for skewness. For each distribution, Table 2 pro-
vides the functions of probability density. For this study, the
method of maximum likelihood was used for parameter es-
timation. Once the parameters were estimated, the selected
distributions will be tested for the assumption that the ob-
served data is actually from the fitted distribution of prob-
ability. The Kolmogorov–Smirnov (KS) test has been used
to determine the largest discrepancy between the theoreti-
cal (Fn(xi)) and empirical (F0(xi)) cumulative distribution
functions. The KS test obtains a D statistic; if D was higher
than the critical value (α = 0.05), the distribution was re-
jected. After the probability calculations P and subsequent
return periods of the low flow T , the low-flow rate variation
will be plotted against the return period, with T on the semi-
log graph. With this graph, the specific magnitude of a speci-
fied period can be determined (Erfen et al., 2015; Gottschalk
et al., 2013).

3.3 Method for minimum storage draft rate

The water supply or inflow is dependent on low-flow charac-
teristics in the stream. If the inflow rate is lower than the out-
flow (demand) rate, the cumulative difference between sup-
ply and demand volume is the maximum amount of water
drawn from storage during the dry season. In channel stor-
age, the function of both outflow and inflow discharge can be
considered under two categories as prism and wedge storage.
The water surface flow in the channel is not only unparallel to
channel bottom but also varies with time. The storage, which
is the maximum cumulative deficiency in any dry season, is
obtained from the maximum difference in the ordinate be-
tween the mass curve of water supply and demand. Thus, the
storage required can be expressed as per Eq. (10):

S =maximum of (6VD−6VS), (10)

where VD is the demand volume and VS is the supply volume.
The minimum storage draft rate was determined by us-

ing the mass curve of low flow at a monthly interval (Bhar-
ali, 2015). Although specific evaluation of storage require-
ments is essential for design, reconnaissance planning can
frequently be facilitated by using draft storage curves based
on low-flow frequency analysis. Alrayess et al. (2017) de-
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Table 2. Probability density function for gamma, Gumbel, lognormal 2P and Pearson type 3 distributions.

No. Distribution Probability density function References

1 Gamma f (x)=
β−αxα−1

0(α)
exp

(
−x
β

)
α>0, β>0, x>0, where α is the loca-
tion parameter and β is the scale param-
eter

Baran-Gurgul (2018)

2 Gumbel f (x)= exp
[
exp

(
x−β
α

)]
−∞<x<∞, −∞<β<∞, α>0, where
the α and β parameters are parameters
of scale and location

Zou et al. (2018)

3 Lognormal 2P f (x)= 1√
[x]2πβ2

e
−
(lnx−α)2

2β2

x>0, α>0, β>0

Win and Win (2014)

4 Pearson type 3
(PE3)

f (x)=
λβ (x−ε)β−1e−λ(x−ε)

0(β)
x ≥ ε

Bhatti et al. (2019)

termined the capacity of river storage by the mass curve
method. The mass curve has many useful applications in the
design of storage capacities, such as to determine the storage
capacity and flood routing (Gao et al., 2017).

The mass curve method can be used to define the storage
required for a given draft rate for a monthly record. This ap-
proach is limited to draft rates that can be sustained by the
streamflow available in any single month, that is, by within
a year of storage. The usefulness of this analysis depends on
the monthly variability of streamflow. In some regions, the
maximum draft that can be provided is less than a tenth of
the mean flow. In others, notably in Selangor, drafts of half
of the mean flow can be provided within a year of storage.
The estimation of the storage draft rate in this study will de-
termine the minimum storage of a river to sustain the water
supply during low flows and droughts. The mass curve of
the monthly low-flow rate is used in this analysis to obtain
the minimum storage rate of the river. The procedure for the
mass curve method has the following steps; first, the mass
curve analysis of low flow for the duration of January to De-
cember was plotted against the duration for the recurrence
interval of 10 years from the 10-year return period in Ta-
ble 7. Second, the cumulative draw-off that corresponds to a
constant draft rate of 50 % of the mean annual flow and was
connected by a straight line. Third, the cumulative draft line
was superimposed on the mass curve; fourth, the largest in-
tercept between the cumulative draft line and the mass curve
was measured. The maximum positive difference between
cumulative draw-off and low flow is the minimum storage
necessary to maintain a draft rate of 50 % of the mean annual
streamflow. The example of minimum storage required in the
river for station S05 using mass curve analysis was shown in
Fig. 3.

3.4 Threshold analysis

An approach based on deficit characteristics under a given
threshold method was adopted to identify extreme low-flow
occurrences (Fleig et al., 2006). The low-flow period, which
depends on the catchment’s hydrological regime, is defined
by a fixed threshold level. The selection of the threshold
level is influenced by the study, region and available data.
The threshold level method can easily obtain the start and
the end times of a drought or streamflow deficit period and
has been used to define streamflow droughts or deficits. The
fixed threshold level in this study is the 90th percentile value
(Q90) of FDC, which was compiled using all the available
daily streamflow and identified as perennial rivers with river
flow having continuous flow. The flow duration curve (FDC)
describes the ratio of a specified percentage of time with dis-
charge being equal to or surpassed over a historical period
for a particular river basin (Croker et al., 2003; Mohamoud,
2008; Vogel and Fennessey, 1994), which reflects the rela-
tionship between streamflow magnitude and the length of
time that relates to the average percentage of time of a spe-
cific flow that had exceeded (Sung and Chung, 2014). The
FDC was developed by arranging streamflow values in de-
creasing magnitude order and assigning rank numbers to
each streamflow value. The most substantial flow was ranked
as one, and the smallest flow was ranked as n, where n is the
complete record quantity. The percentage of time for a given
flow was equalled or exceeded (probability of excess) when
calculated using the relationship in Eq. (11) (Awass, 2009;
Koteia et al., 2016; Yahiaoui, 2019):

P = [r/(n+ 1)]× 100, (11)

where P is the percentage of time a given flow is equalled
or exceeded, n is the total number of records and r is
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Figure 3. Minimum storage required using mass curve analysis.

the rank of the flow magnitude. Kannan et al. (2018) in-
dicated the flow duration curve that could be divided into
five zones, representing high flows (0 %–10 %), humid con-
ditions (10 %–40 %), medium-range flows (40 %–60 %), dry
conditions (60 %–90 %) and low flows (90 %–100 %). The
selection of percentile will strongly condition the classifica-
tion and evaluation of extreme low-flow events. The magni-
tude of drought characteristics was determined by the thresh-
old value and the difference in value between the time se-
ries. When compared to the use of standardized drought in-
dices, a major benefit of this approach is that it allows the
deficit volume to be quantified, which is a critical aspect
in the management of water supplies. When the flow falls
below the threshold level, a drought event begins; it termi-
nates when the flow exceeds the threshold level. The dura-
tion; total deficit, which is the sum of the deficits; and mag-
nitude of each drought event can be readily obtained. As the
daily data series was used, the existence of minor drought
events and mutually dependable drought events can be de-
tected (Van Loon and Van Lanen, 2013). In order to deal
with this problem, pooling procedures such as moving aver-
age, inter-event time criterion and inter-event time, and vol-
ume criterion were frequently used (Sung and Chung, 2014).
According to the study by Sakke et al. (2016a), to eliminate
the minor drought events, the events that have occurred for
less than 15 d will be excluded, while the mutually depen-
dent events were also eliminated using the pooling procedure
(Sakke et al., 2016b). In this paper, the 15 d of inter-event
time and 7 d moving average was applied as a pooling pro-
cedure to obtain smooth data. Through these methods, the
mutually dependent drought events will combined into indi-
vidual and independent drought events (Fleig et al., 2006).
The minor drought events will be eliminated or combined
with individual drought events automatically (Yahiaoui et al.,
2009).

4 Results and discussion

The streamflow data from the seven streamflow gauging sta-
tions will be analyzed in three aspects, which are mean an-
nual low flow and the probability of occurrence, drought
characteristics using the threshold level, and the estimation
of the storage draft rate of the river. Statistical characteristics
were calculated from the observed 40-year daily streamflow
time series: the mean, minimum and maximum; standard de-
viation; skewness; and kurtosis for each station (Table 3).

4.1 Streamflow trend analysis

Annual streamflow series trend analysis presents the over-
all view of the shift in systems of streamflow (Assefa and
Moges, 2018). The Mann–Kendall test, Sen’s slope, rel-
ative change within 40 years, maximum cumulative sum
(CUSUM) with the year of change point and their value of
p using the Pettitt test are displayed in Table 4. In the trend
significance test, the significance level of α = 0.05 was set
as the standard, making Zα/2 = 1.96. The analysis indicated
that five selected stations (S01, S02, S04, S05 and S07) have
increasing trends of streamflow. Two of the stations, S03 and
S06, showed a decreasing trend with the negative change of
streamflow. The estimation of the trend slope was carried
out using the Sen’s slope estimator, where an upward (down-
ward) streamflow trend is indicated by a trend slope greater
(less) than zero. In order to compute the trends of annual
streamflow, the trend slope values were also used to construct
a trend line. Using Eq. (5), the amount of change in annual
streamflow was determined. The analysis results indicate that
the amount of change in the basin of station S04 was higher
than that at other stations (Table 4). The two gauging stations,
which are S03 and S06, had significantly greater changes that
showed a downward decreasing trend of −20 % and −55 %,
respectively. Streamflow trends indicate variability from one
station to another, in terms of magnitude and trend direction.
In the S03 and S06 stations, there could be several factors for
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Table 3. The statistical analysis for time series of streamflow (1978–2017).

Station Mean flow Minimum Maximum Standard Skewness Kurtosis
no. (m3 s−1) flow (m3 s−1) flow (m3 s−1) deviation

S01 34.32 1.00 552.62 31.326 4.027 35.819
S02 10.23 0.30 153.87 9.595 4.197 32.222
S03 5.17 0.15 32.41 3.730 2.296 8.996
S04 2.07 0.12 11.93 1.426 1.967 5.726
S05 55.12 3.17 272.59 35.083 1.558 3.163
S06 8.86 0.14 52.51 5.851 1.491 3.716
S07 47.57 8.57 244.75 28.845 1.427 2.744

decreasing streamflow. Some of this involves modifications
in the catchment of physical characteristics such as changes
in land cover in river basins (Hisdal et al., 2001). Another five
stations indicated an increase in trends of streamflow due to
climate change for the increasing temperature and soil water
evaporation (Siwar et al., 2013; Taye et al., 2011).

The accuracy of the results of data analysis is of crucial im-
portance in the trend analysis studies, especially on the dis-
charges of any stream. The majority of station trends on the
main and secondary branches of the basin reflected good con-
sistency in this analysis. Two main rivers, however, demon-
strate a paradox, although one station shows a declining trend
and the other station shows an increasing trend. Due to the
location of the stations, dam construction, linking of another
stream to the channel, irrigation and other disruptions in the
discharge regime of the river, this condition is foreseeable.
Stations S01, S02, S03 and S04 are located on the same
stream, but the trends at station S04 are not in the same di-
rection. Stations S01, S02 and S03 have a significantly in-
creasing trend, while station S04 shows no significant down-
ward streamflow trend, caused by the disruption in the river
regime, such as the construction of the Langat dam, which
may cause this contrast (Memarian et al., 2012).

The results of the change point in annual streamflow are
tabulated in Table 4 using the Pettitt test. For each time se-
quence, the result gave the most likely change point event.
For the annual streamflow, the results showed that 1997 was
the most probable year of change with a p value of 0.0004.
Some stations show signs of a change point at a significance
level of 5 %, while the others do not. The prediction of pro-
cess changes and trend generation is well indicated using
CUSUM charts. This analysis shows a change point that can
be seen in the year of 1996, with a confidence interval set-
ting of 95 % and the p value of 0.1215 for station S01. The
change point occurred in 2005 twice for stations S05 and S07
in the state of Selangor. The major changes in the annual
streamflow observed revealed that the presence of rapidly in-
creasing industrial activities in the basin due to a shift in the
land use is caused by the result of the streamflow trend in the
basin. The latest change points occurred in 2009 at Bernam
River (S06) with a new implementation of several projects

by the state government such as the construction of a feeder
canal for agricultural and repair of the collapsed stretch of
the riverbank that caused the widening of the river channel.

For the mean annual streamflow at the gauging stations,
five stations indicated an upward trend, and two stations in-
dicated a downward trend in the 40 years of data. The in-
terpretations of trend analysis for relatively partial stream-
flow records may only reflect a short-term condition and may
not be a representative of an actual long-term change in the
streamflow data. This issue is valid for relatively short-term
records that begin or end in a historically low-flow condi-
tion. From the average annual streamflow results, the change
point is seen to be present at a 100 % confidence interval in
1996–1997 and 2005–2007 and implies that there is an im-
pact of rapidly increasing industrial activities in the basin as
well as a change in the pattern of land use induced by the ef-
fect of streamflow patterns in the basin which is supported by
research according to Abdullah and Nakagoshi (2006). This
study is very useful in interpreting climate change scenar-
ios and is focused on the revealed characteristics of regional-
level hydrological variables.

The anthropogenic effect is shown by transformations of
water surface such as the construction of reservoirs, a trans-
basin diversion project, crop irrigation, urban water supply
or drainage, and urbanization. There are three strategic dams
in the study area. Those are the Langat dam in S02, the Se-
menyih dam in S03 and the Selangor River dam in S05. All
the dams are functional for domestic and industrial freshwa-
ter supply. Whereas, the Langat dam is only used as a power
supply generator for Langat Valley consumption. A study
by Shaaban and Low (2003) showed that drought events re-
duced water discharge at the Langat and Semenyih basin,
particularly in the period of 1993–1998 (Shaaban and Low,
2003). This event justified the change point from this analy-
sis. These drought events have decreased the trend of water
discharge in the Semenyih basin. Due to the increasing size
of natural or artificial dams, the reduction of streamflow trend
was regulated at the Langat River basin as compared to the
Semenyih basin.

Streamflow variability due to potential human interven-
tion or climate change is important for regional water supply
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Table 4. Trend analysis for time series period.

Station Record Mann–Kendall Sen’s slope Relative Maximum Change Value
length change within cumulative point of p

the record (%) sum (year) (Pettitt test)

(CUSUM)

S01 1978–2017 0.03 0.30 36.51 6 1996 0.1215
S02 1978–2017 0.00 0.15 21.80 14 1997 0.0004
S03 1978–2017 −0.46 −0.02 −20.00 8 2006 0.1295
S04 1978–2017 0.03 0.02 43.47 8 2007 0.0845
S05 1978–2017 0.62 0.06 12.05 4 2005 0.4469
S06 1978–2017 −0.35 −0.06 −55.56 8 2009 0.0086
S07 1978–2017 0.14 0.20 39.22 8 2005 0.2286

Note that for the Mann–Kendall test and Sen’s slope, the positive values mean increasing trends and negative ones mean decreasing trends.

planning and management. Knowledge of streamflow vari-
ability and its trend is crucial for the socio-economic sector
because any changing in streamflow is a limiting factor for
the use of water resources. The streamflow decreasing trend
could result in important economic losses and affect health
and human welfare, as well as the aquatic ecosystems. One
of the influential aims of the time series trend is to define the
nature characteristic represented by the sequence of observa-
tions and predicted future values of the time series variable.
The analysis of the observed data for changes and trends of
streamflow data can be used to assess the impact of climate
change. The streamflow trend can estimate future water avail-
ability to maintain and sustain ecosystem functions. More-
over, streamflow trend analysis can also be used to predict
any change in river flows for making water withdrawal deci-
sions, which indirectly could improve drought management
response.

4.2 Low-flow frequency analysis

Frequency analysis has focused on fitting a theoretical proba-
bility distribution function to the observed data and provides
low-flow estimates for any given return period. For each sta-
tion, annual minimum streamflow was plotted using all the
distributions. The goodness of fit was performed using the
Kolmogorov–Smirnov test. All the PDFs were ranked for
streamflow at each station. Ranks, according to these three
goodness-of-fit metrics, showed a significant variation. In the
case of annual minimum streamflow, various distributions
were found to be the best fit for different stations, namely,
gamma, Gumbel, lognormal 2P and Pearson type 3. Fig-
ure 4 shows the example probability of mean annual min-
imum flow for station S01. The estimated parameters were
determined and shown in Table 5. The information on the
return period of extreme events can be used in determining
the risk management by extreme events such as hydrologi-
cal drought, while the geographical station location and the
surrounding environmental factors determine the variation of

Figure 4. Probability of mean annual minimum flow for station S01.

streamflow. Table 6 shows the best-fit results of the KS test
and p-value results with their ranking.

The purpose of the probability distribution fitting is to rep-
resent the low-flow probability most accurately. Among all
stations, it was found that among all distributions, the log-
normal 2P yielded the most cases of best-fit distributions,
while the Gumbel and gamma results yielded the second and
third most cases of best fits, respectively. Comparatively, it
is proposed that lognormal 2P distributions predict low-flow
discharges for all the rivers under analysis, which can be
used in water quality and quantity management at gauged
and ungauged areas. From this comparison, although a three-
parameter metric in the probability distribution functions are
more advantageous, the 7 d low-flow sequences fit better.
However, in the Selangor region, a two-parameter metric is
more suitable, which optimally fits a 7 d mean annual mini-
mum flow verified in the studies of Granemann et al. (2018)
and da Silva Lelis et al. (2020). When the best-fit probability
distribution of the low-flow series of the 7 d has been deter-
mined, the low-flow discharge of the 7 d can be estimated ac-
cording to any given return period. It should be noted that
the research is station dependent in this analysis. Table 7
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Table 5. Estimated parameters for the gamma, Gumbel, lognormal 2P and Pearson type 3 distributions.

Distribution Parameters

S01 S02 S03 S04 S05 S06 S07

Gamma α = 4.24
β = 1.78

α = 1.92
β = 1.53

α = 4.08
β = 0.55

α = 3.20
β = 0.24

α = 8.13
β = 2.52

α = 1.83
β = 2.10

α = 9.69
β = 1.60

Gumbel σ = 5.92
µ= 2.89

σ = 1.92
µ= 1.64

σ = 1.78
µ= 0.87

σ = 0.57
µ= 0.33

σ = 17.17
µ= 5.94

σ = 2.55
µ= 1.68

σ = 13.42
µ = 5.47

Lognormal 2P σ = 8.09
µ= 4.81

σ = 3.10
µ= 2.21

σ = 2.45
µ= 1.63

σ = 0.75
µ= 0.42

σ = 20.65
µ= 7.49

σ = 3.70
µ= 2.79

σ = 16.46
µ= 6.92

Pearson type 3 α = 1.07
β = 5.00

α = 2.46
β = 5.00

α = 2.87
β = 5.00

α = 7.78
β = 5.00

α = 0.60
β = 5.00

α = 2.00
β = 5.00

α = 0.63
β = 5.00

Table 6. The values of the Kolmogorov–Smirnov (KS) test.

Station Distribution KS test
statistics

pvalue Rank

S01 Gamma
Gumbel
Lognormal 2P
Pearson type 3

0.09
0.09
0.08
0.23

0.9110
0.8581
0.9626
0.0204

2
3
1
4

S02 Gamma
Gumbel
Lognormal 2P
Pearson type 3

0.09
0.10
0.09
0.07

0.9074
0.8241
0.8823
0.9796

2
4
3
1

S03 Gamma
Gumbel
Lognormal 2P
Pearson type 3

0.09
0.09
0.10
0.12

0.8810
0.8984
0.8275
0.5866

2
1
3
4

S04 Gamma
Gumbel
Lognormal 2P
Pearson type 3

0.10
0.11
0.09
0.19

0.8181
0.7430
0.9004
0.0989

2
3
1
4

S05 Gamma
Gumbel
Lognormal 2P
Pearson type 3

0.08
0.09
0.09
0.35

0.9401
0.8956
0.9062
0.0001

1
3
2
4

S06 Gamma
Gumbel
Lognormal 2P
Pearson type 3

0.12
0.07
0.10
0.11

0.6354
0.9905
0.8296
0.7418

4
1
2
3

S07 Gamma
Gumbel
Lognormal 2P
Pearson type 3

0.10
0.09
0.08
0.36

0.8406
0.8990
0.9608
0.0001

3
2
1
4
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Figure 5. Boxplot of low flow per watershed catchment area.

shows the return period of low flow at all streamflow stations.
The 7 d mean annual minimum for the recurrence interval of
10 years (Table 7) was used in the determination of minimum
storage draft rate for each station.

A catchment with a slow or quick response to rainfall in-
tensity that usually has prolonged or rapid recession actions
depends entirely on the catchment’s physical characteristics.
Low flow in catchments that respond quickly is lower than
in those that respond slowly. Low flow in catchments that
respond slowly is more persistent than in catchments that
respond quickly. These differences demonstrate the signifi-
cant effect of hydrological processes and storages to the low-
flow events. Figure 5 displays the low-flow relationship with
the watershed area represented by the boxplot graph. The
largest range for low flow per area is in S06, while the small-
est range is in S01. The boxplot graph provides information
about the shape of a dataset. S01, S02 and S04 are skewed
right; S03, S05 and S06 are symmetrically shaped data; and
S07 is skewed left. From the discussions above, it is clear
that the natural elements that affect a variety of factors of the
river’s low-flow regime consist of distribution and hydraulic
components, climate and topography.

4.3 Estimation of the minimum storage draft rate

This study focused on the minimum surface water storage
required based on the records from the hydrological stations
in the state of Selangor for the 1978 to 2017 period. Hydro-
logical drought is a recurring phenomenon of water short-
age that incorporates the storage of surface and subsurface
water under the effects of climate change and human activ-
ity (Schwalm et al., 2017). The water storage required for
all stations is based on their respective monthly streamflow
discharge. A graph of the cumulative streamflow draft rate
versus a specific historical timeline is plotted to find out the
storage required for each station. Figure 6 shows the mass
curve analysis for the determination of the minimum stor-
age draft rate of each station that needs to be maintained at a
draft rate of 50 % of the mean annual flow during low flows
to sustain the water supply.

Figure 6. Minimum storage draft rate with a cumulative 50 % mean
flow at (a) S01, (b) S02, (c) S03, (d) S04, (e) S05, (f) S06 and (g)
S07.

The minimum storage required for maintaining a draft
rate required for S01 is 21.51 m3 s−1 in October; S02
is 13.37 m3 s−1 in December; and S03 is 4.79 m3 s−1

in December. The minimum storage required for S04 is
2.32 m3 s−1 in October for a 40-year duration period, and
S05 is 15.00 m3 s−1 in September. The minimum storage re-
quired to maintain the draft rate for S06 is 10.90 m3 s−1 in
October, and lastly, for S07 it is 6.17 m3 s−1 in September.
The result shows that the water storage for all stations did not
meet the corresponding water required, while stations S05
and S07 correspond to the required expectation for August to
October. This result reveals that the period of September to
December is a critical duration in river water storage to sus-
tain the water availability during low flow in a 10-year oc-
currence interval. This finding is justified by the state of Se-
langor located on the western coast of Peninsular Malaysia
which is affected by two main monsoon seasons and two
inter-monsoon seasons with October and January being rela-
tively dry months (Hazir et al., 2020). However, there is not
enough water storage starting September for stations S05 and
S07.

Low-flow and surface water storage assessment is a crit-
ical issue for understanding the global water cycle, which
is recognized to be of significant importance on a regional
and global scale for the monitoring of water resources. Cor-
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Table 7. The return period of low flow at all streamflow stations.

Station no. Low flow at return period (m3 s−1)

1-year 2.3-year 5-year 10-year 25-year 50-year 100-year

S01 21.42 18.19 15.27 12.63 9.13 6.49 3.85
S02 10.60 8.83 7.24 5.80 3.89 2.44 1.00
S03 6.44 5.45 4.55 3.73 2.66 1.84 1.02
S04 2.25 1.90 1.58 1.29 0.91 0.62 0.34
S05 48.40 41.54 35.35 29.72 22.29 16.67 11.05
S06 13.09 10.91 8.93 7.14 4.78 2.98 1.19
S07 34.56 30.14 26.15 22.53 17.74 14.12 10.49

Note that the 10-year low-flow return period will be used in the determination of the minimum storage draft rate.

respondingly, this analysis provides important scientific data
on the minimum storage required for river systems. Sufficient
water storage during critical dry periods is largely dependent
on the adequacy and efficiency of water supplies from sur-
face water resources. This surface water storage faces many
challenges which could lead to a decrease in their optimum
yields and eventually result in inadequate supply of water
over the next 10 years. This could be due to reasons such as
increasing water demand due to increasing population and
industry needs and emerging demands for recreation and the
conservation of the quality of stream water, biodiversity and
aquatic ecosystems.

4.4 Hydrological-drought characteristic analysis

The threshold level value per the Q percentile obtained from
the flow duration curve is shown in Table 8. In this study, only
Q90 was used as a threshold level in the determination of
drought events. The percentage is shown where the stream-
flow rate was below the average level, and the respective days
were recorded to show the severity of droughts events at each
station. The growing perception of hydrological-drought im-
provement on a global scale has some necessary implications
for water management. It is recognized, for example, that the
duration and the volume of the deficit of the drought are as-
sociated (Fleig et al., 2006). Figures 7 to 10 show the drought
characteristics below the threshold level (Q90), with the mi-
nor drought for each station in the Selangor region removed.

Station S01 has 39 episodes of drought events in 40 years.
This station also recorded 1593 d of drought, with a total
deficit of 10 299.97 m3 s−1. The lowest deficit was recorded
in 1994 at 41.53 m3 s−1, while the highest deficit was
recorded in 1986 at 666.58 m3 s−1. The average amount of
water deficit was 264.10 m3 s−1. This river has been affected
by water rationing that happened in Selangor in early 2014
for 3 to 4 months. The most prolonged period of an individual
drought was recorded in 2014 at 112 d from 5 March to 24
June. The shortest period of a single drought was 15 d, which
was marked three times in 2004 and 2005. Station S02 was
a part of the Langat River basin and has had 29 episodes of

Figure 7. Number of drought events.

Figure 8. Length of drought duration (days).

drought events in 40 years. The total duration of the drought
events was recorded to be 1261 d from the 14 610 d of total
observation, which was only 8.63 % of the entire record pe-
riod and was below the threshold level Q90= 2.99 m3 s−1.
The overall deficit for this station was 2340 m3 s−1, with an
average of 80.70 m3 s−1. The lowest deficit was in 1993 at
34.44 m3 s−1, while the highest deficit was recorded in 1986
with 179.73 m3 s−1. The overall total deficit was 1.57 % of
the total water flow.
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Figure 9. Drought deficit for all stations.

The threshold level of S03 was 1.47 m3 s−1 at an average
level with 12 episodes of drought events. The total num-
ber of the occurrence of drought was 1577 d, which was
10.79 % of the overall record of observation. S03 has the low-
est recorded value of the total number and series of drought
events among all stations. However, S03 also recorded a long
period of drought for individual events. The longest single
drought took place in 1998, with 241 d commencing on 24
February and ending on 22 October. S03 also recorded the
lowest deficit amount amongst all stations with 1660 m3 s−1

during the period of drought. This total was 2.2 % of the to-
tal water flow through this station, which was 75 562 m3 s−1.
The highest deficit was recorded in 1998 with a total of
226 m3 s−1 over 241 d. The lowest deficit was recorded in
the dry season in 1997, with only 21.57 m3 s−1 within 20 d.
Station S04 has 28 episodes of drought occurring in 40 years
of records. The most prolonged period of an individual and
annual drought was recorded in 2004 as 306 d. The short-
est period was 15 d in 1999. The number of drought events
exceeding the number of years of drought was due to re-
peated events occurring 18 times with a maximum of four
replications in 1 year. The total number of days of the oc-
currence of this drought was 1460 d, which is 9.99 % of the
total daily flow data. The overall deficit of 28 drought events
was 673.54 m3 s−1. The lowest total deficit was recorded in
1983 at as much as 7 m3 s−1, while the highest deficit was
recorded in 2004 with 131.27 m3 s−1. The average amount
of total deficit was 24.06 m3 s−1.

Station S05 has been categorized as the most critical sta-
tion with the highest number of days of droughts events.
The longest annual drought event was recorded in 1998 with
217 d, and for individual drought events, this occurred in
1999 with a period of 111 d. Using the threshold level at
Q90 = 21.52 m3 s−1, 1236 d (10 % of the total) are below
the threshold level categorized as drought. Repeated drought
events were recorded in 1978, 1979, 1986, 1987, 1990, 1998,
2000 and 2002. The drought episode was seen most repeti-
tive in 1998 with four repetitions a year. The total magnitude

deficit of the entire river water stream during the occurrence
is 18 695.45 m3 s−1. The value of the minimum storage rate
at 67.36 m3 s−1 exceeds the amount of the low-flow rate at
35.61 m3 s−1 that will occur at a return period of 50 years.
Station S06 shows the drought episodes that were seen in
succession from 2011 to 2017, and 2016 recorded the high-
est drought events with four replay events. The year 2014
recorded the most extended individual drought episode of
177 d, and the longest annual drought came in 2013 with
372 d. S06 recorded a total deficit of 3847 m3 s−1. The year
2012 recorded the highest deficit of 496.13 m3 s−1, while
1989 recorded the lowest deficit with only 54.19 m3 s−1.
The average deficit was 113.16 m3 s−1, with 34 episodes of
drought event in 40 years.

S07 had the highest drought events with the number of
years of drought recorded as 39 years with repeated drought
events in 1978, 1983, 1985, 1987, 1990, 1991, 1992, 1998,
1999, 2001, 2002, 2005 and 2016. The most prolonged
drought period was recorded in 2005 with a period of only
99 d, while the shortest periods in 1971, 1987, 2000 and 2016
lasted a period of 15 d. The most prolonged period of indi-
vidual drought events with 205 d occurred in the same year
in 2005. The total drought days at this station was 1614 d,
which was 11.05 % of the total days. S07 recorded a deficit
of 21 740 m3 s−1 during the drought episode, and this per-
centage is the highest percentage recorded as compared to
other streamflow stations. This stream recorded a high deficit
amount with fewer drought days. The highest deficit reached
was 1445 m3 s−1, which was recorded in the drought events
in 1990, while the lowest deficit was in 1983 with a total
of 161.32 m3 s−1. From the results, S01 exhibits the high-
est number of drought events, at 39 episodes, with the mean
deficit being 264.10 m3 s−1. This station is located down-
stream of the Langat basin. It indicates the downstream wa-
tershed catchment has more drought episodes compared to
the upstream catchment. Magnitudes differ significantly be-
tween catchments, since there were also varied specific hy-
drological characteristics, such as station spatial distribution,
precipitation and temperature magnitudes, and frequency of
extreme events like drought.

Several indices could be used to provide a more accurate
representation of hydrological drought. Which indices one
chooses to use is going to affect the result directly. It is im-
portant to note that the Q90 threshold merely identifies that
low flows accounted for catchments’ regular flow, especially
in this study area. Therefore, theQ90 threshold does not nec-
essarily imply a situation where functions in nature are af-
fected. The threshold level can reflect a specific requirement,
such as for water supply or minimum environmental flow,
or a normal low-flow condition of the river can be repre-
sented. For a bigger picture and understanding of the broad
spectrum of hydrological drought, more indices need to be
put together in an index. Different methods will allow dif-
ferent characteristics of hydrological droughts. The thresh-
old level method should be used for more detailed deficits
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Figure 10. Time series of the annual maximum deficit (m3 s−1).

and in-depth study. Complex indices would be most use-
ful to verify results in regional studies. While streamflow
changes are mainly influenced by rainfall variability, the oc-
currence of low-flow conditions is also likely to be a func-
tion of catchment response, influenced by catchment storage.
There can be a significant variance in the frequency, severity
and duration of streamflow depletion between surrounding
catchments as a drought develops and subsequently decays.
In catchments with low storage, streamflow levels typically
drop more rapidly than in catchments that receive a consis-
tent flow from stored sources. However, catchments depen-
dent on stored water are becoming increasingly vulnerable
in a prolonged or multiyear drought as depletion in ground-
water storage begins to affect baseflow levels. Thus, even af-
ter rainfall has returned to normal levels, flows in permeable
catchments may still be affected.

Selangor’s river flow trend reflects the rainfall pattern, and
there is a prompt response to rainfall in general, although the
response rate varies from one catchment to another. Some
catchments, with little or insignificant storage, have a very
rapid response to rainfall and are known as flashy catch-
ments. The rate of increment in runoff resulting from rainfall
in other catchments may not be as extreme as water goes into
storage and then contributes to the flow of rivers from stor-
age. The state of Selangor enjoys a tropical rainforest climate
with two major monsoon seasons and two inter-monsoon
seasons. Due to this, heavy rainfall typically occurs in the
form of convective rains, and the state is generally wetter
than other parts of Peninsular Malaysia. Drought in Selangor
is therefore not a very frequent event. However, it is impor-
tant not to forget that droughts events occurred in the past:
1986, 1994, 1997, 1998, 2003 and 2004 for all stations. This
pattern justified the El Niño events that largely influence the
climate variability over Malaysia, especially the state of Se-
langor (Tangang et al., 2012). This situation can be seen with

the drought period being very closely related to the amount
of deficit that occurs. Drought is seen as very severe when
it occurs over a long period, and the amount of water deficit
experienced is a high.

5 Conclusions

This study determined the streamflow trend analysis on seven
stations in the state of Selangor, Malaysia, to quantify the
trends over 40 years of record data. The result shows that
two stations experienced significant decreasing trends, with
55.56 % of relative change within the 40 years. From the
mean annual streamflow data, it is seen that the change point
is present in 1996–1997 and 2005–2007 at a 100 % confi-
dence interval. This implies that there is an influence of fast-
growing industrial activities in the basin, and there is also a
change in the land use pattern, which is caused by the effect
of streamflow trends in the basin. This finding has impor-
tant implications for water resource management, which will
affect future developments in Selangor. The impact of the se-
rial and spatial correlation on the trends needs to be investi-
gated. Further study in streamflow trends needs to be carried
out, such as the prediction or modeling in the forecasting of
streamflow trends.

Low-flow analysis is an essential and widely studied de-
sign and management strategy for hydrology and water re-
sources. Varying and complex natural processes may produce
low flows in a river on a catchment scale. The second aim of
this work was to determine the characteristics of low flow by
using frequency analysis. In order to determine the suitable
probability distribution that optimally fits the minimum 7 d
low-flow values, first, the 7 d mean annual minimum stream-
flow series for each gauge was computed. Then, four proba-
bility distributions, including the gamma distribution, Gum-
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bel, lognormal 2P and Pearson type 3 distribution (PE3) were
evaluated to determine the distribution that most appropri-
ately fits the low-flow data. The Kolmogorov–Smirnov (KS)
test and ranking method were used to determine the best-
fitting distributions. Based on the result, a lognormal 2P dis-
tribution provided a good fit to annual minimum flow data at
each station. After the suitable probability distribution was
selected, the return values for certain return periods were es-
timated. The return period of low-flow occurrence is crucial
for determining the magnitude and frequency of low flow,
and such information is valuable in accessing and mitigat-
ing the drought hazard in the future. Their parameters define
distributions of probability; hence, to better understand the
theoretical probability distribution method, it is necessary to
fully understand the principles underlying parameter estima-
tion for established theoretical frequency distributions. From
the result, the range indicated that the low flow of rivers in
Selangor was between 0.75 and 19.47 m3 s−1. The 7 d mean
annual minimum for the recurrence interval of 10 years was
used in the determination of the minimum storage draft rate
for each station.

The draft rate of low flow at the recurrence interval of
10 years from low-flow frequency analysis using lognormal
2P was used to ensure the minimum storage draft rate re-
quired to sustain the water demand during low-flow periods.
The restructuring of the minimum storage draft rate must be
carried out by hydrologist at a particular return period to en-
sure the streamflow gauging station has enough water to be
supplied to the user during the low-flow and drought periods.
Based on the analysis of the study, the estimated minimum
storage draft rates for each station cannot meet the water de-
mand during low flow at specific return periods, which is a
10-year recurrence interval for this research. This result re-
veals that September to December is a critical period in river
water storage to sustain the water availability during low flow
in a 10-year occurrence interval. The storage of river water
faces several problems that may lead to a decrease in its sus-
tainable yields and even to an inadequate supply of freshwa-
ter over the next 10 years.

Hydrological drought is a phenomenon of water shortage
when the water supply is below the average level. This study
developed a sound principle using threshold level methods
to describe the characteristics of streamflow droughts. How-
ever, the threshold selection should be further analyzed be-
cause it is not clear if Q90 should be used as a representative
threshold for rivers in a tropical climate. From this study, we
can make the following conclusions:

1. The threshold level using the Q percentile based on the
flow duration curve was used as an average level to sep-
arate the occurrence of drought events or otherwise. The
number of days and duration of droughts for a station
can show the severity of the drought that occurs.

2. The drought characteristics were analyzed from time
series below a threshold level (Q90) by removing the

minor drought. The magnitude and duration of drought
characteristics were determined by the value difference
between the time series and the threshold level value.

3. The highest drought events are 39 episodes with a mean
volume of the deficit being 557.46 m3 s−1, while the
lowest events of drought were 10 episodes with the
mean volume of the deficit being 127.71 m3 s−1.

4. Drought in Selangor is therefore not a very frequent
event. However, several notable droughts occurred in
Selangor in the years of 1986, 1994, 1997, 1998, 2003
and 2004 for all stations.

This research is essential to water resource management.
Low-flow analysis and water availability enable water re-
source management to make more realistic decisions on wa-
ter restrictions and provisions for cities and populations. Un-
derstanding the concept of low flow and the predictive sig-
nificance of the river minimum storage draft rate required
can also help in managing a sustainable water catchment.
This study also helps in emphasizing the natural flow of wa-
ter to provide water supply for continuous use during low
flow. Additionally, through this research, the concept of low-
flow analysis, hydrological drought using a threshold level
and the predictive significance of the minimum storage draft
rate can be developed to produce more efficient water re-
source management systems during the dry season in Selan-
gor, Malaysia.
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Çatalca-İstanbul, Turkey, Turkish J. Agric. Nat. Sci., 1, 1152–
1157, 2014.

Baran-Gurgul, K.: A comparison of three parameter es-
timation methods of the gamma distribution of annual
maximum low flow duration and deficit in the Upper
Vistula catchment (Poland), ITM Web Conf., Volume
23, XLVIII Seminar of Applied Mathematics, 23-00001,
https://doi.org/10.1051/itmconf/20182300001, 2018.

Barker, L. J., Hannaford, J., Chiverton, A., and Svensson, C.:
From meteorological to hydrological drought using standard-

ised indicators, Hydrol. Earth Syst. Sci., 20, 2483–2505,
https://doi.org/10.5194/hess-20-2483-2016, 2016.

Bharali, B.: Estimation of reservoir storage capacity by using resid-
ual mass curve, J. Civ. Eng. Environ. Technol., 2, 15–18, 2015.

Bhatti, S. J., Kroll, C. N., and Vogel, R. M.: Revisit-
ing the probability distribution of low streamflow se-
ries in the United States, J. Hydrol. Eng., 24, 137–146,
https://doi.org/10.1061/(ASCE)HE.1943-5584.0001844, 2019.

Chan, N. W.: Managing urban rivers and water quality in Malaysia
for sustainable water resources, Int. J. Water Resour. Dev., 28,
343–354, https://doi.org/10.1080/07900627.2012.668643, 2012.

Coch, A. and Mediero, L.: Trends in low flows in Spain
in the period 1949–2009, Hydrol. Sci. J., 61, 568–584,
https://doi.org/10.1080/02626667.2015.1081202, 2016.

Croker, K. M., Young, A. R., Zaidman, M. D., and Rees,
H. G.: Flow duration curve estimation in ephemeral
catchments in Portugal, Hydrol. Sci. J., 48, 427–439,
https://doi.org/10.1623/hysj.48.3.427.45287, 2003.

da Silva Lelis, L. C., Nascimento, J. G., Duarte, S. N.,
Pacheco, A. B., Bosquilia, R. W. D., and Wolff, W.: As-
sessment of hydrological regionalization methodologies for
the upper Jaguari River basin, J. South Am. Earth Sci., 97,
https://doi.org/10.1016/j.jsames.2019.102402, 2020.

Department of Irrigation and Drainage Malaysia: Review
of The National Water Resources Study (2000–2050)
and Formulation of National Water Resources Policy,
Environ. Eval. identified Immed. Work. Proj. 17, 468,
available at: https://www.water.gov.my/jps/resources/PDF/
HydrologyPublication/Vol2WaterGovernance.pdf (last access:
22 January 2020), 2011.

Elfithri, R., Mokhtar, M., Abdullah, M. P., Taha, M. R., Tori-
man, M. E., Yasin, R. M., Yaakub, J., Khirotdin, R. P. K.,
Sultan, M. M. A., Ishak, S. A., Ramzan, N. M., Kamarudin,
M. K. A., Juahir, H., Ghazali, A., Ismail, A., and Gasim,
M. B.: Watershed Sustainability Index for Langat UNESCO
HELP River Basin, Malaysia, Int. J. Eng. Technol., 7, 187–190,
https://doi.org/10.14419/ijet.v7i3.14.16882, 2018.

Erfen, Y., Adnan, M. S., Ali, N. C., Amat, N. F., and Zahudi, Z.
M.: Comparison of distribution methods of low flow analysis
for Bandar Segamat, Johor, Appl. Mech. Mater., 773/774, 1266–
1270, https://doi.org/10.4028/www.scientific.net/amm.773-
774.1266, 2015.

Fleig, A. K., Tallaksen, L. M., Hisdal, H., and Demuth, S.: A
global evaluation of streamflow drought characteristics, Hydrol.
Earth Syst. Sci., 10, 535–552, https://doi.org/10.5194/hess-10-
535-2006, 2006.

Gao, P., Li, P., Zhao, B., Xu, R., Zhao, G., Sun, W., and Mu, X.: Use
of double mass curves in hydrologic benefit evaluations, Hydrol.
Process., 31, 4639–4646, https://doi.org/10.1002/hyp.11377,
2017.

Gianfagna, C. C., Johnson, C. E., Chandler, D. G., and Hofmann,
C.: Watershed area ratio accurately predicts daily streamflow in
nested catchments in the Catskills, New York, J. Hydrol. Reg.
Stud., 4, 583–594, https://doi.org/10.1016/j.ejrh.2015.09.002,
2015.

Gottschalk, L., Yu, K. X., Leblois, E., and Xiong, L.: Statis-
tics of low flow: Theoretical derivation of the distribution
of minimum streamflow series, J. Hydrol., 481, 204–219,
https://doi.org/10.1016/j.jhydrol.2012.12.047, 2013.

https://doi.org/10.5194/nhess-21-1-2021 Nat. Hazards Earth Syst. Sci., 21, 1–19, 2021

https://doi.org/10.1016/j.landurbplan.2005.03.003
https://doi.org/10.1061/(ASCE)HE.1943-5584.0001286
https://doi.org/10.1061/(ASCE)HE.1943-5584.0001286
https://doi.org/10.4236/jwarp.2018.102011
https://doi.org/10.1111/1752-1688.12562
https://www.uni-siegen.de/zew/publikationen/cicd_series/adane_thesis_-_final.pdf
https://www.uni-siegen.de/zew/publikationen/cicd_series/adane_thesis_-_final.pdf
https://doi.org/10.1016/j.ijdrr.2018.05.003
https://doi.org/10.1051/itmconf/20182300001
https://doi.org/10.5194/hess-20-2483-2016
https://doi.org/10.1061/(ASCE)HE.1943-5584.0001844
https://doi.org/10.1080/07900627.2012.668643
https://doi.org/10.1080/02626667.2015.1081202
https://doi.org/10.1623/hysj.48.3.427.45287
https://doi.org/10.1016/j.jsames.2019.102402
https://www.water.gov.my/jps/resources/PDF/Hydrology Publication/Vol2WaterGovernance.pdf
https://www.water.gov.my/jps/resources/PDF/Hydrology Publication/Vol2WaterGovernance.pdf
https://doi.org/10.14419/ijet.v7i3.14.16882
https://doi.org/10.4028/www.scientific.net/amm.773-774.1266
https://doi.org/10.4028/www.scientific.net/amm.773-774.1266
https://doi.org/10.5194/hess-10-535-2006
https://doi.org/10.5194/hess-10-535-2006
https://doi.org/10.1002/hyp.11377
https://doi.org/10.1016/j.ejrh.2015.09.002
https://doi.org/10.1016/j.jhydrol.2012.12.047


18 H. H. Hasan et al.: Assessment of probability distributions and the minimum storage draft rate

Granemann, A. R. B., Mine, M. R. M., and Kaviski, E.: Frequency
analysis of minimum flows, Brazilian J. Water Resour., 23, 1–14,
https://doi.org/10.1590/2318-0331.0318170080, 2018.

Griffiths, G. A. and Clausen, B.: Streamflow recession in
basins with multiple water storages, J. Hydrol., 190, 60–74,
https://doi.org/10.1016/S0022-1694(96)03060-0, 1997.

Hasan, H. H., Mohd Razali, S. F., Muhammad, N. S., Ahmad, A.,
Mohd Razali, S. F., Muhammad, N. S., and Ahmad, A.: Research
trends of hydrological drought: A systematic review, Water, 11,
1–19, https://doi.org/10.3390/w11112252, 2019.

Hatzigiannakis, E., Filintas, A., Ilias, A., Panagopoulos, A.,
Arampatzis, G., and Hatzispiroglou, I.: Hydrological and rat-
ing curve modelling of Pinios River water flows in Cen-
tral Greece, for environmental and agricultural water re-
sources management, Desalin, Water Treat., 57, 11639–11659,
https://doi.org/10.1080/19443994.2015.1123191, 2016.

Hazir, M. H. M., Kadir, R. A., Gloor, E., and Galbraith, D.: Effect
of agroclimatic variability on land suitability for cultivating rub-
ber (Hevea brasiliensis) and growth performance assessment in
the tropical rainforest climate of Peninsular Malaysia, Clim. Risk
Manag., 27, 100203, https://doi.org/10.1016/j.crm.2019.100203,
2020.

Hisdal, H., Stahl, K., Tallaksen, L. M., and Demuth, S.: Have
streamflow droughts in Europe become more severe or frequent,
Int. J. Climatol., 21, 317–333, https://doi.org/10.1002/joc.619,
2001.

Iqbal, M. W., Donjedee, S., and Kwanyuen, B.: Farmers’ perception
of water management under drought conditions in Badakshan
Province, Afghanistan, in: 2nd World Irrigation Forum (WIF2),
Chiang Mai, Thailand, 6–8, 2016.

Ithnin, H.: Influence of climate change on water resources: a study
of 2014 prolonged dry spell in the state of Selangor, Malaysia,
in: Proceedings of the 2014 WEI International Academic Con-
ference, the 2014 WEI International Academic Conference Pro-
ceedings 18–21 May 2014, Bali, Indonesia, 34–47, 2014.

Joshi, D. and St-Hilaire, A.: Low flow frequency analysis of three
rivers in Eastern Canada, Int. J. Environ. Chem. Ecol. Geol. Geo-
phys. Eng., 8, 410–415, 2013.

Kannan, N., Anandhi, A., and Jeong, J.: Estimation of
stream health using flow-based indices, Hydrology, 5, 20,
https://doi.org/10.3390/hydrology5010020, 2018.

Khalid, R. M.: Review of the water supply management and reforms
needed to ensure water security in Malaysia, Int. J. Bus. Soc., 19,
472–483, 2018.

Koteia, R., Agyei Agyareb, W., Kyei-Baffourc, N., Atta-Darkwad,
T., and Takyi Atakora, E.: Estimation of flow-duration and low-
flow frequency parameters for the Sumanpa Stream at Mampong-
Ashanti in Ghana for the 1985–2009 period, Am. Sci. Res. J.
Eng. Technol. Sci., 15, 62–75, 2016.
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