
The Editors 
Natural Hazards and Earth System Sciences 
EGU - European Geosciences Union e.V. 
Philippe Courtial 
Kastenbauerstr. 2 
81677 Munich 
Germany 
 
Dear Editors, 
Re: Resubmission of manuscript “Assessment of probability distributions and minimum 
storage draft-rate analysis in the equatorial region”, nhess-2020-105 
 
Thank you for the opportunity to revise our manuscript, nhess-2020-105. We appreciate the 
careful review and constructive suggestions from all reviewers. We believe that the manuscript 
is substantially improved after making the suggested comments and recommendations. 
 
Following this letter are the reviewer comments with our responses in red colour, including 
how and where the text was modified on-page and line numbers. Changes made in the 
manuscript are marked using red colour. The revised manuscript was submitted to proofreading 
and editing services by IBP Editing Services. The revision has been developed in consultation 
with all co-authors, and each author has approved the final form of this revision. 
 
 
Thank you for your consideration. 
 
Sincerely, 
Hasrul Hazman Hasan 
First Author, 
Department of Civil Engineering,  
Faculty of Engineering & Built Environment,  
Universiti Kebangsaan Malaysia, 43600 UKM Bangi, Selangor, Malaysia. 
P99749@siswa.ukm.edu.my 
 
Siti Fatin Mohd Razali 
Corresponding author, 
Department of Civil Engineering,  
Faculty of Engineering & Built Environment,  
Universiti Kebangsaan Malaysia, 43600 UKM Bangi, Selangor, Malaysia. 
fatinrazali@ukm.edu.my 
 



Review for manuscript “Assessment of probability distributions and minimum storage 
draft-rate in the equatorial region.”  
Authors: Hasrul Hazman Hasan, Siti Fatin Mohd Razali, Nur Shazwani Muhammad, Firdaus 
Mohamad Hamzah  
Journal: Natural Hazards and Earth System Sciences  
 

Summary  

The study by Hasan et al. focuses on low flows, drought, and minimum storage draft-rates in 
seven catchments in the Selangor region in Malaysia. The study consists of four types of 
analyses: (1) a non-parametric trend analysis on annual mean, minimum, and maximum flows 
using the Mann- Kendall and Sen’s slope tests; (2) a low flow frequency analysis on annual 
minimum flow using the Lognormal 2P distribution; (3) an analysis of drought characteristics 
determined using a fixed drought threshold at the 90th flow percentile; and (4) the 
determination of minimum storage draft rates necessary to ensure sufficient water supply 
during low flow periods.  

General remarks  

The revised version of the manuscript in my opinion hardly addresses the major points risen 
by the two reviewers and highlighted by the editor and does not show significant improvement 
compared to the earlier version. I therefore have to re-iterate my previous criticism: (1) the 
study still does not seem to follow a clear aim and motivation and lacks the specification of a 
research question; (2) it still has an unclear structure and shows elements belonging to 
Introduction, Methods, Results, Discussion, Conclusions all over the place (i.e. not all 
introductory material is in the introduction,...); (3) the method descriptions are still confusing 
and it is hard to tell how the analysis was exactly done; (4) the trend analysis has been 
performed on sub periods instead of on the whole period which leads to the detection of 
spurious trends, which are probably rather attributable to internal variability/oscillations; (5) a 
novel aspect is missing, which leads to insignificant conclusions. I still do not think that this 
study is publishable in NHESS.  

I again discuss some major points, which I feel have not been properly addressed in the revised 
version of the manuscript.  

Major points  

•  Abstract: The abstract is missing a clear problem statement.  

Response: Thank you for these observations. We have rewritten the abstract to better 
differentiate among the objectives and edited so that the methods are reflected in the results 
and the data support the conclusions.  
We have revised the abstract based on your recommendation on page 1, lines 11-15. 

The study region of interest should be mentioned.  

Response: Thank you for your suggestion. We have revised the manuscript based on your 
recommendation on page 1, lines 15-17. 



I would give it a clear structure by listing the four elements of the analysis: (1) trend analysis, 
(2) low flow frequency analysis, (3) drought analysis, and (4) storage draft rate analysis.  

Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
manuscript based on your recommendation on page 1, lines 15-22. 
 
The abstract should also include a short summary of the main findings and end with a 
concluding statement (this requires a clear problem statement at the beginning).  
Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
manuscript based on your recommendation on page 1, lines 22-27. 

•  Introduction: The introduction needs a clear research question and should introduce the 
problem and some background knowledge related to this research question (or questions).  

Response: Thank you for your suggestion. We have revised the manuscript based on your 
recommendation. 

Currently, the introduction lists various statements related to low flows and droughts but does 
not tell a compelling story. The introduction would profit from a clear distinction between low 
flows, droughts, and water scarcity (for a discussion on these different concepts see e.g. [Van 
Loon et al., 2016]).  

Response: Thank you for your suggestion. We agree with the reviewer and have added the 
sentences in the Introduction section (Page 2 to 4, lines 42–100). 

In addition, a short introduction to the concept of ‘storage rate’ should be provided (e.g. does 
storage refer to reservoir storage or another type of storage?).  

Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
manuscript based on your recommendation on page 3 (line 80) to page 4 (line 100). 

I suggest to restructure the introduction as follows: (1) introduce why are droughts, low flows, 
and water scarcity important and what is the relationship between the three,  

Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
manuscript based on your recommendation on page 1 (line 29) to page 2 (line 60). 
 

(2) introduce factors influencing drought and water scarcity characteristics,  

Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
manuscript based on your recommendation on page 2 (line 62) to page 3 (line 90). 
 

(3) introduce the storage-draft rate concept and how this is related to drought,  

Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
manuscript based on your recommendation on page 3 (line 80) to page 4 (line 100). 
 



 (4) provide a short introduction of study area and the problem you are trying to solve,  

Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
manuscript based on your recommendation on page 4, lines 99-113. 

(5) state research question, and  

Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
manuscript based on your recommendation on page 4, lines 118-122. 

 (6) provide a short overview of methods used to answer this question.  

Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
manuscript based on your recommendation on page 4, lines 128-132. 

•  Data: The following specification is necessary: Are the streamflow time series natural or 
influenced by water abstraction and storage (at least some of them seem to be influenced)?  

Response: Thank you for your suggestion. Three over seven stations is influenced by dam and 
the others are considered as natural streamflow time series without any influence by any dam.   

It is still unclear whether reservoirs are present in the study region. None of them are indicated 
in Figure 1 as pointed out by both reviewers.  

Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
manuscript based on your recommendation in Figure 1 and Table 1. 

•  Methodology: In my understanding, the analysis consists of four main steps: (1) Trend 
analysis of annual mean, maximum, and minimum flows, (2) low flow frequency analysis 
based on annual minimum flows, (3) analysis of drought characteristics for individual events, 
and (4) storage draft analysis. Is this correct. If this is what was actually done, I would 
restructure the methods section accordingly.  

Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
manuscript based on your recommendation. 

It is unclear which types of variables are used for which type of analysis. I only figured out e.g. 
which variables were of interest in the trend analysis when I started to look at the tables 
presented in the Results section. The methods descriptions are confusing and unclear and 
include a lot of unnecessary detail instead of providing essential information.  

Response: Thank you for your suggestion. We agree with the reviewer. We revised the 
methods section based on your recommendation on page 5-6, lines 160-171 and Figure 2. 

I do for example not understand why a detailed description of Flow Duration Curves is 
necessary (these were just used to determine the drought threshold, right?).  

Response: We changed the sub-topic to 2.5 Threshold analysis. We have explained in detail 
about the threshold level that has been used in this study.  



In my opinion, the detailed description of the Mann-Kendall test can be removed and be 
replaced by an appropriate reference (l. 131-157). Instead, it should be specified (a) for which 
variable/events return periods were determined,  

Response: We have revised the manuscript based on your recommendation on page 6, lines 
173-181. 

 (b) which drought characteristics were analysed in the below threshold drought analysis,  

Response: We have revised the manuscript based on your recommendation on page 11, lines 
326-327. 

 (c) I would add the informative illustration and description provided in the responses to the 
reviewers to illustrate the storage draft rate concept.  

Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
manuscript based on your recommendation on page 10, lines 293-300 and Figure 3. 

Furthermore, the trend analysis should be performed on the whole period 1971-2017 instead 
of on sub periods of 8 years to avoid the detection of spurious trends.  

Response: Thank you for your suggestion. We have revised the manuscript based on your 
recommendation about the trend analysis by performed on the whole period of study, 1978 to 
2017. Annual streamflow series trend analysis presents the overall view of the shift in systems 
of streamflow (Assefa and Moges, 2018). The Mann-Kendall test, Sen’s slope, relative change 
within 40 years, maximum cumulative sum (CUSUM) with the year of change point and their 
value of p using Pettitt test are displayed in Table 4. 

•  Results: The results section contains several paragraphs actually belonging to the methods 
and introduction sections (e.g. l. 323-327, 360-365 (in my opinion not necessary at all as it can 
be assumed readers know what a boxplot is)).  

Response: We have revised the manuscript based on your recommendation by remove the 
unnecessary paragraphs in the results section and rewrite scientifically.  

There is even a statement that belongs to the introduction describing the ‘primary purpose’ of 
this study (l. 336-337).  

Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
manuscript based on your recommendation and removed the introduction statements in the 
result section. 

I would restructure according to the restructuring also suggested for the Methods section: (1) 
Results of trend analysis, (2) results of low flow frequency analysis, (3) results of drought 
characteristics analysis, and (4) results of storage rate analysis. And also here, it always needs 
to be clear which variables the results refer to.  

Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
manuscript based on your recommendation for restructuring the Method section. 



•  Discussion: The discussion presents a lot of material that in my opinion, belongs to the 
introduction and the methods section (l. 459-484). I would instead discuss the implications of 
your findings for water management in the region.  

Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
manuscript based on your recommendation. We have combined the discussion section into the 
result section for a better understanding of the reader and clear presentation of all variable. 
 

•  Conclusions: Instead of providing a summary of the methods, focus on the insights we gain 
from this study. Currently, this seems to be: ‘Based on the analysis of the study, the estimated 
minimum storage-draft rates for each station cannot meet the water demand during low flow at 
specific return periods, which is 10-year recurrence interval for this research.’ (l. 514). 
Formulating conclusions will be easier once you have identified a clear research question. 

Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
manuscript based on your recommendation and rewrite the conclusion section based on the 
result of this study. 

• References: Should again be carefully checked. I would consistently use lower caps for 
nouns (e.g. Bakanogullari et al. 2014).  

Response: Thank you for your suggestion. We have clearly checked and revised the references 
part. 

•  Language: I appreciate that the authors had their manuscript checked by an editing service. 
However, I think that the article needs another round of editing with respect to the use of tense 
and sentence structure.  

Response: Thank you for your suggestion. The revised manuscript was submitted to 
proofreading and editing services by IBP Editing Services. The certificate was attached below. 
 

•  Figures and Tables:  

•  Most figures: Increase legend font, provide one legend for all subplots not per subplot. 
Increase size of axis labels.  

Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
all figures based on your recommendation. 

•  Figure 1: I would indicate the locations of the dams mentioned in l.90-99 if they are 
important for the analysis. But I am still unsure whether the storage-rate refers to reservoir 
storage or something else.  

Response: Thank you for your suggestion. We agree with the reviewer. We have revised 
Figure 1 based on your recommendation. 

•  Figure 3: Indicate that outliers are not displayed?  



Response: Thank you for your suggestion. We agree with the reviewer. We have revised 
Figure 3 (current in Figure 5) based on your recommendation. 

•  Table 6: The p-values should lie in the range of [0,1]. Were the column names mixed up? I 
would indicate for which distributions and catchments, H0 of ‘the distribution of the sample 
corresponds to the theoretical distribution’ was rejected.  

Response: Thank you for your suggestion. We agree with the reviewer. We have revised Table 
6 based on your recommendation. 

•  Table 8: can in my opinion be removed as you just focused on a threshold of Q90. By the 
way, I would talk about Q10, to consistently refer to non-exceedance probabilities throughout 
the paper.  

Response: We agree with the reviewer. We have removed Table 8 based on your 
recommendation. 

Minor points  

No further editing suggestions are provided as the manuscript in my opinion needs to be 
completely revisited.  

 

References used in this review  

Van Loon, A. F. et al. (2016), drought in a human-modified world: Reframing drought 
definitions, understanding, and analysis approaches, Hydrol. Earth Syst. Sci., 20(9), 3631–
3650, DOI:10.5194/hess-20-3631-2016.  
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General remarks  
In the previous review, my main comments referred to the trend analysis and the figure quality. 
I recognize that in this revised manuscript almost all my suggestions have been addressed and 
incorporated. Therefore I think that, in the present form, the paper can be published in NHESS. 

Response: We would like to thank you for your previous suggestion and appreciate your 
support in our paper. 

 



Review for manuscript “Assessment of probability distributions and minimum storage 
draft-rate in the equatorial region.”  
Authors: Hasrul Hazman Hasan, Siti Fatin Mohd Razali, Nur Shazwani Muhammad, Firdaus 
Mohamad Hamzah  
Journal: Natural Hazards and Earth System Sciences  
 
General remarks  
Dear Editor, Dear Authors, 
I read with interest this manuscript for possible publication in NHESS journal. 
I went through the comments of the previous referees and of the Editor and I can confirm that 
the authors made a significant and appreciable effort in responding to the requests. However, 
in reading the final manuscript I had the following observations: 

Response: We would like to thank you for your constructive comments. We agree with most 
of the suggestions and, therefore, we modified the manuscript to take on board your comments.  

• Manuscript is a bit too long. Description of the methodology can be made shorter. For 
example, description of the box plot method (L360-370) is not really necessary, as also the 
definition of the quartile (this is just an example). 
 
Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
manuscript based on your recommendation by removed the description of boxplot method. 
 
• Hydrological drought is normally defined based on the variation of precipitation regimes with 
respect to the expected volumes. In this study the hydrological drought is analyzed with respect 
to the streamflow variable and the connection with the low flow. Then, the changes in the 
observed streamflow can be due to both variations in precipitation and in the processes that 
determine the rainfall-runoff transformation, which are highly non-linear. You should 
emphasize this difference (precipitation vs streamflow); analyses of rainfall series would have 
been appropriate, however I suggest at least to include and discuss about the possible 
connection of the precipitation shortage with the negative trend of streamflow. This can be the 
main cause (L320). 
 
Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
manuscript based on your recommendation in pages17 -18, lines 526-537. 
 
• Are there any gaps in the streamflow time series? If so, how did you manage them? 
 
Response: Thank you for your comments. 
The streamflow time series are not containing any gap in 40-years historical records. The data 
were selected to cover the whole Selangor region with a common period, from 1978 to 2017. 
The criteria for selecting series were that the records should be, as far as possible, unaffected 
by human-induced changes in the basin and that the records should be continuous and as long 
as possible.  
 
 
 



• L372-373: correct, but how can you tell this? It is not really supported by the 
results/discussion. 
Response: Thank you for your comments. We have revised the manuscript based on your 
recommendation on page 14, lines 409-412. 
 
• Figure 3: please, make the low flow axes in a more readable unit (es. m/h or mm/s) 
Response: Thank you for your suggestion. We agree with the reviewer. We have revised Figure 
3 (currently in Figure 5) based on your recommendation. 
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General remarks  
This paper is aiming to understand the concept of low flow, to estimate hydrological drought 
characteristics, and the predictive significance of river storage-draft rates in operational water 
resources management in Selangor state, Malaysia. Hence, it uses four types of analyses: (1) a 
non-parametric trend analysis on annual mean, minimum, and maximum flows using the 
Kendall and Sen’s slope test, (2) a low flow frequency analysis on annual minimum flow using 
the theoretical distributions, (3) an analysis of drought characteristics determined using a fixed 
drought threshold at the 90th flow percentile, and (4) the determination of minimum storage 
draft rates necessary to ensure sufficient of water supply during low flow periods. The paper is 
a new research study, but all the sections apart from the Introduction Section are written as a 
technical report. Hence, the application research part needs improvements and corrections to 
verify the novelties of the method employed in the study area. Based on this general comment 
the following points should be addressed and clarified. 

Response: We would like to thank you for your constructive comments. We agree with 
most of the suggestions and, therefore, we will modify the manuscript to take on board 
your comments.  

 
1. Uniformity of the Sections. I am having difficulties to connect all individual sections in a 
unified and complete framework. Several analyses are performed individually but the results 
of the sections are not used in the other sections. This makes the manuscript difficult to follow. 
For example what is the use of 2.4 Section in the subsequent sections? Again how FDCs 
(Section 2.5) are used in the manuscript? Please justify these issues on the revised manuscript. 
 
Response: Thank you for your suggestion. We agree with the reviewer. 

We have revised the manuscript based on your recommendation and connect all the 
sections for better understanding. The methodology framework for this study was constructed 
for all analysis. Sub-section 2.4.1 was combined to section 2.4 for estimated the return period 
of low flow after selection of the distribution that best fits the 7-day low flow data sample. 
Section 2.5 was changed to threshold level method that consists with developed the flow 
duration curve (FDC) for determining the 90th percentiles of streamflow series.  

From the streamflow time series in section 2.4, when a set of streamflow ranked from 
highest to lowest is plotted against a log-transformed return period, or log-transformed 
exceedance frequency, a line is obtained. The slope of the obtained line is positive (for return 
period) and negative (for FDC). The fixed threshold is derived from the flow duration curve 
(FDC) based on the entire record period. The variable threshold approach is adapted to detect 
streamflow deviations for both high- and low-flow seasons. Lower than average flows during 
high-flow seasons may be important for later drought development. Streamflow deficits were 
calculated using the threshold level method, according to which a deficit is defined as a period 
when the flow is below a predefined discharge. The deficit duration is defined as the period 
when the flow is below the threshold. The volume of the deficit is defined as the sum of 
discharges for the corresponding deficit duration, as the intensity of deficit is defined the ratio 



between the volume and the duration of the deficit. Finally, the last characteristic is the 
minimum flow of a deficit. In this study, discharge values resulting from Q90 quantiles from 
the flow duration curve (FDC) were used as thresholds.  
 
2. Trend Analysis. Table 4 presents the results of the trend analysis for 8-year time interval and 
for the complete dataset (40 years). How these periods are selected and why? My advice to the 
authors is to use tests to identify significant step changes in the streamflow data (non-
parametric tests (i.e. Distribution Free CUSUM) and/or parametric tests (i.e. Cumulative 
Deviation, Worsley Likelihood Ratio) and then to apply the trend tests in the identified time 
periods (if any) (Kundzewicz and Robson, 2004). 
 
Response: Thank you for your suggestion. We have been revised the manuscript and redo the 
streamflow trend analysis for all stations and whole study periods (40 years). The average 
annual streamflow is analysed using the Mann-Kendall test, and significant trends and 
distribution changes are discussed. The trend slope is calculated using the Sen’s slope 
estimator, which produces the amount of change in trends. Finally, the change points in the 
long-term streamflow data are identified using the CUSUM test, and the changes in streamflow 
before and after the change points are explored using Pettitt’s test. These research methods are 
used to determine long-term streamflow trend changes in 7 stations and the trend changes in 
spatial variability. 
 

Station 
Record 

Length 

Mann-

Kendall 

Sen’s 

Slope 

Relative 

Change 

Within the 

Record (%) 

Maximum 

Cumulative 

Sum  

Change 

Point 

(Year) 

Value of p 

(Pettitt's 

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 

 
 
 
3. Section 2.4. Please justify the use of this section. Based on the distribution fitting I would 
guess to connect this section with section 2.6. Furthermore, a discussion is needed for the 
estimation method of distribution parameters. I would like to see in the revised manuscript a 
comparison (or a discussion) of methods for selecting the best method (i.e method of moments, 
L-moments, maximum likelihood, maximum goodness-of-fit estimation method). Please 
address these critical issues in the revised manuscript. 
 
Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
manuscript based on your recommendation. The justification of Section 2.4 (currently section 
3.2, page 8, line 223-239) and page 14, line 418-429. 



The least-squares method uses mathematical formulas to determine the parameters of an 
empirical distribution, such as the slope and intercept of the distribution. A best fit is achieved 
when the sum of squares of all deviations between the observed point and some theoretical 
function is minimised. The function is calculated for each point, and then the difference 
between the observed and calculated is squared such that the sum is minimised. This method 
has gain popularity and is especially useful if the theoretical function can be made linear. For 
large sample sizes, method of maximum likelihood is superior to others since the resulting 
estimators of population parameters are considered to be more efficient and accurate.  
 
4. Section 2.5. Please provide information on threshold selection. Why the authors select a 
fixed threshold (90th percentile). Why a variable threshold method is not selected for this study 
(e.g. Van Loon, 2015)? I would expect from the authors to use at least a monthly varying 
threshold for this type of presented analysis. Furthermore, please discuss the effect of pooling 
procedure and the selected threshold in the derived results. A sensitivity analysis using different 
pooling procedures and thresholds could exemplify the used methods. 
 
Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
manuscript based on your recommendation in page 10 (line 302-308) and page 11 (line 327-
335).  

 
However, the threshold selection should be further analysed because it is not clear that Q90 
should be used as a representative threshold for rivers in a monsoon climate. The time 
resolution, whether to apply a series of annual, monthly, or daily streamflow, depends on the 
hydrologic regime in the region of interest. The choice of threshold level influences both the 
number of events and the presence of multi-year droughts in the derived drought series. The 
within-year droughts neither a large amount of multi-year droughts nor a large number of years 
without any droughts should be included in the series as these can complicate an extreme value 
analysis. For short data series the use of very low threshold levels can be problematic, as the 
derivation of statistical properties of droughts require a certain minimum number of events. 
This study using 40-years streamflow record data for hydrological drought analysis. A drought 
starts when the streamflow falls below a threshold level, and the drought recovers when the 
streamflow returns above the threshold level. The duration (run-length, di), total deficit (run-
sum, vi) which is the sum of the deficits, and magnitude (vi/di) of each drought event can be 
readily obtained.  
 
A sensitivity analysis is out of scope from this study. This can be done for the further studies 
about the selection of hydrological drought indicator. 
 
5. Section 2.6. The minimum storage draft rate was determined by using the mass curve of low 
flow at a monthly interval. Please explain the procedure in detail. I would guess that the draft 
rate could be estimated from section 2.4 for a 10-year return period using for example the 
sequent peak algorithm. Please address this issue on the revised manuscript. 
 
Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
manuscript based on your recommendation in page 10, lines 287-300 and Figure 3. 
 
6. Standardisation procedure of the used runoff indices (Q95, MAM-7d). In order to compare 
the results a standardisation procedure could be applied in the streamflow data. 



 
Response: Thank you for your suggestion. We think this is out of the aims and purpose of this 
study. 
The threshold level Qp as an index of hydrological drought, is chosen to represent the boundary 
between normal and usually low streamflow. This choice is based on the characteristics of the 
streamflow regime as a percentile from the flow duration curve and is frequently applied for 
both perennial and intermittent streams. For perennial streams, threshold levels are chosen 
between Q70% and Q95%, for intermittent streams. The choice of threshold might be in a 
number of ways and is amongst other a function of the type of water deficit. A compromise 
may have to be made between including events that can really be regarded as significant deficits 
and including enough events for analysing their characteristics. Kannan et al. (2018) indicated 
the flow duration curve could be divided into five zones, representing high flows (0-10%), 
humid conditions (10-40%), medium-range flows (40-60%), dry conditions (60-90%), and low 
flows (90-100%). To compare the results a standardisation procedure could be applied in the 
streamflow data is out of scopes from the aims of this study.  
 
Minor Comments 
7. A flow diagram presenting the steps of the analysis could be useful for international readers. 
 
Response: Thank you for your suggestion. We agree with the reviewer. We have revised the 
manuscript based on your recommendation in page 5-6, lines 160-171 and Figure 2. 
 
References: 
Van Loon, A. F. (2015), Hydrological drought explained. WIREs Water, 2: 359-392. 
doi:10.1002/wat2.1085. 
Kundzewicz, Z. W. & A. J. Robson (2004) Change detection in hydrological records—a review 
of the methodology / Revue méthodologique de la détection de changements dans les 
chroniques hydrologiques, Hydrological Sciences Journal, 49:1, 7-19, DOI: 
10.1623/hysj.49.1.7.53993. 
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Abstract. Rapid urbanisation in the state of Selangor, Malaysia have led to a change in the land use, the physical properties 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 

rivers basin depends on their low flow characteristics. Thus, 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 catchment. In 15 

this study, the long-term streamflow data of 40-years from seven stations in Selangor were used, and streamflow trends are 

analysed. Low flow frequency analysis was derived using the Weibull plotting position and four specific frequency 

distributions. Maximum likelihood was used to parameterise, while Kolmogorov-Smirnov tests are used to evaluate their fit 

to the dataset. The mass curve is used to quantify the minimum storage draft-rate required to maintain the 50% mean annual 

flow for 10-years recurrence interval of low flow. Next, low flow river discharges were analysed using 7-day mean annual 20 

minimum while drought event was determined using the 90th percentile (Q90) as the threshold level. The moving average was 

employed to remove the dependent and minor droughts in determining the drought characteristics. The result of the study 

shows that the Log-normal (2P) distribution was found to be the best fit for low flow frequency analysis to derive low flow 

return period. This analysis reveals 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 results indicated the hydrological droughts have generally 25 

become more frequent and critical in the availability of rivers to sustain water demand during low flows. These results can 

help in emphasising the natural flow of water to provide water supply for continuous use during low flow. 

1 Introduction 

Droughts are long-term natural disaster phenomena resulting 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, 30 
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and climate change tends to increase drought occurrences (Bakanoğullari and Yeşilköy, 2014; Tigkas et al., 2012). Droughts 

have considerable economic, societal, and environmental impacts. Drought can typically be classified into four types, 

depending on 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. The main factor involved in hydrological drought is climate change and 35 

anthropogenic activities of surface water resources. The hydrological drought assessment gives a good interpretation of the 

water surface of the hydrological cycle. Hydrological drought also allows the incorporation of spatial details that impact 

internal storage and soil, vegetation and terrain characteristics. This study mainly focuses on hydrological drought. The related 

hydrological aspects, including low water levels and decreased groundwater recharge, are more directly affected by the 

hydrological drought impacts. 40 

 

Extreme drought can cause significant water cycle imbalances that alter the processes of precipitation and evaporation, the 

circulation of atmospheric water vapour 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 estimated water excess. Under 45 

such conditions, water shortages can happen even though the dry season is not too extreme. Drought is most frequently the 

consequence of climate change and human activities in the particular area or regions. Human activities and poor management 

of water resources are exacerbated and exacerbated by water scarcity and 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 resources (Wada et al., 2013). 50 

 

Hydrological drought is a natural event with streamflow deficits in duration and volume (Kubiak-Wójcicka and Bąk, 2018). 

In hydrological drought, not every low flow occurrence 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 minimum 55 

annual series which does not reflect hydrological 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 analysis 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-day average discharge is the most widely used low flow index. 60 

 

The hydrological drought design system is somewhat complicated and susceptible to catchment characteristics or climate, and 

a combination of the two variables (Loon et al., 2015; Mohammed and Scholz, 2018; Zhai and Tao, 2017). Precipitation and 

temperature are two main factors among different environmental factors that mainly determine the climate model and 
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antecedent situation for hydrological drought events (Joetzjer et al., 2013). Water availability in many areas is becoming less 65 

predictable due to climate change. More significant periods of drought and higher temperature are projected to affect the 

rainfall distribution, river flow used for water availability causing deleterious effects on water supply. Watershed also performs 

a significant part in the propagation of drought and affects procedures such as pooling, lagging, and lengthening (Fleig et al., 

2006; Sarailidis et al., 2019). Some researches further explored the specific functions of climate control and watershed 

influence in regulating features of hydrological drought, and the findings are hugely based on spatial scales (Austin and Nelms, 70 

2017; Barker et al., 2016; Liu et al., 2012; Zarafshani et al., 2016; Zhu et al., 2018). Generally, 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 regulating the duration of hydrological drought 

and the quantity deficit for 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 hydrological drought are not restricted to the external variables 75 

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 extraction or withdrawal (Hatzigiannakis et al., 2016; Richter and 

Thomas, 2007; Sun et al., 2018; Toriman et al., 2013). 

 

Water storage in river basins is typically affected by its composition and physical features, such as the morphology of the basin 80 

and channel, and type of geological and topographical conditions of the basin (Costa et al., 2003; Robin Burgers et al., 2014). 

While the mechanics of depletion processes of water storage are generally well understood, modelling of quantitative storage 

behaviour patterns is rarely possible due to lack of knowledge of storage properties such as geometry, porosity and hydraulic 

conductivity, the absence of data on evapotranspiration rates, and the transition between storage and loss of storage. It is fair 

to idealise the physical situation in these situations, even at the basin scale. All storages, except the storage of channels, are 85 

regarded as separate and independent components of different types. They are assumed to contribute a net inflow to the stream, 

and it is assumed that streamflow response depends on the time elapsed rather than the actual input time.  

 

In the events that the low flow of the river is sufficient to meet the water demand, the storage may be utilised to increase the 

guaranteed water supply. The hydrological aspects which must be considered are the amount of storage necessary to sustain a 90 

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. The significant sources of error are associated with frequency analysis. Error in frequency analysis 

is due to fitting the type of extreme value distribution to low flow series and uncertainties associated with assigning recurrences 

interval for cumulative probabilities to the events in series. Drainage basin stores are surface of significant quantities of water 

that may regulate the rate at which input feeds through to the output. Channel storage is the volume of water contained within 95 

banks of the river that will operate as a water store between its initial input and ultimate output (Griffiths and Clausen, 1997). 
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This study was conducted at Selangor states on the west coast of Peninsular Malaysia to evaluate and investigate the 

hydrological drought characteristics using historical streamflow data. High demand for water that can accommodate the daily 

water consumption of the population due to rapid populations, as well as the lack of rain, has caused disruptions of water 100 

supply in Selangor (Khalid, 2018; Kwan et al., 2013; Ngang et al., 2017). Water shortages associated with the incident of El 

Nino / Southern Oscillation (ENSO) impacted parts of Malaysia, including Selangor (Sanusi et al., 2015; Zainal et al., 2017). 

Drought disasters have hit several regions in Malaysia, especially in the Klang-Selangor Valley, Penang and several other 

places such as Kedah, Kelantan, Sarawak and Sabah (Chan, 2012). The problems of water shortage and drought in Malaysia 

have been recorded as early as 1951, where it occurred for 29 months in the Langat River Basin (Chan, 2012). After that 105 

episode, the drought disaster continued to hit Malaysia with the Klang Valley water crisis 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 

quantitatively evaluated. Studies conducted by Iqbal et al. (2016), Azadi et al. (2018), and Tigkas et al. (2012) have highlighted 110 

the issue 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).  

 

The hydrological drought was referred to as the most critical aspect of drought with significantly reduced streamflow and 

lower water storage in the river system (Hasan et al., 2019). Because of this, in order to ensure that water supply requirements 115 

are met, the storage rate for each river should be known to ensure that the minimum storage during low flow and drought in 

the coming years will be able to accommodate consumers’ water demand. Some relevant research questions in the investigation 

of hydrological drought are: (1) ‘Is there an increasing 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 conditions in the river system in the 

Selangor state?’; (3) ‘What is the minimum required storage draft-rate based on monthly time series?’; and (4) ‘How well does 120 

the threshold level method performs 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 (7) catchments in 

Selangor region in Malaysia; (4) 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 125 

significance of river storage-draft rates in managing sustainable water catchment. The findings are useful for designing 

strategies to sustain 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) daily streamflow trend analysis for a 40-year time series using the Mann-Kendall, 

Sen’s slope, distribution-free (CUSUM) and Pettitt’s test; (2) a low flow frequency analysis on annual minimum flow using 

the best fitted of distributions; (3) the determination of minimum storage draft rates necessary to ensure the sufficiency of 130 
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water supply during low flow periods; and (4) 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 Selangor state. Selangor covers an area of 8,104 km2 and is 

located on Peninsular Malaysia's west coast. Selangor’s water supply system not only covers the state of Selangor but also 135 

supplies water to the Kuala Lumpur and Putrajaya areas (Sakke et al., 2016a). Langat-, Klang-, and Selangor-River basin are 

the main river basins in Selangor. There are also three other river basins in Selangor which are the Buloh-, Bernam-, and Tengi-

River basin. 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 Langat river (Elfithri et al., 2018), serve to regulate the raw water 

supplied to treatment plants downstream. The main tributaries of Selangor rivers are Sembah, Kanching, Kerling, Rawang, 140 

and Tinggi river. There are two dams, namely Selangor and Tinggi dam, in the Selangor river basin.   
 

Selangor state is characterised by its geographical position, which lies near the equator climate that is warm and humid over 

the year (Lassen et al., 2004). The average annual temperature varies between 27-30 °C, and the average annual relative 

humidity is between 70-90% (Lee et al., 2013). The equatorial climatic regions are influenced by two monsoons: the southwest 145 

Indian monsoon and the northeast Asian monsoon, which result in two rainy seasons with a significant amount of storm 

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 encounters drought periods. Dry spells, low rainfall, and high soil impermeability due to population 

growth are the leading causes of low flow events. Low flow usually refers to a stream’s regime that indicates the average 

annual streamflow variability associated with the regional climate's annual cycle. A stream's regime can display one or more 150 

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 Langat River basin at Dengkil, Kajang, 

Semenyih, and Lui. There is also streamflow gauging station at Rantau Panjang for the Selangor River basin, Tanjung Malim, 

and JAM SKC for the Bernam River basin, respectively (Department of Irrigation and Drainage Malaysia, 2011). The 155 

headwater of the Langat river basin starts from the northeast of the basin, flows to the southwest, and joins with the Semenyih 

River. The Langat and Semenyih dams, Selangor and Tinggi dams are located 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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3 Methodology 

Daily streamflow data were obtained from the Department of Irrigation and Drainage Malaysia, which covers approximately 160 

40 years (1978 to 2017) of records for all streamflow gauging stations. Precautions were taken to ensure reasonable low flow 

data were captured. The framework of methodology was developed for assessing the hydrological drought characteristics in 

the state of Selangor, Malaysia, using low flow and threshold indicator. The first analysis in this study is to determine the daily 

streamflow trend for 40 years using the Mann-Kendall test; and the slope of trend was calculated using the Sen’s slope 

estimator; the change points are identified using the CUSUM and Pettitt’s test. Next, the potential of a probability distribution 165 

that optimally fits the 7-day mean annual minimum (MAM) in low flow frequency analysis was evaluated for determining 

different return periods. The 10-year return period was computed using the estimation of minimum storage draft-rate in the 

river using mass curve. Next, the threshold level was obtained from the flow duration curve (FDC), and 90th percentiles were 

selected for drought analysis. Finally, the characteristics of hydrological drought were analysed, including drought events, 

durations and drought deficits in seven watershed catchments. The summary of the whole methodology analysis is depicted in 170 

Figure 2. The following sections elucidate the specific components incorporated into the methodology framework. 

3.1 Streamflow trend analysis 

The mean annual streamflow was analysed for significant trends, and distribution changes are discussed. The trend slope is 

measured using the Sen’s slope estimator, that produces 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 before and after the change 175 

points were examined using the Pettitt test. All analyses were conducted in seven (7) stations to recognise the spatial variability 

based on historical streamflow pattern change. Mann-Kendall and Sen's T-tests are the most commonly used non-parametric 

trend analysis methods (Hisdal et al., 2001). 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 analysed using the Mann-Kendall test to evaluate 

the significance of monotonic trends. For the test consist of a series of streamflow data over a time period, the null hypothesis 180 

(H0) is tested, and the data originates from a series of variables that are identically distributed and independent. The data of 

H1, the alternative hypothesis, follows a monotonic pattern over time. Under H0, the test statistics for Mann-Kendall are given 

by Eq. (1): 

𝑆 = ∑ ∑ 𝑠𝑔𝑛(𝑥! − 𝑥")#
!$"%&

#'&
"$!  ,          (1) 

where xj and xi are the data values in years j and i, respectively; and n is the total number of years. The probability associated 185 

with S and the sample size, n, is determined to measure the trend significance statistically. The normalised test statistics, Z, is 

expressed as follows using Eq. (2): 
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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 associations between samples to show the presence or absence of a trend. When the 190 

value of Z is positive, it gives a positive trend, and a negative trend when Z gives 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 = 	8
+	(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 195 

slope is a non-parametric method for determining any trend's slope. It utilises data from a time series that is similarly 

distributed. The difference in slope was calculated 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 Sen’s slope test. For the entire data set, 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): 200 

𝛽 = Median	 /!'	/"
1!'	1"

 ,           (4) 

with n the number of data; i, 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 has been verified, using the equation employed by Petrow and Merz, (2009) 

to calculate the amount of change in the data series by Eq. (5): 

∆𝑋, =	
2#$%'	2&"'()

2*#+$
 ,           (5) 205 

where ∆XR is the amount of change observed in the data series, 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 piece 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, simplicity and 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 cumulative sum of deviation (Si) from the target value (mean) was calculated using Eq. (6): 210 

𝑆" =	∑ (𝑥! −	𝜇3"
!$& ) ,           (6) 
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where xj is the mean of jth sample. Finally, by considering 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 as Eq. (7) 

(Ahn and Palmer, 2016): 

𝑈 =	∑ ∑ 𝑠𝑔𝑛#
!$4%& (𝑥! −	𝑥"4

"$& ) ,          (7) 215 

Where, T = change point, x = target variable and sgn(xj – xi) is defined as Eq. (8): 

𝑠𝑔𝑛	(𝑥! −	𝑥") = 	8
+1, 𝑥! >	𝑥"
0,			𝑥! =	𝑥"
−1, 𝑥! <	𝑥"

 ,          (8) 

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

value. 

𝐾 =	𝑀𝑎𝑥5	64	6"(𝑈) ,           (9) 220 

where K = final Pettitt statistics and T = data point at which the change occurs. The probability of significance was 

approximated by p » 2 exp [-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 function that have been applied successfully to hydrological data. Frequency 225 

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 probability with 

the shape parameter. This selection is necessary to evaluate the shape parameter as the parameter for skewness. The frequency 

analysis starts with the calculation of the annual 7-day minimum streamflow series for each gauge station in order to determine 

the suitable probability distribution that best fits the minimum 7-day low flow in Selangor. Then, four probability distributions, 230 

including the Gamma distribution, Gumbel, Lognormal 2P and Pearson type 3 distribution (PE3) were evaluated to determine 

which distribution most appropriately fits the low flow data. The Kolmogorov–Smirnov (K-S) test and ranking method were 

used to determine the best fitting distributions. After choosing the optimum probability distribution, it is important to estimate 

the return values 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 minimising and mitigating the risk of drought in future. Four 235 

scores ranging 1 to 4 represent the ranking of distributions in fitting the data, were assigned to each station, where score 1 

indicated the best while score 4 indicated the worst. The summation of scores shows the suitability of distribution such that 

the best distribution got the lowest sum of scores. The selected regional probability distribution function was then used to 

calculate the annual 7-day minimum discharge series with a 1-, 2.3-, 5-, 10-, 25-, 50-, and 100-year return period. The 7-day 
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minimum with a 10-year return period (7Q10) was used to derive the minimum storage-draft rate required for all stations 240 

(Section 3.3). 

 

The probabilistic behaviour was analysed using four probability distribution functions (PDFs), widely used in extreme value 

analysis (Joshi and St-Hilaire, 2013; Zaidman et al., 2003). Then, probability distribution functions were fitted with their 

parameters estimated using the method of maximum likelihood estimation (Assefa and Moges, 2018). Goodness-of-fit was 245 

determined by the Kolmogorov–Smirnov test. Here, a 95% confidence level was accepted to reject or accept a non-reject 

hypothesis, based on D-value. The graphical illustration of probability plot is described as the ith-order statistic of the sample, 

y(i), as a function of a plotting position, which is simply a measure of the non-exceedance probability related to the ith-order 

statistic from the assumed standardised distribution (Sharma and Panu, 2015). The rth-order statistic is 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. According 250 

to Koteia et al. (2016), the plotting position of low flow, P, can be obtained using the Weibull formula given by Eq. (10) 

(Koteia et al., 2016): 

𝑃 = 7
(8%&)

 ,            (10) 

where, P = The probability of low flow; m = the ranking, from highest to lowest, of mean annual minimum flow; and N = the 

total number of the mean annual minimum flow. The probability selection is made following the shape parameter. This is 255 

because it is possible to represent the shape parameter as the parameter for skewness. For each distribution, Table 2 provides 

the functions of probability density. For this study, the method of maximum likelihood is used for parameter estimation. The 

likelihood function is defined in Eq. (11): 

𝑙(𝜃|	𝑥&, 𝑥9, … , 𝑥8) = ∏ 𝑓(𝑥":	𝜃&, 𝜃9, … . , 𝜃8)#
"$&  ,        (11) 

Once the parameters are estimated, the selected distributions will be tested for the assumption that the observed data is actually 260 

from the fitted distribution of probability. The Kolmogorov-Smirnov (KS) test has been used to determine the largest 

discrepancy between the theoretical (Fn(xi)) and empirical (F0(xi)) cumulative distribution functions. The KS test obtains a D-

statistic; the maximum vertical is given by Eq. (12): 

𝐷 = max	(|𝐹#(𝑥")– 𝐹3(𝑥")|) ,          (12) 

Where r is the rank of the observation, i, in ascending order, the smaller D-values imply a better fit of the streamflow series to 265 

the selected probability distribution. If D was higher than the critical value (α = 0.05), the distribution was rejected. After the 

probability calculations, P, and subsequent returns period the low flow, T, the low flow rate variation will be plotted against 

the return period, T on the semi-log graph. With this graph, the specific magnitude of a specified period can be determined 

(Erfen et al., 2015; Gottschalk et al., 2013). The return period in a univariate setting is described in Eq. (13): 

 𝑇	 = 	1 (1 − 𝑃)⁄ 	,           (13) 270 
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Where, T = the return period (year); P = the non-exceedance probability.   

3.3 Minimum storage-draft rate method 

The water supply or inflow is depending on low flow characteristics in the stream. If the inflow rate is lower than the outflow 

(demand) rate, the cumulative difference between supply and demand volume is the maximum amount of water drawn from 

storage during the dry season. In channel storage, the function of both outflow and inflow discharge can be considered under 275 

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 between the mass curve of water supply and demand. Thus, the storage required can be 

expressed as per Eq. (14): 

𝑆	 = 	𝑀𝑎𝑥𝑖𝑚𝑢𝑚	𝑜𝑓	(𝛴𝑉: − 	𝛴𝑉()	,          (14) 280 

Where, VD = Demand Volume; VS = Supply volume. 

 

The minimum storage draft rate was determined by using the mass curve of low flow at a monthly interval (Bharali, 2015). 

Although specific evaluation of storage requirements 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) determined the capacity 285 

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 monthly of record. This approach 

is limited to draft-rates that can be sustained by the streamflow available in any one month; that is, by within-a-year of storage. 290 

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 

by within-a-year of storage. The estimation of the storage draft-rate in this study will determine 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 295 

mass-curve analysis of low flow for the duration of January to December was plotted against duration for recurrence interval 

of 10-year from 10 years return period in Table 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 intercept 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 300 

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 Figure 3. 
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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 305 

fixed threshold level. The selection of the threshold level is influenced by the study objective, region, and available data. The 

threshold level method can easily obtain the start and the end times of 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 available daily streamflow and identified as perennial rivers with river flow having continuous 

flow. 310 

 

The low flow value was obtained from the flow duration curve at 90th percentiles. Flow Duration Curve (FDC) describes the 

ratio of a specified percentage of time with discharge being equal to or surpassed (Croker et al., 2003; Mohamoud, 2008; Vogel 

and Fennessey, 1994), which reflects the relationship between streamflow magnitude and the length of time that relates to the 

average percentage of time of a specific flow is exceeded (Sung and Chung, 2014). The FDC was developed by arranging 315 

streamflow values in decreasing 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 equal to or exceeded (probability of excess) when calculated using the relationship in Eq. (9) (Awass, 

2009; Koteia et al., 2016; Yahiaoui, 2019): 

𝑃	 = 	 [𝑟/(𝑛 + 1)]	𝑋	100,           (9) 320 

where, P = the percentage of time a given flow is equalled or exceeded; n = the total number of records; r = the rank of the 

flow magnitude. Kannan et al. (2018) indicated the flow duration curve could be divided into five zones, representing high 

flows (0-10%), humid conditions (10-40%), medium-range flows (40-60%), dry conditions (60-90%), and low flows (90-

100%). The selection of percentile will strongly condition the classification and evaluation of extreme low-flow events. The 

magnitude of drought characteristics was determined by the threshold value and difference in value between the time series. 325 

When compared to the use of standardised drought indices, 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 and terminates when the flow exceeds the threshold level. The duration, total deficit which is the sum 

of the deficits, and magnitude 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 detected (Van Loon and Van Lanen, 2013). In order 330 

to deal with this problem, pooling procedures such as moving average, inter-event time criterion and inter-event time and 

volume criterion were frequently used (Sung and Chung, 2014). According to the study by Sakke et al. (2017), to eliminate 

the minor drought events, the events that have occurrence of less than 15 days will be excluded while the mutually dependable 

events were also eliminated by the pooling procedure (Sakke et al., 2016b). In this paper, the 7-day moving average was 

applied as a pooling procedure to obtain smooth data. Through these methods, the mutually dependent drought events will 335 
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combine into individual 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 stations will be analysed in three aspects, which are mean annual low 

flow and the probability of occurrence, drought characteristics using the threshold level and the estimation of storage draft rate 340 

of the river. Statistical characteristics were calculated from the observed 40 years daily streamflow time series: the mean, 

minimum, and maximum; standard deviation, skewness, and kurtosis for each station (Table 3). 

4.1 Streamflow trend analysis 

Annual streamflow series trend analysis presents the overall view of the shift in systems of streamflow (Assefa and Moges, 

2018). The Mann-Kendall test, Sen’s slope, relative change within 40 years, maximum cumulative sum (CUSUM) with the 345 

year of change point and their value of p using Pettitt test are displayed in Table 4. In 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 trend slope was carried out using the Sen's slope estimator, where an upward 

(downward) streamflow trend is indicated by a trend slope greater (less) than zero. In order to compute the trends of annual 350 

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 of 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. This variability resulted from several factors, due to potential human 355 

intervention or change in environment at regional bases. In the S03 and S06 stations, there could be several factors for 

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). 

 360 

The accuracy of the results of data analysis is of crucial importance in the trend analysis studies, especially on the discharges 

of any stream. The majority of station trends on the main and secondary branches of the basin reflected good consistency in 

this analysis. Two main rivers, however, demonstrate 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, link 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 365 

S04 are located on the same stream, but the trends at station S04 are not in the same direction. Stations S01, S02 and S03 have 
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a significantly increasing trend while station S04 shows no significant downward streamflow trend, caused by the disruption 

in the river regime, such as the construction of a Langat Dam, 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 sequence, the 370 

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 = 0.0004. Some stations show signs of change point at a significance level of 5% while the 

others do not. The prediction of process changes and trend generation are well indicated using CUSUM charts. This analysis 

shows a change point that can be seen in the year of 1996, with a confidence interval setting of 95%, and the p-value of 0.1215 

for station S01. The change point occurred in 2005 twice for station S05 and S07 in Selangor state. The major changes in the 375 

annual streamflow observed revealed that the presence of rapidly increasing 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 new implementation of several projects by the state government such as the construction of feeder canal for 

agricultural and repairing of the collapsed stretch of the riverbank caused the widening the river channel.  

 380 

For the mean annual streamflow at the gauging stations, five stations indicated an upward trend, and two stations indicated a 

downward trend for a 40 years’ data. The interpretations of trend analysis for relatively partial streamflow 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 condition. 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 385 

implies that there is an impact of rapidly increasing industrial activities in the basin as well as a change in the pattern of land 

use induced by the effect of streamflow patterns in the basin. This study is very useful in interpreting climate change scenarios 

and is focused on the revealed characteristics of regional-level hydrological variables. 

 

The anthropogenic has taken place in transformations of water surface such as the construction of reservoirs, trans-basin 390 

diversion project, crop irrigation, urban water supply or drainage, and urbanisation. There are three strategic dams in the study 

area. Those are Langat Dam in S02, Semenyih Dam in S03 and Sungai Selangor Dam in S05. All dams are functional for 

domestic and industrial freshwater supply. Whereas, the Langat Dam is only used as a power supply generator for the Langat 

Valley consumption. A study by Shaaban and Low (2003) showed that drought events reduced 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 395 

from this analysis. 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. 
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Streamflow variability due to potential human intervention or climate change is important for regional water supply planning 400 

and management. Knowledge of streamflow variability 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 observations 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 405 

assess the impact of climate change. The streamflow trend can estimate future water availability to maintain and sustain 

ecosystem functions. Moreover, streamflow trend analysis can also be used to predict any change in river flows for making 

water withdrawal decisions, which indirectly could improve drought management response. 

4.2 Low flow frequency analysis 

Frequency analysis has focused on fitting a theoretical probability distribution function to the observed data and providing low 410 

flow estimates for any given return period. For each station, annual minimum streamflow was plotted using all the distributions. 

The goodness of fit was performed using Kolmogorov-Smirnov. All the PDFs were ranked for streamflow at each station. 

Ranks, according to this three goodness of fit, 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. Figure 4 shows the example probability of mean annual minimum flow for station 1. The estimated parameters were 415 

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 hydrological drought, while the geographical station location and the surrounding 

environmental factors for the variation of streamflow. Table 6 shows the best-fit results of the K-S test and P-value results 

with their ranking. 

 420 

The purpose of the probability distribution fitting is to represent the low flow probability most accurately. Among all stations, 

it was found that among all distributions, the Lognormal 2P yielded the most cases of best-fit distributions, while the Gumbel 

and Gamma yielded the second and third amount 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 3-parameters in the probability distribution 425 

functions are more advantageous to fit the 7-day low flow sequences better. However, in Selangor region, 2-parameter is more 

suitable which optimally fits to a 7-day mean annual minimum flow verified in the studies of Granemann et al. (2018) and 

Lelis et al. (2020). When the best fit probability distribution of the low flow series of the 7-day has been determined, the low 

flow discharge of the 7-day can be estimated according to any given return period. It should be noted that the research is station 

dependent on this analysis. Table 7 shows the return period of low flow at all streamflow stations. The 7-day mean annual 430 

minimum for recurrence interval of 10-year (Table 7) was used in the determination of minimum storage draft-rate for each 

station. 
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A catchment with a slow or quick response to rainfall intensity 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 435 

respond slowly. Low flow in catchments that respond slowly is more persistent than in catchments that respond quickly. These 

differences demonstrate the significant 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 smallest range is in S01. The boxplot graph provides information about the shape of a data set. S01, S02, and 

S04 are skewed right; S03, S05, and S06 are symmetrically shape data, and S07 is skewed left. From the discussions above, it 440 

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 minimum storage draft-rate 

This study focused on the minimum surface water storage required based on the records from the hydrological stations in the 

Selangor state for the 1978 to 2017 period. Hydrological drought is a recurring phenomenon of water shortage that incorporates 445 

the storage of surface and subsurface water under the effects of climate change and human activity (Schwalm et al., 2017). 

The water storage required for all stations is based on their respective monthly streamflow discharge. A graph of cumulative 

streamflow draft-rate versus a specific historical timeline is plotted to find out the storage required of each station. Figure 6 

shows the mass curve analysis for the determination of minimum storage-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.  450 

 

The minimum storage required for maintaining a draft rate required for S01 is 21.51 m3/s in October, S02 is 13.37 m3/s in 

December, S03 is 4.79 m3/s in December. The minimum storage required for S04 is 2.32 m3/s in October for a 40 years’ 

duration period; S05 is 15.00 m3/s in September. While, the minimum storage required to maintain the draft rate for S06 is 

10.90 m3/s in October, and lastly, for S07 is 6.17 m3/s in September. The result shows the water storage for all stations did not 455 

meet the corresponding water required, while stations S05 and S07 correspond to the required expectation for August to 

October. This result reveals that the September to December period is a critical duration in river water storage to sustain the 

water availability during low flow in a 10-year occurrence interval. This finding is justified by Selangor state located at the 

west coast of Peninsular Malaysia which is affected by two main monsoon seasons and two inter-monsoon seasons with 

October and January being relatively dry months (Hazir et al., 2020). However, there is not enough water storage starting 460 

September for station S05 and S07.  

 

Low flow and surface water storage assessment is a critical issue for understanding the global water cycle, which is recognised 

to be of significant importance on a regional and global scale for the monitor of water resources. Correspondingly, this analysis 

provides important scientific data on the minimum storage required for river systems. Sufficient water storage during critical 465 
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dry periods is largely dependent on the adequacy and efficiency of water supplies from surface water resources. This surface 

water storage faces many challenges, which could lead to a decrease in their optimum yields and eventually leading to an 

inadequate supply of water over the next ten (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. 470 

4.4 Hydrological drought characteristics analysis 

The threshold level value per 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 where the streamflow 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 improvement on a global scale has some necessary implications for water management. It 475 

is recognised, for example, that the duration and the volume of the deficit of the drought are associated (Fleig et al., 2006). 

Figure 4 to 7 show the drought characteristics below the threshold level (Q90), with the minor 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 days of drought, with a total deficit 480 

of 10,299.97 m3/s. The lowest deficit was recorded in 1994 at 41.53 m3/s, while the highest deficit was recorded in 1986 at 

666.58 m3/s. The average amount of water deficit was 264.10 m3/s. 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 individual drought was recorded in 2014 

at 112 days from March 05 to June 24. The shortest period of a single drought was 15 days, 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 drought events in 40 years. The 485 

total duration of the drought events was recorded to be 1,261 days from the 14,610 days of total observation, which was only 

8.63% of the entire record period and was below the threshold level Q90 = 2.99 m3/s. The overall deficit for this station was 

2,340 m3/s, with an average of 80.70 m3/s. The lowest deficit was in 1993 at 34.44 m3/s, while the highest deficit was recorded 

in 1986 with 179.73 m3/s. The overall total deficit was 1.57% of the total water flow. 

 490 

The threshold level of S03 was 1.47 m3/s at an average level with 12 episodes of drought events. The total number of the 

occurrence of drought was 1,577 days, which was 10.79% of the overall record of observation. S03 has the lowest record 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 days commencing on February 24 and ending on 

October 22. S03 also recorded the lowest deficit amount amongst all stations with 1,660 m3/s during the period of drought. 495 

This total was 2.2% of the total water flow through this station, which was 75,562 m3/s. The highest deficit was recorded in 

1998 with a total of 226 m3/s over 241 days. The lowest deficit was recorded in the dry season in 1997, with only 21.57 m3/s 

within 20 days. Station S04 has 28 episodes of drought occurring in 40 years of records. The most prolonged period of 
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individual and annual drought was recorded in 2004 by 306 days. The shortest period was 15 days in 1999. The number of 

drought events exceeding the number of years of drought was due to repeated events occurring 18 times with a maximum of 500 

four (4) replications in one (1) year. The total number of days of the occurrence of this drought was 1,460 days, which is 9.99% 

of the total daily flow data. The overall deficit of 28 drought events was 673.54 m3/s. The lowest total deficit was recorded in 

1983 as much as 7 m3/s, while the highest deficit was recorded in 2004 with 131.27 m3/s. The average amount of total deficit 

was 24.06 m3/s. 

 505 

Station S05 has been categorised as the most critical station with the highest number of days of droughts events. The longest 

annual drought event was recorded in 1998 with 217 days, and for individual drought events, this occurred in 1999 with a 

period of 111 days. Using the threshold level at Q90 = 21.52 m3/s, 1,236 days (10%) of the total are below the threshold level 

categorised as drought. Repeated drought events were recorded in 1978, 1979, 1986, 1987, 1990, 1998, 2000 and 2002. The 

drought episode was seen most repetitive in 1998 with four (4) repetitions a year. The total magnitude deficit of the entire river 510 

water stream during the occurrence is 18,695.45 m3/s. The value of minimum storage rate at 67.36 m3/s exceeds the amount 

of low flow rate at 35.61 m3/s that will occur at a return period of 50-year. Station S06 shows the drought episodes were seen 

in succession from 2011 to 2017 and 2016 recorded the highest drought events with four (4) replay events. The year 2014 

recorded the most extended individual drought episode of 177 days, and the longest annual drought came in 2013 with 372 

days. S06 recorded a total deficit of 3,847 m3/s. The year 2012 recorded the highest deficit of 496.13 m3/s while 1989 recorded 515 

the lowest deficit with only 54.19 m3/s. The average deficit was 113.16 m3/s, 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 days, while the shortest period in 1971, 1987, 2000, and 2016 with a period of 15 520 

days. The most prolonged period of individual drought events with 205 days occurred in the same year in 2005. The total 

drought days at this station was 1,614 days, which was 11.05% of the total days. S07 recorded a deficit of 21,740 m3/s during 

the drought episode, and this percentage 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 1,445 m3/s, which was 

recorded in the drought events in 1990, while the lowest deficit was in 1983 with a total of 161.32 m3/s. 525 

 

From the results, S01 exhibits the highest number of drought events, at 39 episodes, with the mean deficit being 264.10 m3/s. 

This station is located downstream of the Langat basin. It indicates the downstream watershed catchment has more drought 

episodes compared to the upstream catchment. Magnitudes differ significantly between catchments since there were also varied 

specific hydrological characteristics, such as station spatial distribution, precipitation and temperature magnitudes, and 530 

frequency of extreme events like drought. 
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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 important to note that the Q90 threshold merely identifies low flows accounted 

for catchments regular flow, especially in this study area. Therefore, the Q90 threshold does not necessarily imply a situation 535 

where functions in nature are affected. 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 represented. 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 different characteristics of hydrological droughts. The threshold level method should be used for more 

detailed deficits and in-depth study. Complex indices would be most useful to verify results in regional studies. While 540 

streamflow changes are mainly influenced by rainfall variability, the occurrence of low flow conditions is also likely to be a 

function 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 consistent flow 

from stored sources. However, catchments dependent on stored water are becoming increasingly vulnerable in a prolonged or 545 

multi-year drought as depletion in groundwater storage begins to affect baseflow levels. Thus, even after 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 catchment to another. Some catchments, with little or insignificant storage, have a very rapid response 550 

to rainfall and are known as flashy catchments. 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 storage. Selangor State 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 Malaysia Peninsular. 

Drought in Selangor is therefore not a very frequent event. However, not to forget, droughts events occurred in the past: 1986, 555 

1994, 1997, 1998, 2003 and 2004 for all stations. This pattern justified the El Nino events that largely influence the climate 

variability over Malaysia, especially the Selangor state (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 Conclusion 560 

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 100% confidence interval and implies that there is an influence of fast-growing industrial activities in 
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the basin and there is also a change in land use pattern, which is caused by the effect of streamflow trends in the basin. This 565 

finding has important implications for water resources management, which will affect future developments in Selangor. The 

impact of serial and spatial correlation on the trends needs to be investigated. Further study in streamflow trends needs to be 

carried out, such as the prediction or modelling in the forecasting of streamflow trends. 

 

Low flow analysis is an essential and widely studied design and management of hydrology and water resources. Varying and 570 

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-day low flow values, first, the 7-day mean annual minimum streamflow series for each 

gauge was computed. Then, four probability distributions, including the Gamma distribution, Gumbel, Lognormal 2P and 

Pearson type 3 distribution (PE3) were evaluated to determine the distribution that most appropriately fits the low flow data. 575 

The Kolmogorov–Smirnov (K-S) test and ranking method were used to determine the best fitting distributions. Based on the 

result, Lognormal 2P distribution 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 estimated. 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 

mitigating the drought hazard in future. Their parameters define distributions of probability, hence, to better understand the 580 

theoretical probability distribution method, it is necessary to fully understand the principles underlying parameter estimation 

for established theoretical frequency distributions. From the result, the range indicated that the low flow of rivers in Selangor 

was between 0.75 to 19.47 m3/s. The 7-day mean annual minimum for recurrence interval of 10-year was used in the 

determination of minimum storage draft-rate for each station. 

 585 

The draft-rate of low flow at the recurrence interval of 10-year from low flow frequency analysis using Lognormal 2P was 

used to ensure the minimum storage draft-rate required to sustain the water demand during low flow periods. The restructuring 

of minimum storage draft rate must be carried out by hydrologist at a particular return period to ensure 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 demand during low flow at specific return 590 

periods, which is a 10-year recurrence interval for this research. This result reveals that September to December is a critical 

period in river water storage to sustain the water availability during low flow in 10-year occurrence interval. The storage of 

river water faces several problems that may lead to a decrease in its sustainable yields and even to an inadequate supply of 

freshwater over the next ten (10) years. 

 595 

Hydrological drought is a phenomenon of water shortage when the water supply is below the average level. This study 

developed a sound principle of using threshold level methods to describe the characteristics of streamflow droughts. However, 
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the threshold selection should be further analysed because 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 separate 600 

the occurrence of droughts 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 analysed from time-series below a threshold level (Q90) with 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. 605 

3) The highest drought events are 39 episodes with a mean volume of the deficit being 557.46 m3/s while the lowest events 

of drought were ten (10) episodes with the mean volume of the deficit being 127.71 m3/s. 

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. 

 610 

This research is essential to water resources management. Low flow analysis and water availability enable water resource 

management to make more realistic decisions on water restrictions and provisions for cities and populations. Understanding 

the concept of low flow and the predictive significance of river minimum storage draft-rate required can also help in managing 

sustainable water catchment. This study also helps in emphasising the natural flow of water to provide water supply for 

continuous use during low flow. Additionally, through this research, the concept of low flow analysis, hydrological drought 615 

using threshold level and the predictive significance of minimum storage draft rate can be developed to produce more efficient 

water resource management systems during the dry season in Selangor, Malaysia. 
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Figure 

 

 810 
Figure 1: River basin and streamflow station in Selangor. 
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Figure 2: Summary of methodology framework. 
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Figure 3. Minimum storage required using mass curve analysis 
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Figure 4: Probability of mean annual minimum flow for station 1. 820 

 
Figure 5: The boxplot low flow per watershed catchment area. 
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Figure 6: Minimum storage draft rate with cumulative 50% mean flow (a) S01 (b) S02 (c) S03 (d) S04 (e) S05 (f) S06 (g) S07. 
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Figure 7: Number of drought events. 

 

  830 
Figure 8: The number of drought duration (days). 
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  835 
Figure 9: The drought deficit for all station. 

 

 
Figure 10: Time series of annual maximum deficit (m3/s).  
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Table 1 The characteristics of streamflow gauging stations in Selangor. 

Station No. River Name River Basin 
Location 

Coordinate (WGS) 

Area 

(km2) 

Affected by 

Reservoir 

S01 Langat-Dengkil Langat 02°51'20'' N 101°40'55'' E 1240 No 

S02 Langat-Kajang Langat 02°59'40'' N 101°47'10'' E 380 Yes 

S03 Semenyih Langat 02°54'55'' N 101°49'25'' E 225 Yes 

S04 Lui Langat 03°10'25'' N 101°52'20'' E 68 No 

S05 Selangor Selangor 03°24'10" N 101°26'35" E 1450 Yes 

S06 Bernam- Tg. Malim Bernam 03°40'45" N 101°31'20" E 186 No 

S07 Bernam-JAM SKC Bernam 03°48'15" N 101°21'50" E 1090 No 

 
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

𝜞(𝜶) 𝒆𝒙𝒑	(
−𝒙
𝜷 ) 

α > 0, β > 0, x > 0, where α is the location parameter, 

and β is the scale parameter 

(Baran-Gurgul, 2018) 

2 Gumbel 𝑭𝒙(𝒙) = 𝒆𝒙𝒑 j𝒆𝒙𝒑k
𝒙 − 𝜷
𝜶 lm 

-∞ < x < ∞; -∞ < β < ∞; α > 0. The α and β 

parameters are parameters of scale and location. 

(Zou et al., 2018) 

3 Lognormal 

2P 
𝒇𝒙(𝒙) = 	

𝟏
o𝟐𝝅𝜷𝟐𝒙 𝒆

'(𝐥𝐧 𝒙'	𝜶)
𝟐

𝟐𝜷𝟐  

x > 0, α > 0, β > 0. 

(Win and Win, 2014) 

4 Pearson type-

3 (PE3) 
𝒇𝒙(𝒙) = 	

𝝀𝜷(𝒙 − 𝜺)𝜷'𝟏𝒆'𝝀(𝒙'𝜺)

𝜞(𝜷)  

x ≥ ɛ. 

(Bhatti et al., 2019) 
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Table 3 The statistical analysis for time series of streamflow (1978 - 2017). 

Station No. Mean Flow (m3/s) 
Minimum Flow 

(m3/s) 

Maximum Flow 

(m3/s) 
Standard Deviation Skewness Kurtosis 

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 

 
Table 4 Trend analysis for time series period. 850 

Station 
Record 

Length 

Mann-

Kendall 

Sen’s 

Slope 

Relative Change 

Within the Record 

(%) 

Maximum 

Cumulative 

Sum  

Change 

Point 

(Year) 

Value of p 

(Pettitt’s 

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: For Mann-Kendall and Sen’s slope, the positive values mean the increasing trends and the negative ones mean the 

decreasing trends 
 

  



35 
 

Table 5 Estimated parameters for the Gamma, Gumbel, Lognormal 2P and Pearson type 3 distributions. 855 

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

Station Distribution KS test statistics P-Value 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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Table 7 The return period of low flow at all streamflow stations. 

Station No. 
Low Flow at Return Period (m3/s) 

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