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ABSTRACT 
 
 
The long memory process in a hydrological time series refers to considerable 
correlation and dependence between all data in a long time span of observations. 
Studies of long memory have been attempted in various fields of application such as 
in financial time series, meteorological time series and hydrological time series.  
 
This research is carried out to investigate the presence of long memory process in 
hydrological time series, and to estimate the parameter d that is the long memory 
parameter (or fractional differencing parameter), in order to generate the synthetic 
hydrological time series. The presence of long memory in hydrologic data as 
detected by Hurst (1951) has enhanced the various estimations and procedures of 
developing models until today. The presence of long memory process can be 
characterized in several ways: from autocorrelation structure plots (ACF) and the 
classical rescaled range (R/S) analysis (also known as the heuristic method); or by 
statistical tests of long memory such as Lo’s modified R/S Statistic and GPH 
(Geweke and Porter-Hudak) Test (also known as the statistical method). The long 
memory parameter d can be estimated by using R/S analysis and Periodogram 
method. The analysis of long memory process includes detrending, normalization, 
deseasonalizing of time series and transformation of data.  
 
In this study, some fundamental properties of long memory that are present in the 
hydrological time series are presented and have been applied to the daily streamflow 
time series using Autoregressive Fractional Integrated Moving Average models 
(ARFIMA) for the purpose of modelling. The class of ARFIMA models introduced 
by Granger and Joyeux (1980) and Hosking (1981) provides a convenient model for 
modelling long-term time series data. The synthetic hydrological time series are then 
generated by incorporating fractional differencing d. The comparison between the 
original and synthetic data is made where the statistical characteristics of the series 
are observed and compared.  
 
The streamflow series of Sungai Selangor, Sungai Linggi and Sungai Johor were 
chosen for the research. Several important aspects of stochasticity are discussed 
namely, trend analysis, normality, seasonality, autocorrelation and lastly long 
memory process. From R/S analysis and Periodogram method, the parameter of d 
obtained are 0.3601, 0.3597, 0.3605 and 0.3983, 0.3753, 0.3157 for each Sungai 
Selangor, Sungai Linggi and Sungai Johor.  The parameter of d obtained is in the 
range of 0 < d < 0.5 for all streamflow and this shows that the long memory process 
is present. This statement is supported by the statistical evidence where the test 
statistics for each streamflow was significant at 1% level of confidence to reject null 
hypothesis of no long memory.  
 
The significance of the existence of long memory in the hydrological time series 
cannot be neglected. The model of long memory process in hydrology is useful for 
simulating a synthetic series of observations in order to study water resources 
management procedures and allows one to plan and test the water resources 
management with respect to many different hydrological scenarios. 
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CHAPTER ONE 

 

 

INTRODUCTION 
 

 

 

1.1 Background of Research 

 

 

Studies related to the streamflow process are important part of hydrological studies. 

This study is not just associated to the global environmental issues that arise 

nowadays but is included in the branch of streamflow modelling. Streamflow 

modelling has been extensively studied by the researcher since a decade ago for its 

potential in providing conceptual justifications for streamflow and predicting the 

future behavior or properties of streamflow. 

 

 

The study of the streamflow process has been improved by the discovery of an 

important part of analysis known as the long memory (or persistent) process. The 

long memory process is a term that is not only used in the hydrological time series 

but also in financial and other fields of application. In the long memory process, the 

term known as the degree of differencing ‘d ‘is the interesting coefficient to be 

discovered. The reason is that the degree of differencing in the class of the 

autoregressive integrated moving average (ARIMA) time series plays an important 

role in the mobilization of the time series model. In the modelling process, d is used 

to formulate an ARFIMA model.  

 

 

The significance of d in the time series, in fact, plays an important role in terms of 

accuracy, compatibility, and mobility especially when used for modelling purposes 


	There are some assumptions in time series analysis to be made:
	i) Stationarity is a critical assumption of time series analysis, stipulating that statistical descriptors of the time series are invariant for different ranges of the series. Weak stationarity assumes only that the mean and variance are invariant. St...
	ii) Uncorrelated random error: Residuals in a good time series model will be randomly distributed, exhibit a normal distribution, have non-significant autocorrelations and partial autocorrelations, and have a mean of 0 and homogeneity of variance over...
	iii) No outliers. As in other forms of regression, outliers may affect conclusions strongly and misleadingly.
	[10] Chen, H. L., and Rao, A. R. (2003). Testing Hydrologic Time Series for Stationarity. J. Hydrologic Engrg., 8, 5, 298-299.




