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Preface

In the 21st century, the entire world is suffering from freshwater scarcity due
to the ever-increasing water demand in different sectors, worldwide population
growth and increasing pollution of vital freshwater resources. Therefore,
efficient planning and management of water resources is of utmost importance
to ensure sustainable development on the earth. Statistical analyses of
hydrologic time series play a central role in the planning and management of
water resources. In fact, statistical analyses of every hydrologic time series
must always be carried out for determining fundamental time series
characteristics, i.e. normality, homogeneity, stationarity, presence of trends
and shifts, periodicity, persistence and stochastic component. However, such
a practice is currently missing among the hydrologists and hydrogeologists.
As a result, hydrologic time series analysis has received less attention even in
the era of information technology, especially in developing countries. A
comprehensive review of literature by the authors revealed that the past studies
on time series analysis mostly focus on a specific time series characteristic
only and that the current application domain of time series is limited. Based
on the research experience of the authors, it was found that a suitable book
dealing with both theory and application of time series analysis techniques is
lacking, particularly in the field of water resources engineering. Therefore,
many hydrologists and hydrogeologists face difficulties in adopting time series
analysis as one of the tools for their research. Thus, there is a need to have a
book with a proper blend of theoretical and practical aspects of time series
analysis, and its use in the field of water resources engineering.

The present book is an attempt to fill the above gap by providing adequate
theoretical background as well as practical applications of various tools/
techniques for analyzing time series data. This book is divided into two parts:
Part I describes theoretical aspects of tools/techniques available for time series
analysis, and Part II presents applications of various time series tests through
selected case studies. Chapter 1 deals with an overview of water problems and
challenges, fundamentals of time series analysis, and the significance of time
series analysis in hydrology. Chapters 2 to 6 constitute Part I, which present



an overview of time series characteristics in hydrology/water resources
engineering, statistical measures for summarizing time series data and
evaluating system performance, methods for checking the normality of time
series data, theoretical details of 31 available statistical tests along with detailed
procedures for applying them to real-world time series data, theory and
methodology of stochastic modelling, and current status of time series analysis
in hydrological sciences. Chapters 7 to 12 constitute Part II, which demonstrate
the application of most time series tests through a case study in India (authors’
own work) and present a comparative evaluation of various time series tests
(also authors’ own work). In addition, four invited case studies are included as
Chapters 9, 10, 11 and 12 from India and abroad (USA, Canada and South
Africa). The contributors of the invited case studies were chosen based on
their proven knowledge in the specific area of their contribution and these
chapters were meticulously reviewed and edited by the authors. Thus, Chapters
9, 10, 11 and 12 have been revised at least twice.

This book will not only serve as a textbook for the students and teachers
of water resources engineering field but will also solve the purpose of reference
book to educate researchers/scientists about the theory and practice of time
series analyses in hydrological sciences. This book will be very useful to a
wide range of students, researchers, teachers and professionals such as
undergraduate and postgraduate students, teachers and researchers of civil,
environmental, agricultural and ecological engineering fields as well as to the
practising hydrologists and hydrogeologists.

Deepesh Machiwal
Madan Kumar Jha

vi Preface
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1
Introduction

1.1 Water Problems and Challenges: An Overview

Water is the most precious resource of the earth because no life is possible
without water. It is essential for the survival and livelihood of every human.
It also regulates ecosystems, grows our food and powers our industry. Hardly
any economic activity can be sustained without water. Undoubtedly, water
plays a vital role in our life. Different dimensions of water functions in society
and nature are (Falkenmark and Rockstrom, 2004): (i) water as life-support
and hence as a basic need and as a human and animal right; (ii) water as an
economic commodity in some uses; (iii) water as an integral part of ecosystem
(sustaining it and being sustained by it); (iv) water as a sacred resource; and
(v) water as an inevitable component of cultures and civilizations. Thus, water
is the key resource for the human/animal health, socio-economic development,
and the survival of earth’s ecosystems. On the other hand, natural ecosystems
also play a crucial role in the availability and quality of water through their
purifying and regulating services, thereby sustaining human development on
the earth. In other words, water has social, economic and environmental
values and is essential for sustainable development (Falkenmark and
Rockstrom, 2004; UNESCO, 2003, 2009). In contrast with many other vital
resources of the earth, there is no substitute for water in most activities and
processes where it is needed!

At present, about 10% of the world’s freshwater supplies are used for
maintaining health and sanitation, whereas agriculture accounts for about
70% and industries about 20% of the world’s freshwater supplies (Shiklomanov,
1997; Shiklomanov and Rodda, 2003). Food production is the most water-
intensive sector. It has been estimated that about one litre of liquid water gets
converted to water vapour to produce one calorie of food. Every person is
responsible for consuming 2000 to 5000 litres of water every day depending
on one’s diet and the method of food production, which is far more than 2 to
5 litres we drink every day (Rodriguez and Molden, 2007). A meat-based diet
requires much more water than a vegetarian diet; for example, we need about

DOI 10.1007/978-94-007-1861-6_1, © Capital Publishing Company 2012 
1D. Machiwel and M.K. Jha, Hydrologic Time Series Analysis,



2 Hydrologic Time Series Analysis

1000 litres of water to produce one kilogram of wheat, whereas we need about
5000 to 13,500 litres of water to produce one kilogram of meat. The demand
for water is gradually increasing with growing population as well as rapid
urbanization and industrialization in different parts of the world (Postel, 1998;
Shiklomanov and Rodda, 2003; UNESCO, 2003, 2009; Grafton and Hussey,
2011). As a result, water demand is surpassing the available freshwater resource.
On top of it, in future, more people will need more water not only for food and
sanitation but also for fibre, livestock and industrial crops (bio-energy).

Unfortunately, the excessive use and continued mismanagement of
freshwater resources for human development (to supply ever-increasing water
demands for food, feed, fibre and fuel) have led to water shortages, increasing
pollution of freshwater, loss of biodiversity, and degraded ecosystems across
the world (e.g., Postel, 1998; de Villiers, 2001; Steffen et al., 2002; UNESCO,
2003; UN Water, 2007; Vörösmarty et al., 2010; Grafton and Hussey, 2011).
As a result, freshwater scarcity has emerged as one of the most pressing
problems in the 21st century. According to Molden (2007), one in three people
at present face water shortages, around 1.2 billion people (almost one-fifth of
the world’s population) live in areas of ‘physical water scarcity’ (i.e., where
the available water resources cannot meet the demands of the population), and
500 million people are approaching this situation. Another 1.6 billion people
(almost one quarter of the world’s population) face ‘economic water scarcity’
(i.e., where countries lack the necessary infrastructure to harness water from
rivers and aquifers). Furthermore, about 2.5 billion people lack adequate
sanitation, and 884 million people are without access to safe water (UNICEF
and WHO, 2008). It has been estimated that half of the population of the
developing world is exposed to polluted sources of water that increase disease
incidence. Between 1991 and 2000, over 665,000 people died in 2557 natural
disasters, of which 90% were water-related disasters and a vast majority of
victims (97%) were from developing countries (IFRC, 2001).

If the present trend continues, based on the widely used Falkenmark
indicator for water scarcity, nearly 1.4 billion people will experience ‘chronic
water scarcity’ (i.e., water supply less than 1000 m3/capita/annum) within the
first 25 years of this century, mostly in semi-arid regions of Asia, North Africa
and Sub-Saharan Africa. Also, 1.8 billion people will be living in countries or
regions with ‘absolute water scarcity’ (i.e., water supply less than 500 m3/
capita/annum), and two thirds of the world’s population could be under ‘water
stress’ (i.e., water supply less than 1700 m3/capita/annum) conditions by 2025
(UN Water, 2007). Urban and industrial water use in the world is projected to
double by 2050. With increasing evidence of unsustainable water use in several
parts of the world, particularly in developing nations, India is under ‘water
stress’ conditions today and will face ‘chronic water scarcity’ by 2025. The
problem of water management in general and water shortages in particular
will worsen in many parts of the world due to global climate change. Higher
temperatures and changes in extreme weather conditions are projected to
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affect the availability and distribution of rainfall, snowmelt, river flows and
groundwater, and deteriorate water quality, which in turn can have severe
impacts on both urban and rural regions of the world (IPCC, 2007). Climate
change is considered as a major challenge to the efficient management of
natural resources and a barrier to the transition from poverty to prosperity
(UNDP, 2007). Thus, in the beginning of the 21st century, we are bound to
face the stark reality that the current patterns of water development and
consumption are not sustainable in several countries of the world. Therefore,
there is an urgent need for widespread realization that freshwater is a finite
and vulnerable resource, which must be used efficiently, equitably and in an
ecologically sound manner for present and future generations to ensure
sustainable development on the earth.

Inadequate water resource systems reflect failures in planning, management
and decision making not only in the water sector but also in other sectors of
society directly or indirectly dependent on water. It is the need of the hour for
scientists/engineers as well as for planners and decision makers to efficiently
plan, develop, operate and manage water resource systems so as to ensure
adequate, cost-effective, good-quality and sustainable supply of water for
humans and nature (Falkenmark and Rockstrom, 2004; Loucks and van Beek,
2005; Grafton and Hussey, 2011). The complex and deep interactions that
have existed between humans and water systems throughout the human history
need to be understood by modern scientists/engineers, planners and decision
makers (Postel and Richter, 2003). It is also essential to recognize that unlike
much basic economic theory, the goods and services provided by ecosystems
are not at all substitutable and ecosystems cannot easily be replaced by
technology (Kaufmann, 1995). At this point in human evolution, it is vital that
people understand the crucial link between human welfare and ecosystem
well-being (Arrow et al., 1995; UNESCO, 2003, 2009), and institutions must
be strengthened to support effective water governance (Walker, 2009). Natural
scientists and social scientists need to work together to better understand
human-environment interactions (IPCC, 2001) as well as to bridge the growing
knowledge gap between water management and ecology. More and more
research is needed to predict how potential ecosystem perturbations may
affect short- and long-term ecosystem functionality. Given the dynamic and
evolving nature of ecosystems, a major technical challenge is quantifying
how much the ability of ecosystems to meet human needs is changing over
time.

Today, one of the biggest challenges is how we can effectively balance
freshwater for human development and ecosystems welfare in achieving equity,
environmental sustainability, and economic efficiency in the face of looming
global climate change. Quantitative analysis using statistical and mathematical
modelling tools as well as modern information technologies such as remote
sensing, GIS, decision support system, expert system, etc. can support and
improve water resources planning and management (Loucks and van Beek,
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2005; Jha and Peiffer, 2006; Jha, 2010). The “think globally, act locally”
slogan of the late 1980s reminds us of our professional attitudes to and scientific
responsibilities for environment (nature) in general and freshwater resources
in particular, which must not be forgotten. Following holistic and
multidisciplinary approaches as well as using modern concepts and tools/
techniques, water scientists and engineers must make sincere and sustained
efforts to improve their understanding about hydrologic/hydrogeologic
processes and their linkage with our ecosystems; thereby improving both the
process and product. It is worth mentioning that the existing tools and
technologies, irrespective of their sophistication, will not eliminate the need
to reach conclusions and make decisions on the basis of incomplete and
uncertain data, and scientific knowledge (Loucks and van Beek, 2005). In
other words, the importance of professional judgement and that of research,
development and education in the planning and management of water resources
must not be undermined amidst increasing popularity and reliance on new/
emerging tools and technologies in the 21st century.

1.2 What is Time Series?

The term time series is defined as “a sequence of values collected over time
on a particular variable” (Haan, 1977). A time series can consist of the values
of a variable observed at discrete times, averaged over a given time interval,
or recorded continuously with time. It may consist of only deterministic events,
only stochastic events, or a combination of deterministic and stochastic events.
Generally, a hydrologic time series is composed of a stochastic component
superimposed on a deterministic component (Haan, 1977; Shahin et al., 1993).
The deterministic component can be classified as a trend, a jump, a periodic
component, or a combination of these (Haan, 1977). The time intervals for
most hydrologic time series are hour, day, week, month, season or year. Data
in business, economics, engineering, environment, medicine, earth sciences,
hydrology, climatology, meteorology and other areas are often collected in the
form of time series. Some examples of the general time series are share prices
on successive days, company profits in successive years, and sales figures in
successive weeks/months/years; while the examples of hydrologic time series
are hourly/daily/monthly/annual temperature (air or water) readings,
precipitation in successive days/weeks/months/years, hourly/daily/monthly/
annual evaporation or evapotranspiration readings, hourly/daily/monthly/annual
soil moisture, hourly/daily/weekly/monthly/annual streamflow or river-stage
readings, hourly/daily/weekly/monthly/annual groundwater-level readings,
hourly/daily/weekly/monthly/annual tide-level readings, daily water
consumption in domestic, industrial or agricultural sectors, etc.

Furthermore, the realization of a process is the outcome of an experiment
in which the process is observed, and hence a single time series is known as
a realization (Shahin et al., 1993). The term ensemble denotes a collection of
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all possible realizations of a process, and it is used in the theory of stochastic
processes and time series analysis in lieu of the well-known statistical term
‘population’ (Haan, 1977; Shahin et al., 1993). The properties of a time series
can be obtained based on a single realization over a time interval or based on
several realizations at a given time. The properties based on a single realization
are known as time average properties, whereas those based on several
realizations at a particular time are known as ensemble properties (Haan,
1977). If the time average properties and the ensemble properties of a time
series are same, the series is said to be ergodic (Haan, 1977). Ergodicity is the
property by which each realization of a given process is a complete and
independent representative of all possible realizations of the process (Shahin
et al., 1993). Thus, the ergodicity allows the scientists/researchers to determine
the statistical properties of a process from a single realization.

1.3 Time Series Analysis

Time series analysis is the investigation of a temporally distributed sequence
of data or the synthesis of a model for prediction wherein time is an independent
variable. Sometimes, time is not actually used to predict the magnitude of a
random variable such as peak runoff rate, but the data are ordered by time.
The main intent of time series analysis is to detect and describe quantitatively
each of the generating processes underlying a given sequence of observations
(Shahin et al., 1993). Hydrologic time series are analyzed for several reasons.
The main reason as reported in the literature is to detect a trend due to another
random hydrologic variable. Secondly, time series may be analyzed to develop
and calibrate a model that would describe the time-dependent characteristics
of a hydrologic variable. Thirdly, time series models may be used to predict
future values of a time-dependent variable. Besides the time-dependent data
series, there are space-dependent data series of hydrologic systems, which are
known as ‘spatial data series’. Thus, in the spatial data series, the data are
location specific instead of depending on time as in the time series. The
examples of spatial data series are: the variability of groundwater levels over
a groundwater basin, spatial variation of aquifer or soil properties, spatial
variation of rainfall in a catchment/basin, and so on. Most of the time series
analysis methods can equally be applied to spatial data series (Shahin et al.,
1993). Therefore, spatial data series is sometimes referred to as time series.

There are four major steps involved in a time series analysis (McCuen,
2003): (i) detection, (ii) analysis, (iii) synthesis, and (iv) verification. In the
detection step, systematic components of the time series such as trends or
periodicity are identified. It is also necessary to decide in this step whether the
systematic effects are physically and statistically significant. In the analysis
step, the systematic components are analyzed to identify their characteristics
including magnitudes, form and their duration over which the effects exist. In
the synthesis step, information from the analysis step is accumulated to develop
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a time series model and to evaluate goodness-of-fit of the developed model.
Finally, in the verification step, the developed time series model is evaluated
using independent sets of data. For further details of the time series analysis,
the readers are referred to the specialized books on time series analysis such
as Yevjevich (1972), Salas et al. (1980), Bras and Rodriguez-Iturbe (1985),
Cryer (1986), and Clarke (1998).

1.4 Classification of Time Series

A time series can be classified in many ways according to different criteria.
Three widely used classifications of the time series are described below. The
details about the classification of hydrologic time series can be found in Salas
(1993).

1.4.1 Discrete or Continuous Time Series

Time series can be either continuous or discrete. A time series is called ‘discrete’
if the observations are recorded at different time instants or at different points
in space (Haan, 1977; Shahin et al., 1993). On the other hand, if the observations
are recorded continuously in time or space, then the series is known as a
‘continuous time series’. ‘Discrete time series’ is often derived from a
‘continuous time series’. Usually in hydrology, a time series is of the discrete
type. As a result, the case studies presented in this book are restricted to the
discrete time series. A continuous plot of a ‘discrete time series’ should not be
confused with a ‘continuous time series’.

1.4.2 Full or Partial Duration Series

A ‘full time series’ is the one which contains all the recorded observations
over time or space (Haan, 1977; Shahin et al., 1993). As the name suggests,
a ‘partial duration series’ contains only selected observations which are
extracted from the full time series. For instance, daily rainfall recorded at a
specific location over a given period of time constitutes a full time series of
rainfall. A time series of one-day maximum rainfall can be extracted from the
full rainfall time series by arranging the maximum rainfall occurring in a day
for each year in the order of occurrence. Note that the maximum rainfall time
series contains less information than the original full rainfall time series. That
is, a ‘partial duration series’ always contains less information than the ‘full
time series’. In addition, the observation points in a partial duration series
may not be equidistant.

1.4.3 Univariate or Multivariate

If only one variable is observed at each time, the time series is known as
‘univariate time series’. However, if two variables are observed at the same
time (simultaneously), the series is known as ‘bivariate time series’. If more
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than two variables are observed simultaneously at a time, the series is known
as a ‘multivariate time series’. This book deals with univariate time series
only.

1.5 Structure of Time Series

A time series is often adequately described as a function of four components:
trend, seasonality, dependent stochastic component and independent residual
component. In general, a time series can be mathematically expressed as
(Shahin et al., 1993):

xt = Tt + St + t + t (1)

where Tt = trend component, St = seasonality, t = dependent stochastic
component, and t = independent residual component.

In the time series analysis, it is assumed that the data (observations)
consist of a systematic pattern and random noise (error); the latter usually
makes the pattern difficult to be identified. The systematic pattern is represented
by the first two components of Eqn. (1), which are deterministic in nature,
whereas the stochastic component accounts for the random error. Generally,
the stochastic component contains a dependent part which may be represented
by an ARMA(p,q) model, where ‘p’ and ‘q’ are the orders of the autoregressive
and moving-average models, respectively, and an independent part that
can only be described by some sort of probability distribution function. When
p = 0, the ARMA(p,q) represents an MA(q) model, and when q = 0, it represents
an AR(p) model.

Thus, the process of hydrologic time series analysis should be viewed as
a process of identifying and separating the total variation in measured data
into above-mentioned four components. When a time series has been analyzed
and the components accurately characterized, each component can then be
modelled. Methods for identifying trends in time series are described in Chapter
4 and the methods for identifying stochastic component are described in
Chapter 5.

1.6 Salient Characteristics of Time Series

Most statistical analyses of hydrologic time series at the usual time scale
encountered in water resources studies are based on a set of fundamental
assumptions, which are: the series is homogenous, stationary, free from trends
and shifts, non-periodic with no persistence (Adeloye and Montaseri, 2002).
The term ‘homogeneity’ implies that the data in the series belong to one
population, and therefore have a time invariant mean. Non-homogeneity arises
due to changes in the method of data collection and/or the environment in
which it is done (Fernando and Jayawardena, 1994). On the other hand,
‘stationarity’ implies that the statistical parameters of the series computed
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from different samples do not change except due to sampling variations. A
time series is said to be strictly stationary if its statistical properties do not
vary with changes of time origin. A less strict type of stationarity, called weak
stationarity or second-order stationarity, is that in which the first- and second-
order moments depend only on time differences (Chen and Rao, 2002). In
nature, strictly stationary time series does not exist, and weakly stationary
time series is practically considered as stationary time series.

There are many ways by which changes in the hydro-meteorological
series can take place. A change can occur gradually (known as ‘trend’) or
abruptly (known as ‘step change’ or ‘jump’), or may take more complex form
(Shahin et al., 1993). A ‘trend’ is defined as “a unidirectional and gradual
change (falling or rising) in the mean value of a variable” (Shahin et al.,
1993). A time series is said to have trends, if there is a significant correlation
(positive or negative) between the observed values and time. Trends and shifts
in a hydrologic time series are usually introduced due to gradual natural or
human-induced changes in the hydrologic environment producing the time
series (Haan, 1977; Salas, 1993). Gradual or natural changes in hydrologic
variables could be caused by a global or regional climate change, which
would be a representative of changes occurring over the study area. Changes
in the observed variables that may not be able to be extrapolated over a study
area could be caused by a gradual urbanization of the area surrounding the
monitoring site, changes in the method of measurement at the monitoring site,
or by moving the monitoring site even a short distance away. ‘Step changes’
or ‘jumps’ in a time series usually result from catastrophic natural events such
as earthquakes, tsunami, cyclones, or large forest fires which quickly and
considerably alter the hydrologic regime of an area. The man-made changes
such as the closure of a new dam, the beginning or termination of groundwater
pumping, or other such developmental activities may also cause jumps in
some hydrologic time series (Haan, 1977). Jumps can be either positive or
negative. The ‘jump’ or ‘step change’ is usually noted in the overall record at
a monitoring site, but this information is not always presented with the site’s
data series. Thus, the variables that appear to have a trend may actually just
represent a change in climatological or hydrological conditions near the
monitoring site. Under such conditions, the affected climatological data should
be modified so that the values are better representative of the study area as a
whole (Hameed et al., 1997). A key element in this process is the ability to
demonstrate whether a change or trend is present in the climatological data
series and to quantify this trend, if it is present.

‘Periodicity’ is another characteristic of time series (natural hydrologic
time series), which represents a regular or oscillatory form of movement that
is recurring over a fixed interval of time (Shahin et al., 1993). It generally
occurs due to astronomic cycles such as earth’s rotation around the sun (Haan,
1977; Kite, 1989). Annual cycles are often apparent in rainfall,
evapotranspiration, streamflow, groundwater level, soil moisture and other
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types of hydrologic data (Haan, 1977). Weekly cycles may be present in the
water-use data of domestic, industrial, or agricultural sectors; many times the
water-use time series contain both annual and weekly periodicities (Haan,
1977). In order to identify and quantify the periodicity in a hydrologic or
climatologic time series, the time scale should be considered less than a year
(i.e., month or six-month). The periodicity effect is not discernible in an
annual time series, and hence half-annual or monthly time series normally
encountered in hydrology can be used for analyzing the periodicity.

Lastly, the phenomenon of ‘persistence’ is highly relevant to the hydrologic
time series, which means that the successive members of a time series are
linked in some dependent manner (Shahin et al., 1993). In other words,
‘persistence’ denotes the tendency for the magnitude of an event to be dependent
on the magnitude of previous event(s), i.e., a memory effect. For example, the
tendency for low streamflows to follow low streamflows and that for high
streamflows to follow high streamflows. Thus, ‘persistence’ can be considered
synonymous with autocorrelation (O’Connel, 1977). Hurst (1951, 1957) was
the first person to describe ‘persistence’ comprehensively in his studies on a
reservoir design across the Nile River. The phenomenon was defined in terms
of a parameter called “Hurst’s coefficient”, the average value of which is
approximately 0.73 for very large samples. However, its theoretical value for
an independent Gaussian process to which hydrologic series are assimilated
should be 0.5 (Capodaglio and Moisello, 1990). If the theoretical and the
observed values of Hurst’s coefficient do not correspond, it is known as
“Hurst’s phenomenon”. All the stochastic models that have been proposed to
represent hydrologic time series have attempted to include the persistence
phenomenon. However, with the time series records commonly available in
hydrology, it is virtually impossible to identify any long-term persistence in
the hydrologic time series (Capodaglio and Moisello, 1990). Chapter 4 deals
with various methods/tests used for identifying the above characteristics of a
time series.

1.7 Time Series Analysis vis-a-vis Hydrology

In early days, the application of statistics in hydrology was restricted to only
surface water problems, especially for analyzing the hydrologic extremes
such as floods and droughts. However, during the past three decades or so, the
application of statistics in hydrology has expanded considerably to encompass
the problems of both surface water and groundwater systems, including
atmospheric systems. With such a broad domain coupled with the rapid
advancement in computer and data management technologies, statistics has
emerged as a powerful tool for analyzing hydrologic problems. Particularly,
time series analysis has become a major tool in hydrology in the era of
information technology. Today, besides the basic statistical analysis of
hydrologic time series, the applications of time series analysis in hydrological
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sciences include development of mathematical models to generate synthetic
hydrologic data, to forecast hydrologic events, to identify trends and shifts in
hydrologic data, to fill in missing observations, and to extend short hydrologic
records (Salas, 1993). Certainly, time series analysis has become a vital tool
in hydrological sciences and its importance has dramatically enhanced in the
recent past due to ever-increasing interest in the scientific understanding of
climate change.

In epilogue, statistics is just one of the several tools available for application
in hydrological sciences. Like other tools and techniques of hydrology/water
resources engineering, statistical models and methods can serve as valuable
tools in the analysis and solution of several real-world water problems. It
should be noted that the usefulness of any tool or technique, and hence the
reliability of a hydrologic analysis/estimate depends squarely on the proficiency
and knowledge of the hydrologists/water resources engineers. Unfortunately,
the time and energy associated with the development of a model and the
complexity involved in modelling or analysis often so focus the modellers,
especially novice modellers, that they believe that the model is indeed a full
representation of reality/natural systems. However, in reality, no model whether
statistical or mathematical or some combination of the two can describe the
actual and complete hydrology of any natural system (Haan, 2002); it is
always simpler than the prototype/natural system. We should never forget that
a model is a simplified form of reality and that it is simply a tool to assist in
decision making, not a replacement for it! No models or techniques, no matter
how complex they are, can replace the vital role of hydrologists’ competency
and their in-depth knowledge of water systems in making efficient decisions
for solving water problems.
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