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Abstract:

To describe the behaviour of watercourses, numerous
parameters should be considered, such as water flow,
depth/water level, velocity, and the amount of deposit in
a waterbed. In addition, many other parameters should
be analysed to understand the mechanism of specific
watercourses. The most typical parameters are those
associated with water quality, such as water
temperature, and pH value, and temperature, as well as
various climate parameters, such as precipitation,
evaporation, and insolation, which are visualised in the
form of a time series. The measurement frequency can
differ for each parameter. Depending on the number of
available measurements, hourly, daily, monthly, and
yearly data can be obtained, which can then be used to
form a time series. Many well-established and applicable
procedures and models for time-series analyses exist,
including the rescaled adjusted partial sums method
(RAPS). This method is devised to detect possible
irregularities and/or fluctuations within the original time
series, which cannot be achieved using typical time-
series analysis methods. This paper presents a
comprehensive review of the application of the RAPS
method in hydrology, where the advantages and
disadvantages of the method are discussed.
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Application of Rescaled Adjusted Partial Sums (RAPS) method in
Burin, B, et al. hydrology — an overview

1 Introduction

Hydrology describes the occurrence, movement, distribution, balance, and properties of water
on Earth, including groundwater and surface water. Furthermore, it depicts the correlation
between water and the environment within every phase of the hydrological cycle. Hydrology is
a modern, complex, and multifaceted science, with numerous branches including potamology
or fluviology, which pertains to the analysis of surface watercourses. Watercourse flow is an
important component of the hydrological cycle. Enough surface water is a prerequisite for the
sustainability of many ecosystems. Water is a unique medium, whose movement is
characterised by a complex and stochastic process.

Researchers have used different approaches to explain and describe the characteristics of
flow. Among them, physical-based models that imitate hydrological processes [1], [2] have
been widely used. However, these models typically require many parameters associated with
the hydrological cycle and long time series, rendering their usage complex. Meanwhile,
conceptual-based models have been frequently applied to represent hydrological processes
using simplified mathematical equations [3]. However, conceptual models require the
deduction of parameters from observed data and are not directly measurable [4].

Notably, water quality and quantity data accessible by scientists and engineers are limited.
Data acquisition requires continuous and extensive monitoring using expensive devices and
depends on the availability of laboratory facilities, staff, and technical expertise. Hence, a
reliable method must that can be applied easily and provide basic statistical parameters, such
as average and standard deviation, must be selected to test the consistency of time series.
The rescaled adjusted partial sums (RAPS) is a typically used method for the analysis of time
series in hydrology, regardless of the quantity and quality of the time series. This method
requires only the analysed time-series average values and standard deviations. It is based on
visualising a new (obtained) subseries from an original continuous data series. Based on the
average and standard deviation of the analysed time series, a graphical presentation of the
sums of the calculated RAPS can provide insights into the new subseries, which shows data
aberrations and similar incidences. This method is based on the following equation:

RAPSk = ltczl Yts;ya (1)

where Yt is the individual value of the analysed member of the analysed time series, Y the
average value of all members in the analysed time series, Sy the standard deviation of all
members in the analysed time series, k the number of all members in the analysed time series,
andt=1, 2, ..., k the counter during the summation process [5]. The final RAPS must be 0 to
verify whether the calculation is provided correctly because the time-series counter completes
the summation of the time-series members. The authors of [6] concluded that a change in the
slope of the RAPS values only indicates a change in the slope size of the original time series.
A negative slope for the RAPS does not imply a negative slope in the original time-series.

In the analysis presented herein, in addition to flow parameters, water quality and
meteorological parameters are considered because they directly affect water flow. This review
paper presents the possibilities for the application of the RAPS method. In addition, based on
strength, weakness, opportunity, and threat (SWOT) analysis, the advantages and
disadvantages of the RAPS method are discussed.

2 Examples of application of RAPS method

A detailed elaboration of the RAPS method, including a comprehensive theoretical description
and case study applications, is presented in [5]. The authors provided an example of a RAPS
subseries obtained based on the linear trend lines of the original time series for a random
variable (Figure 1). The intention was to define a rule for segmenting the original time series
into subseries, if they exist.
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RANDOM VARIABLE Y'

RAPS X

Figure 1. Example of linear subseries trend obtained using RAPS method.

The purpose of the present study is to justify the rules of the “highest peak” and “lowest valley.”
Although deviations in the original time series were not evident at first sight, the original time
series was observed to be segmented by deviations after applying the RAPS method. A break
or valley was observed after approximately 65 units (Figure 1.).

The dashed line in the upper graph of Figure 1. shows a linear trend. In the lower graph, the
dashed lines show linear trends, which are defined based on the RAPS and are transparent.
This example is presented to prove that the application of the RAPS method is based on the
rule of the “highest peak” and “lowest valley”, regardless of the order of occurrence.

The application of the RAPS method can be explained based on four levels. In the first level,
the original time series is segmented into a series of subseries. At the second level, trend lines
(in most cases, linear) are added to the subseries. In the third level, the new (obtained)

subseries are tested based on statistics. In the fourth level, the correlation between the values
of the RAPS is defined.

2.1 Level | of RAPS application

The authors of [7] applied the RAPS method to the time series of the mean annual discharge
of the Drava River in Croatia at the Botovo measuring station. Figure 2. shows the typical
procedure for defining the linear trend of flow values during the observed years. The coefficient
of determination R2 shows an insignificant correlation in the discharge analysis.
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Figure 2. Time series of mean annual discharge of Drava River in Croatia at the Botovo
measuring station, with a linear trend line for 1926-2006.
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As mentioned earlier, the RAPS method can be used to examine not only the quantity, but also
the quality of water. Figure 3. [8] shows the quantity and quality parameters for the Krka River
in Croatia. In this figure, a vertical partitioning line is not defined. Nevertheless, irregularities
can be observed by segmenting the original time series. The vertical lines drawn for years
1960 and 1980, are borders (top and bottom points of the series) that segment the original
time series into subseries, and YK is a value of the RAPS.

As shown in Figure 3., the RAPS for the time series of precipitation overlaps inversely with that
of discharge, which supports the correlation between precipitation and water discharge.
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Figure 3. RAPS of air temperature, precipitation, and discharge of Krka River

Figure 4. [8] shows the previously determined and established connections between air
temperature and discharge. The RAPS of the isotope values can be compared with the RAPS
of temperature because a change in temperature can change the isotopic composition of
precipitation and, consequently, the water in the catchment. The values of the analysed
elements (Mg, Sr, and Ba) did not overlap with the analysed hydrological, meteorological, and
chemical parameters. The presented analysis provides evidence that despite the overlapping
of time series, the analysed parameters need not be overlapped. The intention of this study is
not to investigate the cause of this non-overlapping but to demonstrate and explain the
potential of the RAPS method. For all the scenarios presented, the appearance of deviations
could not be observed by merely examining the original time series.
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Figure 4. RAPS of mean annual temperatures, mean annual discharges, 513C, 6180,
and metal concentrations of carbonate layers in Krka River.

2.2 Level Il of RAPS application

Previously, the precipitation time series was segmented based on linear trends [9]. Figure 5.
shows increasing and decreasing linear trends during the year, but without the equations of
the trends and the R2 The linear trend lines were defined by applying Equation (1) to the
original time series, which indirectly defined the three subseries showing the local climate
properties.
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Figure 5. Subseries of precipitation with linear trends obtained by applying values of
RAPS for the city of Varazdin, Croatia.

In this case, general and regional climates were observed even without applying the RAPS
method. Many subseries were observed in the autumn of the year. Notably, the clay excavation
period should be analysed. Third, the final subseries is problematic as it shows many
deviations. The first and second subseries did not exhibit significant deviations. This implies
that applying the RAPS method can be used to effectively determine and avoid the problematic
period of the year during fieldwork and economic activities such as clay excavation. In addition,
linear trends can be defined using the corresponding equations (see Figure 6.) [10].
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Figure 6. Subseries of average daily air temperature for Sveti llija and Domasinec,
Croatia.

Additionally, this example shows the local climate characteristics, which can be predicted
without using the RAPS method. However, data analysis using the RAPS method allows
characteristic periods with changes in the air temperature to be determined. The example
presented involved three distinct climate seasons in the observed area.
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2.3 Level Il of RAPS application

The authors of [11] analysed two karst rivers in Croatia: Lika and Gacka. The annual mean air
temperatures for the Gospi¢ meteorological station and the annual mean water discharge for
the Gacka River at the Vivoze hydrological measuring station were analysed using the RAPS
method (Figures 7. and 8.).
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Figure 7. Trends of mean annual air temperatures measured at the Gospi¢
meteorological station for three sub-periods.

Q GACKA - VIVOZE 1951 -2005

(m’/s)
1982-2005
20 : Qu15:27mYs

A A kb |
i b

Q,70.0774%t-136.8

-,
|

r,=0.283 At 26 e Q.= 14.01m%s
5 Q, 924*¢-170.7
1951-1981 1,~0.286
t(year)

0
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

Figure 8. Trends of mean annual discharges in Gacka River measured at Vivoze for
two subperiods.

Subseries with linear trends were defined simultaneously with the R2 (squared root R) and r,
which is the squared root of R?. The Student’s t-test was used to investigate the significance
of the differences between the average values of the three average subperiod discharges, with
a p < 0,01 level of significance, which is satisfactory. Although the r values of the squared roots
of the newly obtained subseries were not significant, the presence of subtrends was evident.
In [12], the Mann-Whitney U test was applied, similar to the test for Sacramento River in the
USA (Figure 9.).
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Figure 9. RAPS for seasonal fraction of annual flows of Sacramento River, 1921 to
1994.

This example shows that the statistical significance can be verified/test without drawing the
trends. Suppose that the obtained graphs are examined based on the number of peaks and
valleys in the line. In this case, one can conclude that in the winter, the flows show more
significant changes in intensity compared with the case in other seasons.

2.4 Level IV of RAPS application

The primary purpose of using the RAPS method in hydrology is to determine the possible
fluctuations of the time series and to determine the subseries with such irregularities. Although
the form/shape and application of the RAPS method are simple, it offers the possibility of
testing the irregularities between two analysed time series, i.e., those between two locations.
This analysis was conducted to determine the relationship between ocean water level changes
and rainfall in the Chao Phraya River Basin in Thailand (Figure 10.) [13]. The analysis was
performed to evaluate the extent to which the increase in the sea level indicators (southern
oscillation index, SOI) and NINO sea surface temperature indices within the box 0°-10°S, 90°—
80°W (which is NINO3) is correlated with precipitation. In other words, all irregularities between
the indicators and precipitation were expressed based on a linear trend of the RAPS.
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Figure 10. Correlation between the RAPS of SOl and NINO3 time series with rainfall (a)

and (b), respectively.

Higher values of r indicate a significant connection between parameters. In addition, they imply

possible connections but also irregularities if they exist.
The methodology presented in [14] shows the correlations among single values of the RAPS
(Figure 11.) and the correlations between the summed values of the RAPS (Figure 12.) for the

average daily increase in seawater level.

RAPS Single values

PS G = 0.9275xRAPS M - 1E-15
R?=0.8602
25 3 3.5 4 4.5

RAPS Golubinka

RAPS Martinscica

Figure 11. Correlation among single values of RAPS measured at Golubinka and

MartinsSéica for average increase in daily seawater level
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Figure 12. Correlation between summed values of RAPS measured at Golubinka and

Martinscica.

This analysis shows the effect of sea-level changes on coastal areas, which provides useful
information for the salinisation of drinking water sources and changes in water quality.

3 Examples of non-concise analyses using RAPS method

The authors of [15] segmented the original time series of runoff (Figure 13.) and sediments
(Figure 14.) into subsegments by applying Equation (1) and visualising the "highest peak” and

"lowest valley.”
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Figure 13. Visualisation of RAPS of annual runoff.
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Figure 14. Visualisation of RAPS of annual sediment

The RAPS were analysed without defining a trend and performing a statistical test on the
significance level of the obtained subseries. In the example presented, the annual runoff values
are segmented into two subseries, where the boundary year is 1990. By comparing this
analysis with the RAPS of the sediments, two sets of results were observed. First, the years
that partition the subseries did not overlap with the boundary year for the sediments recorded
close to 1995. Second, the partitioning year in Figure 13 was selected subjectively, and the
highest (top) peaks were not aligned vertically for the Xianyang River. This clearly shows that
although the RAPS is not a complicated method, it should be utilised with caution to avoid
incorrect conclusions. In a previous study [16], the RAPS method was applied to compare and
analyse the relationship between the average air temperature Ta and average river water

temperature Tw, as shown in Figure 15.
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Figure 15. Time series of RAPS for average air temperature and average water
temperatures based on several observed locations/rivers.

The presented time series showed mutual overlap. The air temperature in Figure 15 G should
be 0. In fact, the RAPS should always end at 0. Hence, one can conclude that an error occurred
when calculating the RAPS. Notably, the RAPS do not reflect values expressed by the
analysed parameter. The result of an analysis presented in [5] is shown in Figure 16.
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Figure 16. Example of parabolic subseries trend obtained using RAPS method.

The delineation of the parabolic line does not facilitate explanation because the rule of the
"highest peak” or the "lowest” valley must be complied with.

4  SWOT analysis based on example

SWOT analysis was performed to present all the advantages and disadvantages of the RAPS
method. This is reported point-by-point in Table 1.

Table 1. SWOT analysis of RAPS method.

Strengths

Weaknesses

o The RAPS method is not difficult to
apply; the only prerequisite is the
availability of the time series values
without gaps and/or places without

any values.
o Only basic statistical prior
knowledge is required, i.e.,

determining the average values and
standard deviation of the analysed
time series.

o The weakness of the RAPS method
is that the entire analysis is based on
the visual interpretation of the
obtained RAPS.

o Superficial analysis, particularly
when experience is insufficient, can
result in inaccurate conclusions.

Opportunities

Threats

o Obtaining the new subseries is
sufficient to  determine  the
irregularities and fluctuations in the
original time series.

o To elevate RAPS analysis to a
higher level, statistical testing can be
performed, e.g., the F-test and t-test.

o Scepticism towards the method
owing to its simplicity.

o Possible errors in interpretation due
to insufficient experience.

An example of the advantages and disadvantages of the RAPS method is presented in Figures
17. and 18., which show the time series of the increase in the average daily seawater level

[15].
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Figure 17. Example of defining linear trend for average daily seawater level time
series.

The negligible value of R? shows that the defined established functional dependency, i.e., the
calculated correlation, is not justified for any relationship between the average daily seawater
level H (cm) and a previous period. This does not facilitate the reliable prediction of future
increases in seawater levels. Regarding the RAPS method, the next step is to determine
whether some irregularities affect the possibility of defining appropriate trends, as shown in
Figure 18 [15].

RAPS Martinscica
Days.

-150 RSN AN
250
0 s A
-450
-550
650
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Years.

Figure 18. RAPS of averaged daily seawater levels measured at Martinsc¢ica.

The values of RAPS presented suggest interruptions within the original time series. The
observed subperiods cannot be determined via a simple analysis of the linear trend. As
presented in this example, the R? is a standard statistical indicator for defining linear trends.
However, negligible values of R? can be misleading and require additional analysis, as shown
in Figure 16. Most analyses of climate change are based on the definition of such trends,
regardless of the R? values. In addition, the frequent omission of R? indicates the unreliability
of such an approach. Hence, the application of the RAPS method is justified.

5 Conclusions

The examples presented herein fully justified the RAPS method for the analysis of time series
trends in hydrology. Even the “simplest” first level of analysis can be applied to evaluate
possible irregularities and/or fluctuations in the analysed hydrological time series promptly and
easily. The application of three other levels of analysis provided more detailed insights into the
properties of the time-series values.

The RAPS method can be extended by testing the significance of the new/obtained subseries
via statistics. For example, the Student’s t-test, Pearson's chi-squared test, and Mann—Kendall
test, among others, can be performed for the abovementioned purpose. In addition, RAPS can
be easily calculated using spreadsheet software.

Notably, the RAPS method does not provide a cause for the observed fluctuations, which can
be shown as a border between the new subseries. In fact, it can only be provided by experts
in time-series analysis. The typical definition of trends cannot express or be used to determine
sections of the original time series in which a disorder exists. In addition, incorrect
interpretations of the RAPS diagram can result in incorrect analyses of observed or calculated
values and misleading conclusions.
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