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ABSTRACT: In this study, the temporal trend of monthly rainfall changes for the time period of 1951
to 2022 in Tabriz Synoptic Station was examined and compared using different methods. Nonparametric
tests including Mann-Kendall test and sequential Mann-Kendall test and Sen’s innovative graphical
trend analysis method were used to identify the potential rainfall trend. In addition, wavelet transform
and Mann-Kendall statistical tests were used to understand the main structure of the trend in rainfall as
well as the time scales affecting the trend. The trend analysis methods were compared with each other
to obtain a valid result. The results obtained from different methods indicate the presence of a negative
trend in the precipitation changes of the Tabriz station. The results also show that the standard Mann-
Kendall nonparametric test is better in this case study for producing statistically significant trends in
rainfall compared to the modified Mann-Kendall test. The results of the wavelet-based analysis method
and the hybrid wavelet Mann-Kendall analysis method showed that at the monthly scale, intraannual
periods (2 to 8 months) with high frequency have the greatest impact on creating trends in the monthly
rainfall time series of the Tabriz synoptic station. The sequential Mann-Kendall curves detected the
approximate onset of a developing negative trend from 1995 to the end of the study period. The Sen
graphical method also indicated a negative trend during the years 1987-2022 compared to 1951-1986,
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with a steeper decreasing trend for “high” rainfall values.

1- Introduction

A review of the literature indicates that various
conventional methods have been employed in recent years
to analyze trends in hydrological and climatic variables such
as precipitation, including statistical, graphical, and wavelet-
based approaches [1]. In statistical approaches, various
tests are employed to identify trends in the time series of
hydro-climatic variables. The Mann—Kendall test is perhaps
the most widely used method for detecting monotonic
trends. Its most attractive features include robustness to
strongly skewed distributions, computational simplicity, and
flexibility in handling nonstationary data and missing values
[2]. However, a major limitation of the Mann—Kendall test is
its inability to account for serial correlation [3]. Moreover,
studies have shown that the Mann—Kendall test may not
necessarily detect nonlinear trends [4]. Graphical methods for
trend detection in time series represent simple and wellknown
approaches in quantitative trend analysis and are readily
accessible. However, qualitative graphical trend analysis
using the Innovative Trend Analysis (ITA) method, based
on the research of Sen, has been introduced more recently
[5]. A graphical quantitative approach using the sequential
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Mann—Kendall graphs, which allows identification of the
approximate onset of an emerging trend, was proposed by
Sneyers [6]. In recent years, wavelet transform has also been
employed as an effective tool for trend analysis [7].

The main objective of this study is to investigate and
compare potential trends and the underlying trend structure
of the total monthly precipitation time series at the Tabriz
synoptic station during the period 1951-2022 using
various trend analysis methods. To the best of the authors’
knowledge, no previous study has simultaneously applied
all the aforementioned methods—together with the use of
the timeseries energy parameter in two distinct applications,
namely (i) a relative energy criterion for selecting the optimal
wavelet and (ii) evaluating the proximity of subseries energy
to that of the original time series for identifying dominant
periodic components—for longterm trend analysis of monthly
precipitation at a synoptic station.

2- Methodology
2- 1- Study Area and Data

In this study, long-term precipitation trends at the Tabriz
synoptic station were investigated (Fig 1). Statistical records
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Fig. 1. Long-term variations of monthly precipitation at
the Tabriz synoptic station.

over the 72-year study period indicate that the mean annual
precipitation is 282 mm, with a standard deviation of 23.05
mm.

2- 2- Wavelet Transform
The continuous wavelet transform (CWT) of a continuous
time signal, x(?), is defined as follows [17]:

+0 _
T(a,b)=%_J g (%]x(t)dr )

where the symbol * denotes the complex conjugate and
g(t) represents the wavelet function, also referred to as the
mother wavelet. By performing calculations at different scales
a and in the vicinity of selected time positions b, the wavelet
coefficients 7(a,b) are ultimately obtained. For discrete series
x,, the discrete wavelet transform is expressed as follows:

N-1
T,,=2""> g "i-n)x )

i=0

where m and n are integers that control the wavelet scale
and translation, respectively. In the above relation, 7', | denotes
the wavelet coefficient corresponding to the decbmposed
wavelet with scale parameter a=2" and translation parameter
b=2"n.

3- Results and Discussion
3- 1- Results of Mann—Kendall Test Analysis

To examine the autocorrelation characteristics of the
dataset, the correlogram was generated using SPSS software
and is presented in Figure 2. As shown in this figure, the
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Table 1. Autocorrelation coefficient and Mann-Kendall
test values.
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Fig. 2. Autocorrelogram of monthly precipitation data
at the Tabriz Synoptic Station (1951-2022).

autocorrelation value at lag one (i.e., an ACF value of 0.332)
exceeds the confidence limits and is therefore statistically
significant. Accordingly, the modified Mann—Kendall test
was also applied. Table 1 summarizes the autocorrelation
coefficients and the results of the Mann—Kendall test
(standard and modified versions) for the original time series.

3- 2- Results of Wavelet Analysis and the hybrid Wavelet—
Mann—Kendall Method

To accurately analyze rainfall trends and identify the
effective frequency structures at different temporal scales,
the monthly rainfall time series was first decomposed using
the discrete wavelet transform in the MATLAB environment.
In this process, the number of decomposition levels, the
treatment of signal boundary conditions, and the most suitable
mother wavelet were optimally selected. Using the criterion of
minimum relative energy error, the optimal wavelet for signal
decomposition was identified. Among the Daubechies family,
the db6 wavelet yielded the lowest relative energy error, equal
to 0.48, and was therefore selected as the optimal wavelet. To
determine the appropriate number of decomposition levels
for the rainfall time series using the db6 wavelet, considering
that the parameter v=06, the maximum value of L=7, while the
minimum value of L=2.

The approximation and detail sub-series of the monthly
rainfall time series at the Tabriz synoptic station are illustrated
in Figure 3.
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Fig. 3. Approximation (A) and detail (D) sub series of the monthly rainfall time series at the
Tabriz synoptic station.

4- Conclusions

The results obtained from wavelet analysis and the hybrid
wavelet-Mann—Kendall method revealed that intra-annual
periods (2-8 months) with high frequency exert the greatest
influence on trend formation in the monthly rainfall series of
the Tabriz synoptic station. Sequential Mann—Kendall graphs
demonstrated the approximate onset of a developing negative
trend from 1995 to the end of the study period, as indicated by
the intersection of forward and backward curves. The scatter
diagram derived from Sen’s graphical method showed that all
points corresponding to the annual rainfall series of the Tabriz
synoptic station lie below the 5% band of the 45-degree line,
indicating the existence of a negative trend during the period
1987-2022 compared to 1951-1986.
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Fig. 1. Long-term variation of monthly precipitation at the Tabriz Synoptic Station.
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Fig. 2. Schematic diagram of the wavelet analysis method and the hybrid wavelet-Mann—Kendall analysis method.
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Table 1. Autocorrelation coefficient and Mann-Kendall test values.
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Fig. 3. The correlogram of monthly precipitation data at the Tabriz Synoptic Station (1951-2022).
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Table 2. Mann—Kendall tests and time series energy values.
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Fig. 5. Sequential Mann—Kendall graphs based on progressive lines of the detail sub series together with the ap-
proximation component.
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Fig. 6. Sequential Mann—Kendall graph of the monthly precipitation time series data at the Tabriz Synoptic Station
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Fig. 7. Results of the Innovative Trend Analysis (ITA) method for the Tabriz synoptic station.
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