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Figure 4- Mann-Kendall test of annual data for the average temperature, wind speed and precipitation at all stations
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Table 1- Decomposition of three time series with EMD approach (T stands of temperature, W stands of wind speed
and P stands of precipitation)

Station Kind of data |MF1 | MFZ | MF3 | MF4 |MF5 C1 Cz C3 C4
T 0.05 1.15 4.46 5.83
Ramsar P -0.4 -1.15 111 0.4 0.54 3.26 3.45 6.99
w 1.28 -0.08 115 0.24 167 0.86 3.23 6.66
T -0.83 -0.18 -1.93 4.95 6.28 5.59
Kermanshah P 0.92 121 -0.66 3.9 -0.5 -1.18 -5.56 -4.4
W 0.76 -1.05 1.93 -1.83 3.29 0.18 2.58 0.92
T -0.66 0.05 2.29 3.1 5.01 6.24
Hamadan P 0.5 0.08 -0.08 -0.47 0.15 -0.57
W -1.28 0.24 1.93 6.28 6.21 7.96
T -0.31 2.25 -0.66 0.54 2.94 5.82 6.34 7.35
Semnan P 0.11 -0.15 -0.02 -1.67 -0.24 -0.73 -1.67 -3.88
W 0.28 -0.57 -1.48 -0.08 4.95 18 0.11 41
T 0.21 1.93 1.96 4.36 6.54 7.61
Mashhad P -0.5 0.08 -1.7 0.05 0.15 1.25 -0.37 4,01
w 0.08 0.7 151 -0.21 2.68 281 2.87 151
T -1.44 -0.24 1.18 0.5 2.84 4.2 41 7.44
Shiraz P -0.05 -0.34 0.24 -1.15 -2.06 -2.45 -4.9 -5.9
w -0.23 05 -5.66 -0.24 05 5.66
T -0.21 131 0.05 527 6.73 6.47
Ardabil P 041 177 -1.18 -2.55 -5.46 -7.28
w 235 281 235 0.73 19 38 411
T -1.05 1.05 1.7 1.15 1.22 3.29 6.28 511
Urmia P 0.31 -0.21 -1.38 2.77 0.92 0.18 -0.76 3.52
w 0.34 034 245 6.57 6.15 7.25
T 1.74 225 1.09 4.95 6.79 6.79
Zanjan P 0.66 151 0.37 -3.4 -0.99 -0.18 -1.28 -5.1
w -0.41 138 36 449 086  -485
T 0.41 2.25 0.73 4.93 6.4 77
Yazd P -0.79 0.41 -1.05 -0.18 -3.9 -2.7 -5.4 -2.6
w 186 -0.76 4.26 0.89 135 3.7
T -0.92 2.06 2.45 -0.79 1.9 511 7.28 741
Tabriz P 0.25 0.96 1.6 -1.05 0.44 1.67 2.77 5.14 2.55
w 144 06 3.9 6.47 7.22 5.98
T -1.64 2.74 238 371 6.28 7.68
Maragheh P 0.21 -0.54 -0.5 -5.85 -0.92 -1.61 -2.64 -7.09
W -0.54 1.99 3.8 6.28 5.37 5.53
T -0.02 1.57 -0.66 1.05 0.89 3 0.92 3.23
Mianeh P -0.15 0.5 -1.3 -1.12 -0.83 -3.26
W 0.37 -0.24 -1.38 -2.81 248 2.61 3.2 -0.05
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Table 2- Decomposition of three time series with MODWT approach
Station Kind of data L, L, L3 L, a C, C, Cs C,
T 0.6 0.86 2.55 4.49 3.9
Ramsar P -0.3 0 -0.08 2.93 2.87 0.18 1.18 0.76 3.29
W 0.37 1.02 2.48 0.47 -1.67
T 0.37 0.6 2.19 3.6 36
Kermanshah P -0.11 -0.28 -0.24 -1.38 -1.74 -0.42 -1.18 -0.63 -1.8
W 0.47 0.96 2.32 2.22 212
T -0.02 0.57 2.51 41 3.9
Hamadan P -0.02 -0.21 0.44 3.7 34 0.001 0.15
W 0.6 1.05 1.93 456 3.94
T 0.15 041 2.6 4.1 4.17
Semnan P 0.02 -0.08 0.76 -2.09 -0.6 -0.24 -1.51
W 0.34 0.41 1.28 157 0.79
T 05 05 2.32 427 38
Mashhad P 0.21 0.5 -0.96 -0.99 -1.8 -0.02 0.21 -1.5 -1.02
W 0.57 1.02 1.93 2.06 2.19
T 0.02 0.18 2.32 271 2.68
Shiraz P -0.37 -0.41 -1.12 -6.02 -4.14 -1.18 -1.54 -2.48 -5.6
W -0.02 -0.99 0.3 -25 -3.6
T 0.63 1.51 2.48 4.07 357
Ardabil P -0.41 0.28 -2.71 -5.3 -3.93 -1.57 0.99 -4.75 -5.2
W 0.79 0.89 1.38 -0.47 -3.9 -1.38 -0.86 0.44
T 0.21 0.37 2.25 34 36
Urmia P 0.08 0.7 -0.54 -0.83 3.94 0.5 0.8 0.21
W 0.28 1.64 2.32 53 3.94
T 0.15 0.6 2.22 4.69 414
Zanjan P -0.15 0.08 -1.99 -1.6 -1.18 -0.18 0.21 -2.19 -1.02
W 0.21 0.02 1.15 -3.1 -2.68
T 0.54 0.76 2.74 459 3.97
Yazd P -1.18 0.6 -1.9 -3.13 -2.97 -0.57 0.21 277 368
W -0.11 0.54 0.34 28 2.7 1.64 1.35
T 05 0.7 2.09 3.26 3.33
Tabriz P 0.24 0.83 -0.11 2.03 1.99 0.47 1.86 0.63 2.09
W -0.18 0.86 2.8 38 3.2
T 0.31 0.89 2.16 4.69 4.04
Maragheh P -0.21 0.28 -1.38 -3.4 -3.2 -1.18 -1.35 -1.86 -4.4
W 0.28 1.38 2.6 33 4.04
T 0.28 -0.15 242 1.86 1.15
Mianeh P -0.41 -0.24 -1.44 -1.96 -2.6 -0.57 -0.63 -1.48
W 0.47 0.76 1.41 -2.4 -1.99 0.11 0.24 0.08 -2.68
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Figure 6- Trend determination test for time series (only one month) temperature at all stations
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Figure 7- Comparison of two methods for trend determination of all data (method 1 and 2) for temperature and wind
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Table 3- Trend determination of temperature (only one month) sub-series of MODWT
Station Month L1 Lz L3 L4 a C1 Cz C3 C4
February 0.34 0.92 2.22 248 2.35
May 0.18 1.02 2.25 3.75 41
Ramsar August 0.54 031 18 258 261
November -0.57 -0.79 131 -0.05 -0.86
February 0.54 1.31 1.99 59 4.04 1.15 271
May 0.63 0.92 1.54 3.75
Kermanshah — qust 0.41 0.37 2,03 2.09 161
November -0.11 -0.18 1.02 -1.74 -3.2 -0.66 1.28
February 0.57 1.09 161 4.26 3.65
Hamedan May 0.18 0.6 1.93 3.75 3.93
August -0.44 -0.66 167 2.32 2.97
November -0.5 -0.79 -1.64 -4.75 -3.94
February 0.6 0.92 2.38 3.49 3.88
Semnan May -0.28 0.47 232 4.36 3.94
August -0.05 -0.02 2.58 -0.76 414
November -0.41 -0.73 -1.02 -4.3 -3.4
February 0.47 112 2.35 2.74 3.23 0.76 242 3.26 3
Mashhad May 0.28 0.66 2.32 5.21 3.94
August 0.37 0.63 2.19 2.25 212 131 0.18 1.86 2.6
November -0.34 -0.66 -1.35 -2.45 -3.1 -0.63 -1.22 -2.38 -1.9
February 0.54 0.66 1.93 245 2.68
Shiraz May -0.44 0.08 1.54 17 1.93
August -0.11 0.57 1.48 -1.28 -4.13 -1.36 -0.41 -0.21 -2.48
November -0.41 0.18 -1.48 -5.9 -4.14
February 0.41 1.02 2.87 2.94 3.23
Ardabil May 0.47 1.09 2.77 5.95 4.14
August 0.73 0.86 19 1.86 2.03
November -0.08 -0.7 0.66 251 2.68
February 0.63 0.76 219 3.84 3.65
) May 0.34 0.7 2.45 417 4.14
Urmia
August 0.11 0.18 1.86 2.22 19
November 0.02 -0.15 0.92 -2.16 -3.9
February 0.54 0.86 2.09 5.17 3.94
. May 0.54 0.7 2.48 4.88 414
Zanjan
August 0.47 -0.37 1.44 3.19 4.1 1.18 17 251 4,04
November -0.24 -0.47 0.73 1.83 2.35
February 0.5 0.92 19 4.01 3.65
vazd May -0.54 0.54 2.19 452 3.65
August -0.44 0.96 151 2.16 3.45 -0.45 1.05 161 2.52
November 0.08 0 -1.54 31 -4.14 0.05 -0.37 -1.96 -3.9
February 0.63 0.44 2.58 49 3.45 1.15 1.6 34 4.46
. May 0.05 0.54 1.99 4.46 3.81
Tabriz
August 0.57 -0.24 1.48 2.64 2.35
November -0.11 --0.44 0.83 -0.73 -4.14 -0.41 0.08 -2.03
February 0.86 1.09 2.55 491 3.81
May 0.28 0.54 2.48 5.04 4.14
Maragheh August 05 -0.44 1.93 407 394
November 0.08 -0.18 1.28 1.86 1.48
February 0.57 2.19 4.65 3.81 0.92 1.18 4.3 5.14
. May 041 0.31 1.74 2.84
Mianeh August 0.47 .02 1.02 076  -4.04
November 0.28 -0.86 0.54 -2.68 -1.99 -0.44 -1.15 -0.05 -2.84
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Table 4- Trend determination of temperature (only one month) sub-series of EMD
Station Month |MF1 |MF2 |MF3 |MF4 C1 Cz C3 C4
February -0.05 1.18 251 -2.03 1.58 4.65 5.14 2.61
May -0.66 1.8 0.44 4.01 2.77 4,72 4.23 6.05
Ramsar
August -0.08 0.66 131 -0.02 2.19 3.84 5.01 7.96
November 0.18 -0.57 0.63 -0.05
February -0.15 0.66 -2.45 3.06 5.63 4.3
Kermanshah May 0.63 1.22 -0.89 2.3 2.61 4.7
August 0.54 1.35 0.18 0.41 1.99 251 261 3.19
November 0.08 0.79 -4.04 0.05
February -0.21 1.15 -0.66 2.03 55 6.28
Hamedan May 0.08 0.11 0.92 2.25
August -1.09 1.67 1.93 3.97
November 0.28 0.76 0.6 -5.08 -1.31 -3.2 -5.3 -7.6
February 0.73 0.1 1.35 245 43 4.04
Semnan May 0.41 0.28 4.65
August -0.76 1.09 0.37 -4.59 -0.83 0.86 -0.02 -5.59
November 0.02 0.05 0.18 -4.91 -0.6 -1.28 -2.58 -6.6
February 0.08 -0.83 -0.99 24 4.04 3
May 0.24 0.61 -2.81 3.29 54 7.12
Mashhad August 0.15 2.5 0.79 18 41 53 36
November -0.28 0.02 0.92 -3.75 -0.96 -2.16 -1.4 -7.2
February -0.37 -0.05 54 5.59 7.28 391
Shiraz May 0.11 131 0.99 -0.31 -0.08 1.22
August 0.57 -0.83 -0.08 -0.73 0.15 0.54
November 0.24 -2.03 -5.56
February -0.31 1.35 -2.51 3.88 6.73 3.49
Ardabil May -0.3 -0.7 -0.7 5.01 6.18 7.74
August 0.37 0.44 245 -2.61 3.03 245 459 7.62
November -0.11 0.08 0.96 1.05 0.54 0.57 2.87 2.68
February 0.5 1.64 -5.17 1.09 2.16 4.23 7.25 7.74
Urmia May -1.09 1.02 33 4.5
August 0.31 0.92 0.6 1.02 1.86 212
November 0.57 -0.05 -1.48 -4.98 0.63 -1.38
February -0.05 -0.15 0.5 3.23 6.54 6.73
Zanjan May -0.57 -0.02 151 3.81 5.3 6.5
August 0.28 -0.05 2.55 5.59 17 1.03 5.4 7.6
November 0.24 -0.57 0.28 -0.7
February 0.34 0.44 -1.25 3.03 6.7 4.2
Vazd May 0.47 1.09 -1.64 4.36
August -0.41 0.86 0.89 -2.51 1.09 3.78 6.08 2.22
November 0.05 -0.21 -0.96 0.7
February 0.7 -0.15 122 1.83 3.2 6.8
. May -0.66 1.44 3.2 4.6
Tabriz August 0.76 0.02 0.83 157 1.48 284
November -0.34 0.28 -2.9 -0.83 0.08 0.99 141 0.92
February 0.28 0.11 0.44 29 53 751
May -0.5 1.25 4.33 5.92
Maragheh August 0.57 0.99 1.09 3.55 46 5.4
November 0.66 0.54 2.58 -3.23 0.6 0.79 1.57 4.2
February 0.31 222 -1.09 05 11 3.55 5.4 43
Mianeh May 0.21 0.96 1.22 7.57 041 1.22 1.64 7.99
August 0.44 -0.73 1.05 -5.59 0.31 -0.99 0.96 5.9
November 0.05 0.02 2.81 -1.67
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Table 5- Investigation the different trend cases in the sub-series derived from EMD and MODWT
Mashhad February- EMD IMFi=-05  IMF,=-002  IMF=1.09 _ C,=5.04 C=4.62 Ca=4.91
w MODWT L,=0.44 L,=115 L,=1.38 L,=3.36 a=4.14
Shiraz MavW EMD -0.24 031 115 Cl=-478  C2=-358  C3=-5.79
Y MODWT -0.15 -1.05 -0.76 -3.19 a=-3.81
anian Mav W EMD 20.02 05 3.23
) Y MODWT 0.18 -0.89 0.05 -2.35 a=-2.38
EMD 183 167 108
Yazd August-P MODWT 0.28 -0.41 157 3.1 a=-3.32
EMD 177 -0.63 2.25 0.92
Kermanshah August-P MODWT 0.45 0.11 141 05 a=3.45
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Table 6- An example of (monthly) data decomposed by two approaches

Ardabil Hamadan Mianeh
Temperature Precipitation Wind speed
EMD MODWT EMD MODWT EMD MODWT

IMF1=-1.42 0.45 -1.41 0.18 -0.54 -0.25
IMF2=0.9 -0.16 -0.06 -0.41 0.68 0.2
IMF3=-.002 0.27 -0.19 -0.15 -0.79 0.05
IMF4=-1.77 0.63 0.32 -0.69 -3.03 0.36
IMFs=-2.04 2.53 -3.8 a=-0.72 0.76 1.93
C1=2.86 6.45 4.2
a=19.6 0.56

a=-7.7
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Figure 8- Man-Whitney test for main time series of temperature, precipitation and wind speed with sub-series and sub-
series of EMD and MODWT
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Abstract

In this study, the effect of empirical mode decomposition (EMD) and maximal overlap discrete wavelet transform
(MODWT) approaches in the processing of average temperature, wind speed and precipitation annual, monthly and
single month time scales were evaluated. The selected study stations were Ramsar, Kermanshah, Hamadan, Semnan,
Mashhad, Shiraz, Ardabil, Urmia, Zanjan, Yazd, Tabriz, Maragheh and Mianeh. In the time series decomposition
using EMD, the trend of combined sub-series and in MODWT, the trend of sub-series was consistent with the Mann-
Kendall test values of observed data time series, although, it can also be affected with the value and sign of of Mann-
Kendall statistic. The significance level of The Mann-Whitney test in comparison of main annual observed time series
with subseries of both approaches was more than 0.05, which indicates the acceptable performance of EMD and
MODWT. In general, the comparisons of the sub-series of two approach with the main time series in each station,
showed that the corresponding significance level for MODWT approach is higher than EMD. Also, the average of
significance level for temperature series greater than those of precipitation and wind speed series. The LSD test at the
95% confidence level indicates good agreement of the observed data time series and combined sub-series.

Keywords: Empirical mode decomposition, Maximal overlap discrete wavelet transform, Processing, Trend
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