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4- Ordinary Least Squares (OLS)
5- Spearman
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1- Short time Fourier transform
2- Window function
3- Discrete Wavelet Transform

ol aslllas 5l g (V) (2B 5 (5o sl 4285 g0 il
90 oyl Agy 48 WSdged asuiie ()audS 0 ST o BBlas gled
i b e il o)) (S e g Sl ol 3 szl
5 >y Sl (6351 me Ce Mg ) JEls (slod &S
Ol 5> Sitpgta o] YO (lod slel oy L (VF) e
Ol By g oy (2l yd dilale glod Cute Mgy oS Widly L
=l 5l oy (YY) QbS5 j5 s )15 53 sime >
5 Suis gblio ;3 YWAF-IYYD 0,93 )3 Sy oSian] Vo bl
2 Jils g lawgio (slod a5 Bipw)y dont (pl 4 HgudS SiS days
5 Cude Mgy (s doolKius] 1oy Ve 3 3Slas slod 5 duopd A
Slodgy Iy gize
o593l (JUSiw 5 Slojis pw manlie alie Cunle 4 d247 L
golel L badyo pole )3 (JiSis Jlos sl g 5l (5l
o=l e 3 (S 48 38 (e 5B ol 3)50 (Slojis
P YL e Ldsay hey opl (TY) Canl S50 i da i,
48)S )8 ae pole (uilive a5 350 sl 3l sy Sl
plonl glagingis s (o) (g2 > 4 g b iz o ol
(st 9 S slagsby) Sl pieS Sl gy ol el 2 00
B s cslmosls JLubow Ly (Y+) LS 5 555 sl gbol
390 pasde «Sage it (bl 16l (I35 5 ol
i g yulnoyg (glopos b sl ik 4VLs &y &S
P (Ridarier i Lulyd dbnl ol 3 9 oglite &g @
Jis slagby) e85 gk 5 (V) llen 5 glle
3 aSgm 9055 Gloj Gyl (cwyp & 93 jl ioxiw 9 Sage
il B Slogas 9wl LG el Jlod bty 53 590
oolade S i slmosly o Lopd o by Lo basps
5 JU 35 Jul> 1, NAO § ENSO uile  —wgildl s>
sbed 25g) S Sage i by I elisel b (V) oy Sen
5350 B S8 5 3, sl Il ol iz 5 1, ooy
gy il ool wl 48 W dge0 et e Culpd pd g L3l 8wy
JIS=cre gomen (6)ll SewdS (slaggail olpen 4 Sogo
(o8l sl yiall s o oo (slojgd (slaogSJl wlgi o
0599y o) 5 eslazel b (ool oldllas 9S8l oyl pl p3 5l 15T
i Szge s Jlasl b (M) phlSen 5 (ol ol 0t plox]
A &S Wdges pasuie ol (28 Bble 3 GB)L (Slojs e
55Vl el s b 4l gl 093 Sy (sl adlato ] 5
5 i sloeyg iy (o] Cinnd b gt o sl o3 2
Jlasl L (1Y) o, Kan g s il salgs g 5o 1y Jlusiis
9 ObdS Gl S5 oSl ()b (Slojis e p Sage a5
i 9 SisNl 538 9o 4 l) ailale )k (JiSew 425
S2ge b Jlosl Gojb jl sl (hnginy 53 Sdged (o



YFY los Gilugs (slagSIl o3 Ll g wigy Judon (g1 1 dmn’ Sz g0 Jr o (605,10

RARAANY)

NN

TATaY f
IVVYVY

Ak A A A o
I
- . et TRYRTAY RN
I VI VI T T Y

BnawsS S 90 i 035wl b JUKowr 43505 - JSWS
Figure 1- Decomposing signal by applying discrete wavelet transform
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Figure 2- Decomposed components of monthly temperature time series by applying discrete wavelet transform
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Table 1- Lag 1 autocorrelation coefficients in various time scales
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Figure 3- Correlogram for average monthly temperature data in Mashhad synoptic station (1956 to 2010)
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Table 2- Mann-Kendall test statistic for decomposed components of average temperature time series via discrete wavelet

transform in various time scales
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Introduction: Studying long-term trend changes of meteorological parameters is one of the routine methods
in atmospheric studies, especially in the climate change subject. Among the meteorological parameters,
temperature is always considered as one of the most atmospheric elements and studying it in order to gain a
better understanding of the climate change phenomenon, has been effective. In addition to identifying trends,
extraction of oscillatory patterns in the atmospheric phenomena and parameters occurrence can be an applicable
and reliable method to explore the complex relations between atmospheric-oceanic cycles and short term or long
term consequences of meteorological parameters.

Materials and Methods: In this paper, monthly average temperature time series in Mashhad synoptic station
in 55 years period (from 1956 to 2010) in monthly, seasonal, annual and seasons separately (winter, spring,
summer and autumn) have been analyzed. Discrete wavelet transform and Mann-Kendall trend test were the
main methods for performing this research. Wavelet transform is a powerful method in signal processing and it
is an advanced version of short time Fourier transforms. Moreover, it has many improvements and more
capabilities compared with Fourier transform. In the first step, temperature time series in various time scales
(which was mentioned above) have been decomposed via discrete wavelet transforms into approximation (A)
and detail (D) components. For the second step, Mann-Kendall trend test was applied to the various
combinations of these decomposed components. For detecting the most dominant periodic component for each
of the time scales datasets, results of Mann-Kendall test for the original time series and the decomposed
components were compared to each other. The nearest value indicated the most dominant periodicity based on
the D component’s level. To detect the similarity between results of the Mann-Kendall test, relative error method
was employed. Additionally, it must be noted that before applying Mann-Kendall test, time series has to be
assessed for its autocorrelation status. If there are seasonality patterns in the studied time series or lag-1
autocorrelation coefficient of data is significant, then some modified versions of the Mann-Kendall test have to
be employed.

Results and Discussion: Results of this study showed that the temperature trend at every time scaled dataset
(monthly, seasonal, annual and seasons separately) is positive and significant. Autocorrelation coefficients
indicated that only seasonal time series and winter datasets did not have significant ACFs. On the other hand,
monthly and seasonal datasets had seasonality pattern. Based on these results, Hirsch and Slack’s modified
version of Mann-Kendall test was employed for monthly and seasonal time series and for the winter temperature
data, the original version of the Mann-Kendall test was applied. For the remaining time series, the Hamed and
Rao’s modified version of the Mann-Kendall trend test was employed. Dominant periodicities in monthly,
seasonal and annual, confirmed the oscillatory behavior of each other. However, in the seasons, it seems that
periodic patterns with the same temperature ranges are more similar. On the other hand, due to the greater
similarity between the results of the Mann-Kendall test in the warmer seasons and the data with monthly,
seasonal and annual time scale, it seems that yearly warm period has more noticeable impacts on the positive and
significant trend of temperature in the study area. It must be noted that in any of the studied time series, results of
the Mann-Kendall test for detail (D) component was not significant and after adding approximation (A)
component, Mann-Kendall statistics turned to a significant value. This happens because the long term variations
or trends appear in approximation components in most of the time series.

Conclusion: In this study, a powerful signal processing method called wavelet transform was employed to
detect the most dominant periodic components in temperature time series in various time scales, in Mashhad
synoptic station. Results showed that using frequency-time analysis methods has more benefits compared with
the use of only classic statistical methods, since one can explore any time series with more accuracy. Because
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most of the meteorological variables have periodic structures, it seems that using advanced signal processing
methods like wavelet for analysis of these variables can have many advantages compared with linear-based
methods. It can be suggested for future studies to use and employ signal processing methods for exploring the
large scaled phenomena (e.g. ENSO, NAO, etc.) and discovering the relationship between these phenomena and
climate change in recent decades.
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