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1- Multi Taper Method

2- Tree-Ring

3- ENSO (EI Nino/Southern Oscillation)
4- NAM (North American Monsoon)

5- PDO (Pacific Decadal Oscillation)

6- Mojave

7- Singular Spectral Analysis

8- Reconstructed Component

9- ENSO
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1- Mendota

2- Singular Spectral Analysis
3- Multi Taper Method

4- Artificial Neural Network

v



YA (€) 8 ylowd (1) al> Jﬁgyi cblis oy \idghs doxe

GSlosss Sllu s ol LT oo ol 3 5 55 gl 4 sl 4l %’Td‘“i‘ﬁ Sl ks

Tuled a5 |y ape gyl e 515 ot als Wl e

W g, 9 dlge
ar 3 YA 54235 Y 5 am 5 YV o Ol oopdled 5 el axl s tlaesls @\;ﬁjduw 03 gdowe
L () JS8) (B dsb aids 01 g a5 80 5 aids 04 s b8 o s Jlad (50 4ids IV
s Ol s axlins S5 kS OA Ll Sl (5 e 5 e shS VBT s b
Ll )T Gos ST b e el canls cul el Olgr 53 5335 slaanl s
Sy 5 (Y J@)w\ﬂggnjduqcaw\,uwv/\j\wr Oﬁgiqcluy;j
e 5 b Sl AS e i S 5 o b clite e e LS EVO TN e el o
o a bl o Sy ) o, Olsieds | 55y Ssw 3o V0T Lol e anesl axlys (Yo v
ot 3 alaesS 1y amlys il e e bome Madlim saaVE 53 © el slsyl 3 slae
Sl sl s s g 4l s Jled G 3 oage Dol )l Jg Wlos sad abll 85 5 O g

el 315 L;La_.jcaw-‘,uzm\ Cre 3 VIV God 53 LA g s i)

OF il 4y 5 ames)l azly s Coamdgn - IS

1- Terminal

2- UNESCO

3- Biosphere Reserve

4- Convention of Ramsar
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1- Frequency Domain Analysis
2- Spectrum

3-WSS (Wide Sense Stationary)
4- Auto-Covariance
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1- Signal to noise ratio (S/N)
2- Strange Attractors
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1- Eigen Value

2- Eigen Vector

3- Singular Values

4- Error Bars Test

5- Principal Component

6- Reconstructed Component
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1- Leakage

2- Smoothing
3- Tapers

4- Consistent
5- Periodogram
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1- Discrete Prolate Spheroidal Sequences
2- Rayleigh-Ritz
3- Rayleigh
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1- Dirac
2- Fisher-Snedecor
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1- Fisher-Snedecor
2- Chi-Square
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1- Eigen Value
2- Singular Value
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Abstract

The Urmia Lake is one of the important water bodies in the northwest of Iran
that has a significant role in the economy and environment of the region. Recently,
the lake is faced with a critical level reduction, which makes it important to
evaluate the causes. In this regard understanding of the Lake's level behavior is
necessary, which can be applied for mitigation measure to save it. This subject
constructs objective of the present paper that applies the spectral analysis
techniques to investigate harmonic periods of the Lake level time series. For this, a
combination of Multi Taper Method of spectral estimation and Singular Spectral
Analysis were implemented. The results showed significant long-term periods in
time series. However due to limitation in the record length, the frequencies longer
than about 20 years were applicable for the analyses. Also, comparing the
reconstructed time series of harmonic series with the original time series showed
that although, harmonic oscillations are effective on level behavior of the lake, but
declines of the recent years are not completely describable by these periodicities.

Keywords: Lake Urmia, Level time series, Spectral analysis, Noise, Periodic
oscillations
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