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8- pathologic

9- Random

10- Multiscale entropy
11- Mississippi
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1 Hydrogeomorphological
2- Complexity

3- Wavelet entropy

4- Entropy

5- Approximate entropy
6- Sample entropy
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1. Introduction

Since hydrological processes are affected by occurred changes in the watershed, it is important to detect these
changes which gradually result in land cover/use conversions. These conversions are resulted from human industrial
activities and/or urbanization which ultimately lead to alterations in the natural pattern of the environment. A
complexity criterion can be considered as a robust tool to detect and examine relative alterations of a watershed,
relying only on the collected numerical data. Complexity variations in the watershed demonstrate the disorderliness
of the watershed and thus hydrological changes can be measured by complexity changes.

In the past decades, several methods have been presented to measure the complexity. Shannon entropy is the
most commonly and effectively used entropy [1]. The conjunction of entropy and wavelet concepts has been used to
develop a new complexity measure of wavelet-entropy [2].

In this study, multiscale wavelet-entropy method is applied to temperature, humidity, rainfall and runoff time
series of selected stations in Urmia Lake to detect the relationship between the hydrological changes of system and
the complexity of the aforementioned time series. Thereafter, the results are compared to verify the developed
wavelet-entropy complexity measure as a representative of hydrological changes in order to find the most dominant
reason in water level decrease.

2. Methodology

As a complexity criterion, in this paper wavelet-entropy is used to measure complexity, which as a multiscale
analysis is able to handle different time scales at different resolutions in time series with different spatiotemporal
characteristics.

2.1. Wavelet-entropy

For computing wavelet-entropy, time series are decomposed in same level using wavelet transform, then
Shannon wavelet-entropy and related energies in each level are obtained. Finally the multiscale entropy is measured.
The energy at each resolution level m =1,2,3,..., M , will be the energy of the detail signal [2]:

E, =7, IP=Y1C,(m)[ ()

n
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And the total energy will be [2]

By =lxIP=Y.D1C, =) E, &)

m<0 n m

Wavelet energy can be normalized as below which represent the relative wavelet energy [2]:
pm = Em /EZ‘OI (3)

Shannon entropy has been considered as a criterion of the degree of uncertainty, tranquility and redundancy. In
static signals, it is possible to use the entropy concept for measuring relative complexity. If the entropy of time
series are high and they contain more random values and have more irregularity, they have higher complexity.
Shannon entropy has been used to define SWS or the Shannon wavelet-entropy [3].

SWS ==Y p,.Inlp,]
@

where p,, is defined in Eq. (3). Thus the SWS is a measure of the degree of order/disorder the signal, giving adequate
information about the underlying dynamical process associated with the signal [4].

2.2. Case Study

Two stations in Urmia watershed are selected for further analysis in order to gain hydrological time series. Table
1. represents these stations and their geographical details.

Table 1. Geographical details of used stations

Station name Code Longitude Latitude Altitude
Vanyar 31015 46-26 38-07 1460
Tabriz 31041 46-22 38-04 1490

3. Results and discussion

In recent years, water level in Urmia Lake faces unprecedented decrease. It is possible to study occurred changes
in hydrological time series using wavelet entropy measure and to examine urbanization and environmental factors
and their interactions in complexity decrease.

Since 1995, water level in Urmia Lake is experiencing significant decrease. In August 2009 water elevation was
1271.4m which is 2.7m less than ecological water level of the lake, 6.9m less than maximum water level and 4.3m
less than the average in 40 year. Wavelet entropy measure in second time period (1985 to 1999), faces significant
decrease which represents complexity decrease in water level of Urmia Lake.

For climate fluctuations in 42 years, humidity, precipitation and temperature time series are divided in three sub-
series and wavelet entropy measure is computed for each period. Sub series are consisted of 14 years of daily data,
each decomposed in level 5, using db2 mother wavelet.

It could be deduced that rainfall wavelet entropy measure is not facing significant changes thus can not be the
dominant reason of water level decrease in Urmia Lake (72%). Despite significant changes in temperature in the
studied area, vibration in temperature time series is not considerable therefore cannot be considered a primary index
for water level decrease. Similarly, wavelet entropy measure fluctuations for humidity does not change in divided
sub-series significantly and can not be considered as the dominant reason of water elevation decrease; But runoff
vibration rate in 3 sub series shows significant wavelet entropy measure changes. In other words, discharge
complexity is decreasing. Different human activities such as dam constructions and irrigation result into discharge
flow reduction, therefore complexity changes are decreased along time.
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In Fig. 1, wavelet entropy measure changes in 3 sub series is shown for each studied parameter. It can be deduced
that runoff complexity change is more significant than other factors, thus has more effect on complexity decrease in
water level time series.
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Fig. 1. wavelet entropy changes in 3 sub series

4. Conclusions

In this study it is concluded that:

4-1- In addition to the water level decrease in Urmia Lake, water level fluctuations are decreasing too. Decrease
in fluctuations shows that fluctuation pattern in Urmia Lake is changing and results in changes in complexity
fluctuation patterns of water level.

4-2- Complexity changes in runoff time series of the studied area is more significant (57%) compared to the
complexity of the time series of rainfall (1.9%) and temperature (7.05%). Therefore, it can be deduced that water
level complexity decrease is more related to complexity reduction in runoff. The principal reason for water level
decrease and complexity decrease seems to be human activity and urbanization compared to climate change.
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