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                             2Department of Applied Physics, University of Karachi 
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Abstract: In this communication we have     studied the properties of water masses in the coastal 
regions of Pakistan with seasonal influences.  Changes in the coastal are magnified by the 
proximity of land that does bring with an annual increase in atmospheric temperatures and a 
concentration of fresh water supply through river run off. This fact makes the characterization of 
water masses more difficult than in the deep ocean where the most of the water is not in contact 
with the atmosphere. The Northern Arabian Sea is least known but present studies show the 
presence of three high salinity features in the upper 500 meters. These masses are identified as 
Red Sea Water masses, Persian Gulf water and Arabian Sea High salinity water respectively. The 
Red Sea and Persian Gulf, contribute high salinity waters to the Arabian Sea at depth about 500 
meters and 300 meter respectively, while Arabian Sea high salinity water mass is the shallowest of 
the three high salinity masses and lies at the bottom of the equatorial surface water. The system of 
water types/ masses in the Arabian Sea is complex, so that several suggestions of the dominating 
ones can be found. The air-sea interaction and the water exchange with the Indian Ocean control 
and maintain the major characteristics of the water masses and the circulation in the northern 
Arabian Sea. Due to the atmospheric forcing there is up-welling all along the Somali Coast that 
moves northward and divert to open Arabian Sea as Ras Ai – Hadd jet (RAH). The RAH jet 
adverts significant amounts of up-welled water into the open Arabian Sea during the southwest 
monsoon and acts as a conduit for Gulf of Oman waters reaching the open Arabian Sea at the end 
of the southwest monsoon and into the fall inter-monsoon period suggested that of formation of 
Arabian Sea High Salinity water. [New York Science Journal. 2008;1(3):1-11]. (ISSN: 1554-
0200).   
 
 

            I.  INTRODUCTION  

Description of seawater characteristics and motions are facilitated by using the concept 
of water masses. This concept is analogous to that employed by meteorologists to describe 
air manner in weather patterns. Air masses are identified by characteristic combinations of 
air temperature and moisture content. These characteristics allow meteorologists to 
identify the past history (air source regions) of the various air masses. Examples of air 
masses include continental polar (cold dry air formal over high latitude land areas) and 
maritime tropical (warm, moist air formal over equatorial ocean areas. 
Large volumes of seawater move through the oceans as discrete water masses, identifiable 
by their characteristic temperatures and salinities. These water masses form at the ocean 
surface, and their temperatures and salinities reflect surface conditions where they formed. 
If a newly formed water mass is denser than its surrounding waters, it sinks to a level 
determined by its density relative to the density distribution in the nearby ocean. Below 
the surface, water masses are moved by subsurface currents, often for thousands of 

 1

mailto:mwaheed_06@yahoo.com


New York Science Journal, http://www.sciencepub.org, ISSN 1554-0200 

 

kilometers. After hundreds of years (possibly 1000 years), the deep waters return to the 
ocean surface, again to exchange gaseous with the atmosphere and to be warmed by heat 
from the sun. Subsurface water mass movements can be traced by using changes in 
dissolved gas concentrations, especially dissolved oxygen, and the presence of pollutants 
from nuclear weapons testing and even atmospheric pollutants, such as chlorinated 
hydrocarbons. The densest water masses in the ocean form in Polar Regions, where waters 
of moderately high salinity are intensely cooled at the ocean surface. These processes 
increase the depth of the pycnocline by the sinking of dense waters from the surface. If 
dense enough these water masses may sink all the way to the bottom and flow along the 
ocean floor. A water mass of intermediate density will flow at dense waters of the surface 
zone. The vertical position of water mass of intermediate density is like the position of a 
card in a deck of cards, and the ones above have lower densities.   
   

  II. WATER MASS FORMATION THEORY  

If the surface temperature is very low, convection from cooling can reach deeper than the 
surface layer. This situation is encountered in the Polar Regions where cold water sinks to 
the bottom of the ocean. This process replenishes the deeper waters and is responsible for 
the currents below the upper kilometer of the ocean. Areas of deep winter convection are 
the Weddell Sea and the Ross Sea in the Southern Ocean and the Greenland Sea and the 
Labrador Sea in the Arctic region.  

In the fig below, 75% of the ocean's water has a temperature and salinity within the dark 
green region, 99% have a temperature and salinity within the light colored region. The 
warm water outside the 75% region is confined to the upper 1000 m of the ocean.  

 

Volumetric temperature-salinity diagram of the world ocean  

 

The average ocean temperature is 3.8°C; even at the equator the average temperature is as 
low as 4.9°C. The layer where the temperature changes rapidly with depth, which is found 
in the temperature range 8 - 15°C, is called the permanent thermo cline. It is located at 
150 - 400 m depth in the tropics and at 400 - 1000 m depth in the subtropics. Figure below 
shows the temperature and salinity distribution in a meridional section through the Pacific 
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Ocean as an example. Notice the uniformity of both properties below 1000 m depth. 
Notice also that in many ocean regions, temperature and salinity both decrease with depth. 
A decrease in temperature results in an increase of density, so the temperature 
stratification produces stable density stratification. A decrease in salinity, on the other 
hand, produces a density decrease. Taken on its own, the salinity stratification would 
therefore produce unstable density stratification. In the ocean the effect of the temperature 
decrease is stronger than the effect of the salinity decrease, so the ocean is stably 
stratified.  

 

 

Temperature (top) and salinity (bottom) as functions of latitude and depth in the Pacific 
Ocean. (The image includes the Arctic Ocean on the extreme right.)  

 

In contrast to the subsurface temperature distribution, the subsurface salinity distribution 
shows intermediate minima. They are linked with water mass formation at the Polar 
Fronts where precipitation is high; details will be discussed later in the course. At very 
great depth, salinity increases again because the water near the ocean bottom originates 
from Polar Regions where it sinks during the winter; freezing during the process increases 
its salinity. 

In most ocean regions the wind-driven circulation, which was the focus of discussion so 
far, does not reach below the upper kilometer of the ocean. Water renewal below that 
depth is achieved by currents that are driven by density differences produced by 
temperature (thermal) and salinity (haline) effects. The associated circulation is therefore 
referred to as the thermohaline circulation. Since these movements are so slow, it is 
unrealistic to measure them directly; they have to be deduced from the distribution of 
water properties.  
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The driving force for the thermohaline circulation is water mass formation. Water masses 
with well-defined temperature and salinity characteristics are created by surface processes 
in specific locations, which then sink and mix slowly with other water masses as they 
move along. The two main processes of water mass formation are deep convection and 
subduction. Both are linked to the dynamics of the mixed layer at the surface of the ocean; 
so it is necessary to discuss thermohaline aspects of the upper ocean first.  

Oceanographers refer to the surface layer with uniform hydrographic properties as the 
surface mixed layer. This layer is an essential element of heat and freshwater transfer 
between the atmosphere and the ocean. It usually occupies the uppermost 50 - 150 m or so 
but can reach much deeper in winter when cooling at the sea surface produces convective 
overturning of water, releasing heat stored in the ocean to the atmosphere. During spring 
and summer the mixed layer absorbs heat, moderating the earth's seasonal temperature 
extremes by storing heat until the following autumn and winter, and the deep mixed layer 
from the previous winter is covered by a shallow layer of warm, light water. During this 
time mixing does not reach very deep, being achieved only by the action of wind waves. 
Below the layer of active mixing is a zone of rapid transition, where (in most situations) 
temperature decreases rapidly with depth. This transition layer is called the seasonal 
thermo cline. Being the bottom of the surface mixed layer, it is shallow in spring and 
summer, deep in autumn, and disappears in winter. In the tropics, winter cooling is not 
strong enough to destroy the seasonal thermo cline, and a shallow feature sometimes 
called the tropical thermo cline is maintained throughout the year.  

 

                      

  Development of the seasonal thermo cline during the year 

 

The depth range from below the seasonal thermo cline to about 1000 m is known as the 
permanent or oceanic thermo cline. It is the transition zone from the warm waters of the 
surface layer to the cold waters of great oceanic depth The temperature at the upper limit 
of the permanent thermo cline depends on latitude, reaching from well above 20°C in the 
tropics to just above 15°C in temperate regions; at the lower limit temperatures are rather 
uniform around 4 - 6°C depending on the particular ocean.  

Below the surface layer which is in permanent contact with the atmosphere, temperature 
and salinity are conservative properties, i.e. they can only be changed by mixing and 
advection. All other properties of sea water such as oxygen, nutrients etc. are affected by 
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biological and chemical processes and therefore non- conservative. Water masses can 
therefore be identified by their temperature-salinity (T-S) combinations.  

 

 

The above diagram shows the distribution of temperature (red) and salinity (cyan) with 
depth; the diagrams on the right show the corresponding TS-diagrams. Top: layering of 
warm and saline water mass found at 0 - 300 m depth above cold and fresh water mass 
found at 300 - 600 m). The full lines show the situation before mixing, the broken lines 
after mixing. The TS-diagram shows the two water masses as TS points. Before mixing 
only the two points are seen in the TS-diagram. Mixing connects the two TS-points by a 
straight line.  

Water mass formation by deep convection occurs in regions with little density 
stratification (i.e. mostly in polar and sub polar regions). When the water in the mixed 
layer gets denser than the water below, it sinks to great depth, in some regions to the 
ocean floor. The density increase can be achieved by cooling or an increase in salinity 
(either through evaporation or through brine concentration during freezing) or both.  

Water mass formation by subduction occurs mainly in the subtropics. Water from the 
bottom of the mixed layer is pumped downward through a convergence in the Ekman 
transport and sinks slowly along surfaces of constant density.  
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Sketch of water mass formation by subduction. First diagram: Convergence in the Ekman 
layer (surface mixed layer) forces water downward, where it moves along surfaces of 
constant density. The 27.04 sigma-t surface, given by the TS-combination 8°C and 34.7 
salinity, is identified.  

 

Antarctic Bottom Water is formed by deep convection in the Weddell and Ross Seas and 
fills all ocean basins below 4000 m depth; in the Pacific and Indian Oceans it is mixed 
with North Atlantic Deep Water, the mixture being known as Circumpolar Water. North 
Atlantic Deep Water is the product of a process that involves deep convection in the 
Arctic Ocean, the Greenland Sea and the Labrador Sea. Most Antarctic Intermediate 
Water is formed by deep convection east of southern Chile and west of southern 
Argentina and spreads into all oceans with the Circumpolar Current. Intermediate Water 
in the northern hemisphere may be formed by convection or subduction. Central Water, 
the water of the permanent thermo cline, is formed by subduction in the subtropics. 
Mediterranean and Red Sea waters are intrusions of high temperature; high salinity waters 
from two Mediterranean seas (see the discussion of Mediterranean seas below). 

 

Sketch of the water mass distribution in the world ocean. AABW: Antarctic Bottom 
Water, CPW: Circumpolar Water, NADW: North Atlantic Deep Water, PDW: Pacific 
Deep Water, AAIW: Antarctic Intermediate Water, AIW: Arctic Intermediate Water, 
MedW: Mediterranean Water, RedSW: Red Sea Water, gold: Central Water, brown: 
surface water.  
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A complete description of water mass movement requires horizontal property distributions 
as well as vertical sections and TS-diagrams. It is then seen that the path of Antarctic 
Bottom Water in particular is strongly affected by the topography. For example, the deep 
basins of the eastern Atlantic Ocean are separated from the Southern Ocean by a sill and 
cannot be reached by Antarctic Bottom Water directly. They are filled through a gap in 
the Mid-Atlantic Ridge near the equator; in other words, flow of Antarctic Bottom Water 
in the eastern South Atlantic Ocean is southward, from the equator toward the pole. In the 
Pacific Ocean, input is mainly along 170°W (east of New Zealand), followed by spreading 
east and westward in the northern hemisphere; recirculation into the southern hemisphere 
occurs in the east. Input into the Indian Ocean is from the west, and in smaller quantities 
from the east.  

III. CIRCULATION IN ARABIAN SEAS 

Arabian Seas are small bodies of water characterized by very restricted water exchange 
with the major ocean basins. This results in different hydrodynamics and sets them apart 
from the remainder of the world ocean. While the circulation in most of the world ocean is 
dominated by wind-driven currents, the circulation in Arabian seas is determined by 
thermohaline processes. Two basic types of circulation can be distinguished, the 
concentration basin and the dilution basin. Concentration basins occur where evaporation 
in the region exceeds precipitation. 

 

The circulation in Arabian seas and their water exchange with the remainder of the world 
ocean differs strikingly between the two types. In concentration basins, evaporation 
increases the salinity of the surface waters, raising their density and producing convection. 
Deep water renewal is therefore a nearly continuous process, and the waters of the basin 
are well ventilated (have relatively high oxygen content) at all depth. In dilution basins, 
the freshening of the surface waters resulting from excess rain and freshwater input from 
rivers reduces the density of the surface layer. This prevents the freshened water to reach 
the deeper layers. The result is the establishment of a fresh upper layer and a strong 
halocline. Water below the halocline is renewed only very slowly through mixing across 
the halocline and inflow of oceanic water through the connecting strait. Oxygen content 
below the halocline is therefore very low. If the basin is large and the exchange with the 
open ocean very restricted, oxygen levels at depth can fall to zero, preventing the 
existence of higher marine life.  
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  Spreading of Arabian Water in the Indian Ocean, indicated by the salinity where 
maximum produced by it. The depth of the spreading is typically just below 1000 m.  
 
 

IV. WATER MASSES OF THE ARABIAN SEA 

For study and analysis water masses at Pakistan coastal regions (stations) I selected 10 
positions along the coastal zones of Arabian Sea. After study I observed that the basis of 
water mass analysis in the deep ocean is the derivation of water mass properties in the 
formation region are small compared to the property differences that are observed 
between different water masses at some distance from their formation region.  
 
The situation in the coastal ocean is quite different. Many coastal regions are well mixed, 
so TS- graph which show variations of temperature and salinity with depth, are not often 
found in the coastal ocean. Even where vertical stratification is present, a large part of the 
water column is still taken up by the surface mixed layer, which in a TS- graph is 
represented by single water type. Undergo large changes from season to season. If the TS- 
Properties of the coastal ocean area averaged over the year, the resulting standard 
derivation is much larger than any variation that may exist as a result of stratification in 
the water column at any particular time. Although water properties in the coastal ocean 
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undergo large variation they do not fluctuate in a random fashion but follow a seasonal 
cycle. It is possible to make use of this and define the water masses of the coastal ocean 
through the use of the so called TS-time graph. Other than plotting temperature against 
salinity as both very with depth, we plot the values of both variables in the mixed layer 
against each other as they very over the year. The sequence of the observation taken over 
a year defines a TS- relationship in the time that reflects the weekly and secondly changes 
of the two properties. Establishing a TS- time graph for a particular coastal ocean region 
requires an observational effort over many years and is therefore much more demanding 
than the effort required establishing a TS-graph for a deep ocean station. 
 
TS-graph can be produced for all other parts of the coastal ocean. They can, in fact, be a 
useful tool for the analysis of the hydrography of the surface mixed layer in the open 
ocean. In the context of coastal oceanography it is worth noting that many shelf seas have 
been surveyed in great detail over many decades and their data base is suitable for 
deriving standard deviations on a monthly basis.  
 
 

Scatterplot (OCEAN.STA 3v*36c)
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  T-S graph of Arabian Sea 
 
 
               
V. CONCLUSION 
 
 In this study an effort is made to understand the properties of the waters in the Pakistan 
coastal ocean which are constantly changing. Seasonal influences are magnified by the 
proximity of land, which brings with it an increased annual range in atmospheric 
temperatures and a concentration of fresh water supply through river runoff. This makes 
the characterization of water masses more difficult than in the deep ocean, where most of 
the water is not contact with the atmosphere. 
 
In the absence of air/sea interaction processes, the physical properties of water parcels can 
only be changed when they mix with water parcels of different origin and therefore 
different properties. Without mixing, water parcels retain their temperature and salinity 
unchanged. Temperature and salinity are therefore known as conservative properties, in 
contrast with non-conservative properties such as oxygen or nutrients which participate in 
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biochemical processes and therefore show changing concentration levels even in the 
absence of mixing. Temperature and salinity are therefore the most suitable hydrographic 
properties to define water masses and study their distribution. 
`In this study, an attempt is made to understand the physics of water masses formation 
process. The basic tool for water mass classification and analysis is the temperature-
salinity (TS) graph in which the two conservative properties are plotted against each other. 
A homogeneous water mass is a water mass of uniform temperature and salinity. The best 
known examples of this kind are the water masses of the permanent thermo cline known 
as Central Water. 
 
In this we study, the air-sea interaction and the water exchange with the Indian Ocean 
control and maintain the major characteristics of the water masses and the circulation in 
the northern Arabian Sea. Due to the atmospheric forcing there is upwelling all along the 
Somali coast that moves northward and divert to open Arabian Sea. This advects 
significant amounts of up welled water into the open Arabian Sea during the southwest 
monsoon and acts as a conduit for Gulf of Oman.   
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Abstract: The problem of sinusoidal frequency estimation in chaotic noise is considered in this paper. 
Since sinusoidal signal and a class of chaotic signals have different forth-order- cumulant character. 
Construct a high-order- cumulant data series of mixed signal, the cumulant data series has a new 
sinusoidal signal whose frequency is in proportion to the sinusoidal signal to be detected. Using 
empirical mode decomposition (EMD) method ,the cumulant data series can be decomposition to a 
series of intrinsic mode functions (IMFs),among which one IMF is the recovered sinusoidal signal .One 
merit of the algorithm is that it suit for the hybrid noises which is the mixture of chaotic signal and 
strong Gaussian colored noise, another merit is that it need not to know the mathematical model of the 
chaotic noise. The Simulation results show that the proposed algorithm is easy to implement , robust, 
and less complicated in calculation. [New York Science Journal. 2008;1(3):12-19]. (ISSN: 1554-0200).   

 

Keywords: empirical mode decomposition; chaos; sinusoidal signal, forth-order-cumulant 

 
1. Introduction 

Signal generated by chaotic systems represent a potentially rich class of signals processing 
problems because of its highly complexity and randomicity .Recent years , a number of scholars have 
investigated the chaotic signal processing because a wide range of signal processes including sea 
clutter[1], electrocardiograph signals [2] , indoor multipath [3] and speech [4] have been demonstrate 
to be chaotic rather than purely random .A variety of problems involving frequency estimation in 
chaotic noise therefore arises in potential application context .In some cases, this problem occurs when 
a chaotic signal is used purposely such as narrowband interference cancellation in a chaotic direct 
sequence code division multiple access communication systems and communication channel 
identification .in other scenarios such as radar surveillance in a ocean environment[1] and angle of 
arrival estimation in multi- path .Obviously, the sinusoidal frequency estimation from a chaotic noise is 
very important in theory and application. In this research field, the phase space volume method is 
introduced to estimate the coefficients of an autoregressive spectrum [5], the detection of a small target 
in sea clutter is investigated by means of neural network method [6]. The use of nonlinear dynamic 
(NLD) forecasting is considered to extract messages from chaotic communication systems [7].Base on 
the geometry of chaotic interference, a method for signal extraction from received data contaminated 
with strong chaotic interference is proposed [8]. A new nonlinear technique, referred to as empirical 
mode decomposition (EMD), has recently been pioneered by Huang et al. [9], it was proved to be 
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remarkably more effective than other signal processing methods for nonlinear signals [10][11]. 
It’s easy to estimation sinusoidal frequency when it is contaminated by most common noises. 

However ,when sinusoidal signal is submerged in the mixture of chaotic signal and strong Gaussian 
colored noise, most of conventional signal process methods failed, especially when sinusoidal signal 
frequency is in the middle of the frequency band of chaotic noise.  

In this paper we focus our attention on the high-order-cumulant of the mixed signals .Since chaotic 
noise and sinusoidal signal have different character on forth-order-cumulant. By choosing proper time 
lags a new forth-order- cumulant data series is available, then using empirical mode decomposition 
approach, the sinusoidal frequency can be estimated. The following part give detail of the approach , 
then examples are given on the sinusoidal signals extraction from hybrid noise ( chaotic noise and 
Gaussian colored noise). The simulation results show that the method is effective and satisfied. 

 
2. Basic theories 
 

Chaotic signal is a kind of special signal which is irregular but deterministic motion , and most of 
the signal processing methods of random signals failed to chaotic noise. For a kind of chaotic signals 
( Duffing , Lorenz ,Rossler,chen  etc ) ,which have no significant power beyond certain frequency  
on power spectrum ,as shown in fig1 ,if sinusoidal frequency is in the center of frequency band of the 
strong chaotic signal ,it will be difficult to estimation sinusoidal frequency. However, 
forth-order-cumulant provide a bridge to the problem . For a sinusoidal signal  

)t(sinA)t(x 0 ϕω +∗=            (1) 

,whose one dimension diagonal slice of forth- order-cumulant is 

( ) ( ) 8/cosA3),,( 0
4

4x4x cc τωττττ ×−==                   (2) 

For a hybrid signal w(t)n(t)x(t)y(t) ++= , 

where n(t) is chaotic signal ,w(t) is Gaussian colored noise, and supposing the chaotic signal is 
non-correlation with sinusoidal signal ,if time lags are chosen km 0 ××τ （ N,,2,1k Λ= ）where,m 
is a positive constant, 0τ is the sampling interval , a new forth-order-cumulant data sequences  of  
the mixed signal are:  
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Because the forth-order-cumulant of Gaussian colored noise is zero, The upper data sequences are 
equal to the sum of  the harmonic signal whose frequency is 0mω  and the forth-order-cumulant of 
the chaotic signal ,the sampling interval of new data sequence is 0τ . Since the chaotic sequences are 
non-periodic , and its forth-order-cumulant sequences are non-periodic too. More importantly, the 
power spectrum of the forth-order-cumulant data sequences of the chaotic signal has low frequency 
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character ,as shown in fig2. Though the harmonic frequency to be estimated is in the center of the 
bandwidth of chaotic signal , the increase of the harmonic frequencies in the new sequence make it 
beyond the central bandwidth of the other components. Thus it reduces the difficulty of the detection of 
the harmonic frequency. Since the harmonic frequency of the new sequence is proportional to the 
original harmonic frequency, it is possible for the detection of the harmonic frequency. 

Empirical mode decomposition is a powerful tool for nonlinear signal processing. It is based on the 
local characteristic time scale of the data, it is able to decompose complex signals to a collection of 
intrinsic mode functions (IMFs). Most important of all, it is adaptive.  

At any given time, the data may involve more than one oscillatory mode, each mode, for linear or 
nonlinear, has same numbers of extrema and zero crossings, and only one extremum between the 
successive zero crossings. These modes should all be orthogonal to each other for a linear 
decomposition. Thus, an arbitrary signal can be decomposed to a collection of IMFs. 

An intrinsic mode function (IMF) is a function that satisfies two conditions: 
(1) In the whole data set, the number of extrema and the number of zero crossings must either equal 

or differ at most by one; and 
(2) at any point, the mean value of the envelope defined by the local maxima and the envelope 

defined by the local minima is zero. 
Comparing with simple monotone function, an IMF is a simple vibrating mode. Given a signal x(t), 

the algorithm of EMD can be summarized as follows: 
(1) Identify all extrema of x(t), connect all the local maxima a cubic spline line as the upper 

envelope; 
(2) connect all the local minima a cubic spline line as the upper envelope, the upper and lower 

envelopes should cover all the data between them; 
(3) the mean of upper and lower envelopes is designated as m1, and the difference between the data 

and m1 is the first component, h1, i.e. 
h1 (t)=x(t)-m(t)                      (4) 
If h1 is an IMF, h1 is the first component of x(t). 
(4) if h1 is not an IMF, h1 is treated as the original data, continue the step (1), (2) and (3), get the 

mean of upper and lower envelopes, which is designated as m11, if h11=h1-m11 is still not an IMF, 
continue the steps (1)–(3), until the first component h1k is an IMF, and designated as c1 = h1k. c1 is the 
first IMF component of x(t); 

(5) separate c1 from the rest of the data by 
r1(t)=x(t)-m(t)                       (5) 

Since the residue, r1, still contains information of longer period components, it is treated as the new 
data and subjected to the same sifting process as described above, get the second IMF component of 
x(t) designated as c2, the above procedure can be repeated to get nth IMF component until the residue, 
rn becomes a monotonic function from which no more IMF can be extracted. Thus, we achieved a 
decomposition of the data x(t) into n-empirical modes, and a residue rn, where ci, (i = 1,…,n), contain 
different component of the signal from high to low frequency bands respectively. Frequency 
components in each band are different to other bands. The residue rn is the mean trend of signal x(t). 
 
3. Simulations 
 

The chaotic signal which is created by Lorenz equation are adopted as the background signals. The 
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equation can be written as follows: 
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            (6) 
where: , . .In the paper, the classical fourth order Runge-Kutta algorithm is 
used to gain the time series of the equation (6). The initiatory 10000 data points are abandoned in the 
experiments to ensure the  chaotic signal x(k) isn’t affected by the initial conditions. To validate the 
effectivity of the method, the harmonic signal is submerged in the background signal which is the 
mixed of chaotic  signal and Gaussian colored noise . When Gaussian white noise pass though a low 
pass filter, the Gaussian colored noise is available , here the bandwidth of low pass filter is 20hz.   In 
the following , harmonic signals are estimated by using the proposed method  in different conditions. 

 10p1 = , 3/8p2 = 28p3 =

 
3.1.Simulation 1 
 

Here the interference signals are chaotic signal and colored noise. The initial values of the Lorenz 
system are（1，5，9），the harmonic signal is 0ω =2.5HZ , A=0.7, the Gaussian colored noise is the noise 
which Gaussian white  noise pass though a low pass filter , the variance of Gaussian white  noise is 
15 and the signal sampling frequency is 100HZ. The figure 3 shows the sinusoidal signal is submerged 
by hybrid signals completely. 
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Fig 1. The power spectrum of x1 belonging to Lorenz system 
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Fig 2.  The power spectrum of forth-order -cumulant of x1 belonging to Lorenz system 
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Fig 3. (a) the time series of the hybrid signals (b) the power spectrum of the hybrid signals 
 

In order to make the sinusoidal frequency of the new data sequences does not exist in the central 
frequency bandwidth of the other  components , the value of m should choose a bigger value. Figure 
4a shows the part of first mode component c1 which is created by EMD decomposition of the new data 
sequence, since the modes of the EMD decomposition still contain a few adjacent mode components, 
the cross power spectrum is used to detect the sinusoidal frequency of the mode components. Figure 4b 
shows that the sinusoidal frequency to be detected is 25/10=2.5HZ. To validate the reliability of the 
method, figure 5 shows the cross power spectrum of c1 ,where m=12, the sinusoidal frequency to be 
detected is also  30/12=2.5HZ. 
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Figure4. (a) part of the first mode component ( c1) of new data sequence   (b) m=10, the cross 
power spectrum of c1  
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Fig 5. m=12, the cross power spectrum of c1  
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.2. Simulation 2 
of the Lorenz system are（10，5，9），the sinusoidal frequency is 3HZ and the 

am

 
3

The initial values 
plitude is 0.6 , the variance of the Gaussian white noise is 15 , the signal sampling frequency is 

100HZ. Figure 6 shows the mixed signal time series and its power spectrum. Figure 7 shows the cross 
power spectrum of c1 which is the first mode of new data sequence, where m=10. The sinusoidal 
frequency to be estimation is f=36/12=3HZ. 
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Fig 6. (a) the time series of the mixed signals (b) the power spectrum f the mixed signals o
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Fig 7. m=12, the cross power spectrum of c1  
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Fig 8. m=8, the cross power spectrum of c1  
 
 
 



New York Science Journal, http://www.sciencepub.org, ISSN 1554-0200 
 

 18

3.3. Simulation 3 

Here the interference signals are chaotic signal and Gaussian colored noise. The initial values of the 
Lo

4. Conclusions 

Chaotic signal process is a hot topic in recent years.  Because of the high complexity of the chaotic 
sig

orrespondence to:  

unication Engineering,  
a  

 

 

renz system are（1，5，9），the sinusoidal  frequency is 3.5HZ, the amplitude is 0.7, the variance of 
the Gaussian white noise is 15. Figure 8 shows the cross power spectrum of c1 ,where m=8. It’s clear 
that the sinusoidal frequency is f=28/8=3.5HZ.   

 

 

nal, the general methods to detect the signals in the chaotic background are limited. In the paper, a 
new method is proposed. It uses the forth-order-cumulant character of the chaotic signal and sinusoidal 
signal . By adopting some specific principles ,a new forth-order- cumulant data sequences is available. 
In the new data sequences, the increase of the sinusoidal frequency makes it not exist in the central 
bandwidth of other components .this can reduce the difficulty of detecting sinusoidal signal. Based on 
empirical mode decomposition theory, the sinusoidal signal frequency is detected from the new 
reconstructed data sequence . Since the Gaussian colored noise has inherent forth-order- cumulant 
character  , the method can be used to detect harmonic signal frequency which exists in the complex 
interference background such as the strong chaotic signal and Gaussian colored noise. In the simulating 
experiments, sinusodial signals are submerged in the strong hybrid noise, which can’t be detected either 
in the time domain or in the frequency domain , however ,the proposed approach  can estimation the 
sinusoidal frequency accurately in  different conditions. The method is simple and feasible, it needn’t 
to know the general parameter and initials of chaotic system and the calculations of the algorithms are 
small, it has important meaning in the practical application of chaotic signals . 
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Abstract: Vertical Electrical Soundings (VES) with Schlumberger configuration were conducted in Daibega 
area (Southwest Erbil City – Iraqi Kurdistan Region). The area is a plain occupying a broad syncline. Obtaining 
some aquifer parameters, locating favorable groundwater zones, water depth and water types in the area were 
the aims of this study. For those purposes 26 VES's with 800m current electrode separation were conducted 
within the watershed area. Interpreted VES data were correlated with some existed borehole columns. A present 
iso-salinity map of the area was used to obtain the resistivity values of the aquifer water and correlated with 
resistivity values of aquifer rocks. An iso- depth map for the estimated water table also was constructed. Based 
on VES interpretations integrated with the previously present data the study showed mostly poor zones of fresh 
waters. Depth of water table is in the range of 50m in the central parts of the area increasing towards north and 
south reaching about 80 m. [New York Science Journal. 2008;1(3):20-37]. (ISSN: 1554-0200). 
 
Keywords: Electrical Resistivity Survey; Daibega Plain; Southwest Erbil City; Iraqi; Kurdistan 
 
 
1. Introduction 
  The rectangle-shape of the northwestern half of the Daibega plain which is tested electrically in this study is 
situated some 50km southwest of Erbil City covering an area of about 450km2 (Fig. 1).  
Other than rain in winter and spring seasons no surface water supply sources or water projects are present for 
most of the villages within the plain. The only source is the underground water. A lot of hand-dug and some 
deep wells have been drilled. Many of them are not suitable for human drinking because of salinity of their 
water. Salts are mainly because of the gypsum which exists as one of the lithological units of the Lower Fars  
Formation.       
  The resistivity method involves measuring the electrical resistivity of earth materials, by introducing an 
electrical current into the ground and monitoring its developed potential field. In most earth materials, 
electricity is conducted electrolytically by the interstitial fluid. The resistivity is controlled mostly by porosity, 
water content and water quality than by the resistivities of the matrix (Ayer, 1989). The main target is the 
identification of horizontal and vertical variations in lithology (including water type in pores), which lead to 
clarify the structural picture of the subsurface. 
 
 
2-Geology 
  The area according to Numan, 1997 is located within the Zone of "Suspended Basins' of the Quasiplatform 
forland. This area is equivalent to the so-called "Foot Hills Zone” which belongs to the “Folded Zone" in 
former literature of the tectonics of Iraq (Buday and Jassim, 1987) (the upper box in Figure-1). This zone is 
characterized by relatively long double plunging anticlines with broad synclines in-between. They mostly trend 
in the NW-SE direction. The Daibega plain is a syncline between the two anticlines Avana in the northeast and 
Qerechugh in the southwest. In the north of the plain a third anticline (Gwair) is present in an en-echelon 
position (Figs. 1 and 2).     
  The oldest rock formations present in the area are those which belong to Oligocene age. These rock 
formations collectively form the core of the Qerechugh Anticline (Fig. 1). This figure also shows a cross 
section across the plain Table 1 shows a summary for all exposed formations in the area (cited in Al-Sudany, 
2003).  
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Table 1. Stratigraphic Summery in Daibega area 
 

Formation Age Thickness (m) Description 
SheikhAlas, Shurau, Targil, Baba
Bajwan, Azkand and Anah 

Oligocene ~200m Different types of limestone ( Fossiliferous, 
Dolomitiic,  Chalky or Recrystallized) 

Euphrates Formation L.-M. Miocene 40-45 Dolomitic Limestone 
Lower Fars  M. Miocene 123-200  Limestone, Claystone and Gypsum 
Upper Fars  U. Miocene 46-141 Sandstone, Clatstone and Siltstone. 
Lower Bakhtiari L.Pliocene 42-200 Sandstone, Clatstone and Siltstone. 
Upper Bakhtiari U. Pliocene 30-50 Conglomerate 
Quaternary Pleistocene- 

Holocene 
~10 Sand, Silt, Clay and Gravel  

      
 
  The studied area ranges topographically from mountainous reaching altitude of 750m.a.s.l. in the Qerechugh 
series and more than 400m.a.s.l. in the Avana series (Fig. 2) while the plain is in the range of 300m.a.s.l. The 
central area of the plain is slightly elevated relative to both the northern and southern parts, hence valley 
courses drain water due to north (Greater Zab River) and south (Smaller Zab River) following dendritic and 
parallel patterns. Physiographycally the area belongs to the undulated zone of the Iraqi territories. 
 
3-Resistivity Survey and Hydrogeology 
  Geo-electrical resistivity techniques are popular and successful geophysical exploration for the study of 
groundwater conditions in the world. The resistivity of materials depends on many factors such as groundwater 
salinity, saturation, aquifer lithology and porosity (Lashkarippour et al., 2005).  
  Relationships between aquifer characteristics and electrical parameters of the geoelectrical layers have been 
studied and reviewed by many authors (Kelly, 1977; Niwas and Singhal, 1981; Onuoha and Mbazi, 1988; 
Mazac et al., 1985; Mbonu et al., 1991; Huntley, 1986, Lois et. al. 2004 and Asfahani, 2006. Some researchers 
assume that the geology and ground water quality remains fairly constant within the area of interest and the 
relationships between aquifer and geophysical parameters deduced, are based on this assumption (Niwas and 
Singhal, 1981; Mbonu et. al., 1991). Mazac et. al. (1990) analysed the correlation between aquifer and 
geoelectrical parameters in both the saturated and unsaturated zones of the aquifers. 
  Geophysical methods can now contribute substantially towards this initiative and can greatly reduce the 
number of necessary pumping tests, which are both, expensive and time consuming. The area of Daibega plain 
was selected as a test area to provide information on the aquifers hydrodynamic characteristics, by means of 
correlation tests performed between electrical parameters measured by surface geoelectrical soundings and 
aquifer characteristics obtained from a certain number of boreholes in which lithology is deduced and salinities 
were measured. 
 
4-Data Acquisition 
Electrical resistivity soundings are generally used to determine electrical resistivity variations as a function of 
depth.  The ABEM Terrameter SAS300 was utilized in data gathering. A total of 26 Vertical Electrical 
Sounding (VES) were undertaken in 18 villages (Fig. 1) in the Daibega plain, one VES in each site. In four of 
the villages extra-two points were tested to obtain local shallow subsurface pictures.  Six of the VES points 
were conducted nearby existed boreholes for correlation purposes. The Schlumberger electrode arrangement 
was used for the measurements. This type of arrangement is widely used in explorations because it is an 
efficient means of collecting a large number of data points (time effective in terms of fieldwork) and these 
observations are sensitive to the lateral position and depth characteristics of the resistivity distribution. All 
spreads of electrodes were designed to be in the NW-SE direction (i.e. parallel to the general structures strike). 
The maximum current electrode spacing (AB) was 800m. in all sounding points. 
  The TDS data used in this study were extracted from an iso-salinity map constructed at the beginning of 2001. 
This map was constructed depending upon the analyses of water in many locations within the Mekhmoor 
District which Daibega area is occupying the northeastern sector. Among the water wells that Al-Sudany, 2003 
used are the six boreholes which were depended upon in this study for the purpose of correlation with sounding 
results.  
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5-Interpretation   
  The first stage of any interpretation of apparent resistivity sounding curves is to note the curve shape. This can 
be classified simply for three electrical layers and then combined to describe more complex field curves that 
may have several more layers (Reynolds, 1997). This step is called qualitative interpretation. Examples of field 
curves are given in Figure-4. 
  The visual inspection of the field data showed the presence of twelve types of curves. This large number of 
types reflects the horizontal variations that characterize the plain (Table 2). The first three layers in all sites are 
either of the following types; H, K or A. Q-type is not present anywhere in the area. Three sites showed six-
layer case. They are located within the two anticlines of Qerachugh and Avana.   
Sounding curves were interpreted quantitatively using the IPI2WIN Russian program. More than one iteration 
were tried to reach the best fit between the field curve and the calculated one. Examples of the results are given 
in Figure-3. The range of error in all of the interpretations was acceptable restricting between 0.03 and 5 
depending upon the field data which were generally of good quality. Final results of the interpretation of all 
data in the 26 sounding curves are shown in Table-2. Numbers in this table are referring to villages that their 
names are given in Figure-1. 
        

Table 2. True Resistivity and Horizon Depths. 
 

ρ: resistivity (Ohm.m), D: depth to horizon (m) 

VES No ρ1 ρ2 ρ3 ρ4 ρ 5 ρ6 ρ5 D1 D2 D3 D4 Curve typ
1 26 18 59 2 12   1 5 47 109 KH
2 130 233 29 12    1 4 12  A
3 84 291 31 19    2 3.4 89.4  A
4 215 135 62 34 1   1 10 49 282 AA
5 76 21 117 21 30 12 1 2 10 50 207 KHK
6 67 103 13 52 4   4 20 43 202 HK
7 43 22 100 13 20   1 2 7 54 KH
8 83 196 16 33 13   1 1.8 7 37 HK
8A 230 23 84 16    2 4 33  HK 
8B 70 15 26 8 17   1 7 8 41 HKH 
9 104 1 38 6 12 17 1 1 2 4 127 HAA
10 65 183 16 9 20   1.5 2.5 17 56 HA
11 94 29 9 13    1 5 92  H
11A 34 5 14 6 17   1 1 18 94 HKH 
11B 43 17 6 13    2 14 86  AH 
12 15 19 9 18 9   3 10 39 116 KHK 
13 109 18 10 25    1.5 50 145  H
14 146 29 5 8    1 3 52  K
14A 48 36 6 3 10   1 8 43 74 AAH 
14B 103 21 2 7 12   1 2 1 135 AHQ 
15 79 10 25 13    1 35 95  K
16 103 85 27 49 19   4 12 63 154 HK
17 101 26 10 17    1 2.5 106  K
18 19 3 56 8 52   1.5 3 20 45 KHK
18A 19 4 68 13 65   1 2 10 19 HKH 
18B 52 107 20 54 17   1 1 12 46 KHK 

 
The following observations could be concluded from this table: 

1- A maximum resistivity value of 291 Oh.m. was registered in VES 2 while a minimum of 1 Ohm.m. 
was registered in the deeper parts of  VES 4, 5 and 9. 

2-  Majority of the VES curves showed the presence of five electric horizons (14 points out of 26).  
3- Maximum depth of investigation was 282m below surface in VES 4. 
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4- VES 2 and 3 have the maximum values of resistivity among all. They are located within the boundary 
of Gwair Anticline. 

5- The resistivity value of the uppermost horizon ranged from 15 to 230 Ohm.m. 
 
6-Correlation with Existed Wells 
  Six of the VES points were correlated with six of the nearby existed wells (Figs. 4 and 7). The following 
observations could be given: 
1-Water table depths as interpreted from the resistivity data are consistent with those of the wells to a good 
extent if we keep in mind that the drawdown is a normal phenomenon in Erbil and surrounding areas due to the 
drought conditions which the whole area suffered cyclically during the last ten years. Resistivity measurements 
in this study were taken about four years after the date of obtaining the well columns in 2001 (Al-Sudany, 
2003). From the resistivity data the water table depth is deeper in all six localities than those of wells. This 
difference is attributed to the above-mentioned drawdown. 
2-Resistivity values of the aquifer rocks range between 8 and 34 Ω.m. The minimal values indicate salty water 
contents. 
3-The aeration zone in the wells is composed of mixture of clay, silt and sand with variable ratios. Their 
resistivity value ranges from 5 to 62 Ω.m. depending on that ratio and salty materials content. The electric 
properties of the aeration zone are subject to seasonal or sporadic changes which depend mainly on the amount 
of precipitation and on the temperature and barometric conditions (Ogilvy et al., 1980). 

    
7-Iso-Prameter Maps 
7.1-Iso-Resistivity Map of the Aquifer Rocks 
  The map of the iso-resistivity values in the Daibega plain (Fig. 5) shows two main anomalous zones. The high 
values are located in the area north of Mekhmoor town occupying the western central parts while the lower 
values are occupying the central northern parts. According to this map the first zone is likely to be better for 
obtaining waters of lower values of salts relative to other zones of the studied area.  
 
7.2- Iso-Resistivity Map of the Aquifer Water 
  Aquifer water conductivities (inverse of resistivity) of the Daibega area were derived depending upon the 
values of Total Dissolved Salts (TDS) aforementioned by multiplying them by (1.4). This conversion factor 
was used to make the resistivities in units of  Ω.m. (Geo-Hydrology.com) 
  This conversion factor is often used when actual factor of a certain area is not known. Table (3) shows 
conductivity and resistivity values as well as some other aquifer factors. 
 

Table 3. Some Aquifer Parameters. 
 

VES No. ρ aquifer.rocks W.T.D. T TDS  σ  ρ water 
1 7 47 62 500 700 0.149 
2 12 12  900 1260 0.083 
3 19 89  1400 1960 0.053 
4 34 49 23 500 700 0.149 
5 21 50 157 4200 5880 0.0177 
6 13 20 23 3750 5250 0.0198 
7 20 45  5000 7000 0.0148 
8 13 37  3400 4760 0.022 
9 12 127  3400 4760 0.022 
10 20 56  4000 5600 0.0186 
11 13 92  2700 3780 0.028 
12 18 39 75 1280 1400 0.074 
13 10 50 95 450 630 0.165 
14 5 52  1400 1960 0.053 
15 25 95  4500 6300 0.017 
16 49 63 83 3000 4200 0.025 
17 17 102  1800 2520 0.041 
18 8 20  500 700 0.149 
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            ρ : resistivity (Ohm.m.),   σ: conductivity (µs/cm),   T: thickness (m), 
           TDS: Total Dissolved Salts (ppm),   W.T.D.: water table depth (m). 
 
  Figure 6 shows the map of iso-conductivity values of the area. This map indicates a sharp subdivision between 
a low-conductivity values zone in the northwestern part and a high values zone in the southeastern part. The 
former part is being related geologically to the northeastern plunges of both the Qerachugh and Avana 
Anticlines and the Gwair Anticline. This geological subdivision is reflected as change in conductivity 
distribution which is also affected by the topographic change along the same direction (see also Figure-2)  
  The map of the iso-resistivity of the aquifer water (Fig. 7) on the other hand shows three zones of high 
resistivity water (Zones A, B and C in figure 7). The first one (A) occupies the area of high resistivity aquifer 
rocks mentioned above in figure (6) north of the Mekhmoor town. The coincidence of these two types of data in 
the same zone gives a clue that this zone is actually the better from the water type point of view in the studied 
area. Geologically this zone is located on the northeastern limb of the Qerachugh Anticline. This limb is steeper 
than the northeastern limb of the syncline (southwestern limb of Avana Anticline) (Fig. 1). Because of the high 
dip it seems that the depth of investigation of the resistivity method used in this study (VES 5, 6, 8 and 9) as 
well as the water from which the TDS tests were taken are within the uppermost rock formations. These are the 
Upper Fars, Lower Bakhtiari, Upper Bakhtiari and Quaternary deposits. They collectively overlie the main 
source of salts in the area which comes from the Lower Fars Formation.  
  Zones B and C on the other hand have almost the same geological conditions. The first is located on the 
southeastern Gwair Anticlinal plunge near to the narrow syncline between Gwair and Qerachugh Anticlines 
while the second occupies the northwestern plunge area of Avan Anticline.     
  The southeastern parts on the other side show decreasing of resistivity values towards southeast. This indicates 
the increase in salts and coinciding with the decrease in rock resistivities (Fig. 5) and increasing conductivities 
(Fig. 6).  
 
7.3- Iso-Depth Map of the Water Table  
  The depth to water map in Figure-8 shows that the central parts of the north and south show higher depths 
(more than 50m) for water table than the central area (less than 50m). The six VES points that were carried out 
near water wells show good consistency in results. Again a subdivision between the northwest parts of the 
whole area with the southeastern part can be noted. This can be related as mentioned before with the surface 
topography which in turn may reflect structural features. 
 
8-Geo-electric Sections 
  These sections are the vertical distribution of resistivities within a particular volume of the earth. The section 
consists of a sequence of uniform horizontal (or slightly inclined) layers (horizons). The layer’s true resistivity 
is noted on each one for each VES sounding. After that several sections for VES points which are located on a 
certain traverse can be linked together to show a cross sectional view of the traverse. Each layer (horizon) in a 
geo-electrical section my completely be  characterized by its thickness and true resistivity. 
1-The two geo-electric sections A and B in Figure-9 were constructed between VES's 14, 15 and 16 and VES's 
6, 7 and 17. They show the subsurface configuration along lines cutting the Avana structure in the E-W 
direction (Fig. 9A). and cutting the plain in-between the two anticlines (Fig.9B), in the NE-SW direction. 
Though the number of VES points is not so adequate to make a full interpretation, some conclusions could be 
derived however.  
  In the first section more than one inter-fingering within horizons can be observed. Below water table, the 
aquifer seems to be containing fresh water up-slope (towards east) while being more salty down-slope. Water 
salinity also increases downward deeper in the aquifer. The aquifer is likely to be confined since it is covered 
by a clayey horizon which diminishes eastward. 
In the second section (Fig. 9B) the general shape of the syncline can be noted. Two main horizons are present 
other than the uppermost horizon which represents Quaternary deposits. A clayey horizon increasing in 
thickness towards northeast is covering the aquifer again making it confined. The boundary between fresh and 
saline waters is roughly marked.  
2-Four other local geo-electric sections were constructed in four localities. These are in the villages [Malik 
Agha (VES's 8, 8A and 8B), Chghlok (VES's 11, 11A and 11B), Said Obied (VES's (14, 14A and 14B) and 
Chilhaweza (VES's 18, 18A and 18B) (Figs. 10A and B and 11 A and B respectively). 
  Three of these sections show the presence of salty water (Fig. 10A and B and Fig. 11A) while the fourth 
section indicates the presence of fresh water in the aquifer (Fig. 11B). This latter section represents the locality 
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18 (Chilhaweza village) which is situated on the crest of the Avana Anticline. Figures 10B, 11A and 11B show 
that the aquifer is overlain by clayey horizons. The section in figure 10A is constructed depending upon some 
cropping out rocks which belong to Lower Fars and Upper Fars Formations.  
 
9-Conclusions 
  Daibega simple hummocky plain was surveyed using the resistivity method by taking (26) VES points. Data 
was interpreted qualitatively and quantitatively. The results were integrated with some previous 
hydrogeological data. The following points are concluded: 
1- Twelve different sounding curve types were obtained representing four to six horizons (Table-2). 
2- Estimated water table depths are in acceptable consistency with those obtained from the water wells (Figs. 4 
and 8). This depth is less than 50m in the central parts increasing towards north and south to reach about 80m.  
3- The high resistivity values of aquifer rocks are located in the area north of Mekhmoor town occupying the 
central parts while the lower values are occupying the central northern parts (Fig. 5).  
4- Aquifer water resistivities are distributed in three zones of high values. They occupy the northwestern areas 
while values decrease in the southeastern areas (Fig. 6). 
5- Six geo-electrical sections were constructed. Two of them cut the Daibega plain and the Avana Anticline 
respectively while the other four are local in four different sites (Figs. 10 and 11). The (regional) sections show 
an invasion of salty water in the down-slope direction.  
Among the four local sections the locality 18 (Chilhaweza village) gives indication for the presence of fresh 
water. This site is located on the crest of Avana structure.  
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