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Abstract—Dye diffusion study to obtain the horizontal diffusivity is often carried now a day. Data 

obtained by Indomer coastal hydraulics by conducting dye tracing experiments at several parts of coastal 
India, were used and have been analyzed to estimate horizontal mixing coefficients.  The data of these 
studies are used to find out the dispersion coefficients and the oceanic diffusivity is reviewed. Analysis of 
the data from the 3 sites which had the most complete data sets showed that the horizontal dispersion 
coefficient ranged from 0·443×106to 6.5×106cm2/sec. The estimated mixing coefficients are compared with 
those values obtained by earlier studies  
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I. INTRODUCTION 
Two methods are employed generally to obtain the horizontal diffusivity of the coastal waters. In one 

method turbulent velocity component of the current meter data is analysed to obtain the horizontal diffusivity.  

The other method uses the dye diffusion study.  In fairly calm regions of the sea without prominent divergence 

or convergence, the horizontal diffusion is likely to be dominant and the dye diffusion study supposedly gives a 

good estimate of horizontal diffusivity. Such dispersion studies were more or less limited to the open ocean so 

far  [1] reported the eddy diffusion coefficients ky and kz to have the values of 3.06 x 108cm2/sec and 0.054 

cm2/sec respectively for the Equatorial Indian Ocean.   

Rhoda mine dyes are generally preferred to other chemicals and radioisotopes for the estimation of 

diffusivity in the sea, because of (a) the remarkable detectability of the rhodamine family of dyes, especially 

Rhoda mine B—concentrations smaller than 0.03 µg/kg may be detected in a modern fluorometer, and (b) the 

simplicity of fluoro metric testing procedures— special training is not required and dye concentrations are 

determined instantaneously without special preparation of the sample. Further Rhoda mine (B) is considered 

most accessible, stable, harmless and convenient to use for environmental investigations [2].  Rhoda mine dye 

tracing is used by government and municipal agencies, national research laboratories, universities, and industrial 

groups in several applications, which include stream flow measurements, estuarine dispersion studies, herbicide 

tracing, and ground-water studies. 

The number of methods for estimating the magnitude of horizontal diffusion coefficient was summarized 

[3]. Using the available data on dye diffusion along the east coast of India, the horizontal diffusivities of coastal 

waters are estimated. The overall characteristics of horizontal diffusivity in this coastal region are reviewed. 

II RHODAMINE DYE EXPERIMENT 

The horizontal diffusivity is estimated by instantaneously releasing rhodamine dye from a point in the sea and 

tracing the spread of the dye cloud. The rhodamine dye dissolved in methanol in the proportion 1:5 has a density 

of approximately 0.8 g/cm3.  Before releasing the dye solution in the sea, its density is increased by adding 

concentrated NaCl solution.  Nearly 50 litres of dye solution contained in a barrel is lowered into the sea from a 
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small boat and the barrel opened on both ends at the point of injection. In this experiment, the dye concentration 

in the vertical direction is assumed to be homogeneous and it is traced continuously using in-situ flurometer.  

The time taken to trace the dye concentration over the whole diffusing patch increases as the patch grows. 

During the final stage of the growth, the patch breaks up into several smaller patches.  An alternative method of 

dye cloud observation is to take aerial photographs, which give only its area. The area of the dye cloud increases 

with time attains a maximum and finally vanishes from the sea surface. During the 100 hours or so of the 

experiments the area of the dye patches grew from less than 1 km2 to more than 50 km2 [4]. 

The motion of the patch of the diffusing dye patch in the sea is a sort of irregular meandering of its centre of 

mass, and we are interested mainly in the distribution of the diffusing substance around the centre of mass.  At a 

time t after the release, the shape of the isolines of dye concentration will be always irregular in an individual 

experiment and the point of maximum concentration may not necessarily coincide with the centre of mass, while 

it is reasonable to expect the relative distribution around the respective centres of mass to have the same 

statistical properties, since eddies with sizes less than or equal to that of the diffusing patch determine the 

distribution of concentration in the patch. The irregularity in the shape of isolines is caused by the local shear in 

ocean currents transporting the dye patch and the non-homogeneity of the larger scale turbulence in the sea. 

Measured horizontal concentration distributions constructed as lines of equal concentration are shown in Figs. A 

and b. It is clear that the dye patches show a tendency to elongate in the direction of the mean current with a 

clockwise curvature from the leading edge to the trailing edge. The leading edge of the elongated dye patch 

generally contained higher dye concentrations than the trailing edge .These features of dye patch diffusion are 

no doubt attributed to wind-induced Ekman transport and the associated vertical current shear in the mean flow. 

Similar observations have been made by others. The horizontal dye distribution usually appears asymmetrical in 

the sense that the characteristic length is larger in one direction the other.  

Hence, dye releasing experiments are supposed to be carried out for a large number of times with the same 

amount of dye solution.  When we super impose an infinite number of such dye distributions observed at the 

same time interval after the beginning of each experiment upon each other, in such a way that the centers of 

mass coincide, and when we average over all the superimposed distributions, we can expect a rotationally  

symmetric distribution of substance (owing to a premise that the smaller eddies responsible for the relative 

distribution are stationary and homogeneous and even isotropic) around the centre of mass; which in other 

words, the concentration distribution in the mean picture of the diffusing dye patch due to turbulence is only a 

function of time’t’ and distance ‘r’ from the centre of mass.    

But the concentration distributions from limited number of dye release experiments will show large 

irregularities, which require some sort of averaging of the observed instantaneous concentrations. As we seek 

only the average diffusivity in turbulent diffusion problems in the sea, the measured distribution of dye 

concentrations is replaced by concentric distributions. Iso-lines of different concentrations are drawn, and the 

corresponding equivalent radii are determined.  In practice, sometimes horizontal diffusivity is determined from 

a single dye release experiment.  In such cases, the observed concentration distribution will not usually be 

rotationally symmetric and equivalent radii of surface areas enclosed by different isolines are calculated. This 

radius r is defined as the radius of circle having an area equivalent to the surface enclosed by each isoline. If one 

imagines in each dye releasing experiment a marked particle of the dye substance is introduced, it can be easily 
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seen that the average concentration distribution of the dye is a measure of the probability density function of the 

marked particle being found at a distance r from the centre of mass after time t.  With this approach a diffusion 

equation is derived (Okubo, 1962), which gives the space-time distribution of the concentration of diffusing 

substance in the sea as, 
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where C is dye concentration, M is the value related to the total dye quantity, r is the radius from centre of mass 

of the patch, t is time and k, m and n are parameters of the diffusion theory adopted.  

 The parameters and some important values related to different diffusion theory were given by [5]. The 

lifetime for dye cloud, T, and the time the dye cloud attains the maximum tm. 

III. ESTIMATION OF DIFFUSION PARAMETER. 

From the measured maximum concentration at the centre of the patch, the apparent horizontal diffusion 

coefficient could easily be computed. However, as it cannot be guaranteed that the maximum concentration 

really occurs at the centre of the patch, this method might give relatively higher value for the coefficient.  For 

example, the plume centre line may not be steady, resulting in a meandering plume (see Kristensen, Jensen & 

Petersen 1981 for example). Additionally, the dispersion coefficient may not be constant, but instead may vary 

with location, or even with the plume characteristics itself [6]. 

 

Fig. 1 Dye cloud area Vs Time. 

By fitting the measured distributions of dye release experiments to the theoretical space-time distribution (Eqn. 

1) the diffusion parameter k corresponding to different theories can be determined. 

With the observed concentration distribution, the horizontal diffusivity can be calculated as the temporal rate of 

increase in dye cloud area.  Given the dye cloud area Si at time ti, i=1,2,…, the horizontal diffusivity is 

calculated as follows,                                                              
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The equivalent radius ri associated with the dye cloud area is given by,   
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The other technique to obtain horizontal diffusivity is to regard the peripheral concentration of a dye cloud as 

constant and the equivalent dye cloud radius r with respect to time t is fitted to the reduced form of Eqn. (1)[7] 

given by,   

( )
( )

( )
o

m
o

n
o

n
o

m
o

t
t

e
rtmk

tt
rr 1

1

1 log
log

21 =− ....(4) 

                      

                                   Fig. 2 Fitting of dye cloud area with oceanic diffusion theories. 

Based on the method originally proposed by [8] for the atmospheric diffusion, which is applicable for the simple 

Fickian diffusion law, a generalized method to include various theories of oceanic diffusion is proposed. In this 

method, the concentric horizontal dye distribution given by Eq. (1) is assumed. Assuming the peripheral 

concentration discernible by an aerial photograph is constant, the dispersion radius of the dye concentration 

distribution is defined as, Because of t      
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The dispersion radii for various theories of oceanic diffusion are given in Table 1. Eliminating time dependence 

from the solution of the diffusion equation (1) using the result of Eq. (5), and noting that the radius r vanishes at 

the lifetime T, one obtains the expression for dispersion radius, 2
rσ  in 2

rσ  terms of the maximum radius rm, 
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where constants a and b are given in Table 2. Fig. 5 gives the relationship between dye dispersion and dye cloud 

radius as given by Eq. (6) for two typical cases of Okubo-Pritchard (OP) and Obukov (Ob) (two cases give the 

identical relationship), and Ozmidov (Oz).  It shows that the dispersion radius uniformly increases as the dye 

cloud radius increases, hits the maximum and then decreases to null. Fig gives the typical application of this 

method by plotting the dispersion radius calculated from Eq. (6) out of the data of Fig. 2 versus time.  

Comparing with the time dependence of the dispersion radius given in Table 1, the theory of either OP or Ob 

appears to have an edge over that of Ob. Okubo [6] used data from 20 carefully selected instantaneous dye 

release experiments, 

with time scales ranging from 2 hr to 1 month, and length scales ranging from 30 m to100 km. He assumed that 

the dye experiments were radially symmetric, thus computed the variance for a radially symmetric distribution 

(σrc
2). 

 

 
                     Fig .3 Horizontal diffusivity calculated with the simple method Eq. (2). At various coastal seas 

Fig. 3 shows the plot of ki versus ri calculated from the data .In this particular example, it can be seen that 

because of the small number of data, Fig. 3 does not show a dependence of k on‘ r’ as expected from the oceanic 

diffusion theory. Fig. 2 gives the example of the plot of the left-hand-side of Eq. (4) versus t/t０ for OP, Oz and 

Ob. The diffusion theory is tested whether or not the plotted points follow a straight line in this semi-logarithmic 

figure. It can be seen from Fig. 4 that Ob best fits the data although this plotting appears to depend on the initial 

value. 
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Table 1  Important features of different solutions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV CONCLUSION 
 

To calculate the dispersion radius out of the dye cloud radius is an excellent method since in that the time 

dependency of the dispersion radius is simple and straightforward. From the available data the simple method 

applied to obtain the horizontal diffusivity versus the length scale as shown in Figure.3, and it should be 

regarded as the basic data for the coastal, calm sea. One can draw a conclusion and pleases to apply any of the 

oceanic diffusion theory given in Table.1.Horizontal mixing and dispersion in the region is strongly influenced 

by the prevailing wind.  
Dispersion coefficients are found to be the order of 0·443×106to 6.5×106cm2/sec which is the order of 

magnitude higher compared to the coefficients used for the modelling of surf zone by [9] and also the work done 

by [10] but they are Clear and logical  with the values measured by [11] in similar oceanographic conditions. At 

the initial stages of diffusion, when the dye patch is small (order of hundreds of meters), marked anisotropy of 

turbulence, combined with 'shear diffusion' due to vertical shear in the horizontal mean current, gives rise to an 

apparent increase in the longitudinal diffusion of the patch, whereas for large diffusion times, when the patch 

increase to the size of kilometres, localized, non-uniformities in the flow do not appear to influence the overall 

diffusion of the patch. 
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The value of effective eddy diffusivity reported by [12] as 24.7 x 106cm2/sec and 1.2 x 106 cm2/sec for 

Visakhapatnam during March and December (1991) respectively showing a higher value of eddy diffusion by 

one order under rough weather conditions.  
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