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Eddy Diffusion in Coastal Seas: Observation and Fractal
Diffusion Modelling
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Abstract[ ] We measured the variance of eddy diffusion and associated ‘diffusion coefficients’ in coastal

regions of Korea by observing the scparation distances among multiple drifters deployed simultaneously at the

same initial position. The variance of eddy diffusion was found to be proportional to ", where ¢ is the time

and m is a non-integer scaling exponent between 1.5 and 3.5. The observed scaling exponent of eddy diffusion
cannot be reproduced by diffusion models employing constant eddy diffusivity. In this study, we applied

fractal theory in simulating exponential increase of variance of eddy diffusion. We employed the fGn(fractional

Gaussian noise) as a modified random walks corresponding to the oceanic eddy diffusion. The variance of

eddy diffusion, which corresponds to the fBm(fractional Brown motion) of our diffusion model, is proportional

to IZH,

where H is Hurst scaling exponent. The temporal increase of the variance, with scaling exponent

between 1 and 2, was successfully reproduced by our fractal diffusion model. However, our model cannot

reproduce scaling exponent greater than 2. The scaling exponents greater than 2 are associated with the

velocity shear of the mean flow.

Keywords : fractal, eddy diffusion, Hurst exponent, fractional Gaussian noise, factional Brown motion
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Table 1. Summary of drifter tracking experiments.

117

Experiment site Date (Moon's age) Tracking time Equipment*
Asan Bay Oct. 18, 1993 ( 2.7) 09:17-12:02 GPS
Off Youngkwang May 16, 1995 (16.3) 10:36-11:05 DTS
Oct. 26, 1995 ( 1.9) 13:37-14:21 DTS
Kwangyang Bay Sep. 11, 1993 (24.5) 12:09-15:06 GPS
Nov. 14, 1993 ( 0.2) 17:02-17:42 GPS
Off Samchonpo Apr. 29, 1995 (28.9) 11:36-13:31 DGPS
Nov. 20, 1995 (27.0) 13:09-15:04 DGPS
Feb. 28, 1996 ( 9.2) 14:45-16:21 DGPS
Jinhae Bay Oct. 2, 1993 (16.1) 10:40-14:04 GPS
Mar. 27, 1995 (25.6) 13:02-15:02 DGPS
Nov. 10, 1996 (28.5) 11:55-14:15 DGPS
Off Noksan Jan. 26, 1995 (24.7) 13:50-15:12 DGPS
Jan. 26, 1995 (24.7) 15:18-16:34 DGPS
Suyoung Bay Jul. 20, 1996 ( 4.4) 15:13-16:50 DGPS
Off Kori Aug. 17, 1994 ( 9.8) 12:27-14:48 DTS
Jan. 17, 1995 (15.7) 12:35-14:25 DTS
Off Wolsung Jul. 28, 1994 (19.3) 14:22-15:40 DTS
Nov. 24, 1994 (20.6) 12:14-14:14 DTS
May 11, 1995 (11.3) 11:26-12:57 DTS
Ulsan Bay Nov. 11, 1995 (18.0) 08:40-11:04 DGPS
Off Uljin Jul. 29, 1994 (20.3) 13:25-15:16 DTS
Feb. 22, 1995 (22.2) 12:16-13:27 DTS

*DGPS=Differential GPS, DTS=Decca Trisponder System
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Table 2. Variance (%) of separation and eddy diffusivity
(X) assocmted with separanon distances of drif-
ters (¢° in m’, K in m*/sec).

Experiment site Hours Variance  Diffusivity
(6" K)
Asan Bay 22 his 19577 21617
Off Youngkwang 1.3 hrs  0.004 7 0007 7
0.7 hrs  43.75 7/ 3413
Kwangyang Bay 3.0 hrs 811 %  7.66 %
0.7 hrs 2032 7% 2113 /"
Off Samchonpo 19 hrs 9737 1279/
19 hrs 00577 00747
1.6 hrs 00977 012/
Jinhae Bay 36 s 0177”0174
20 hrs  0017" 0027
23 hrs  0.004 7% 0.007 7
Off Noksan 1.4 hrs  0.66 £*  0.61
13 hrs  0187° 0224
Suyoung Bay 1.6 hrs 5317 409/
Off Kori 24 s 00377 0527"
1.8 hrs 0447  052+%
Off Wolsung 13 hrs 4842 +4% 3583 /%
20 hrs 75247 63977
15hs 00277 00377
Ulsan Bay 31 hrs  4547% 463/
Off Uljin 19 hrs 00877 011/
1.2 hrs 12.82 7% 929 /%
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