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Abstract The diffuse attenuation coefficient of downwelling irradiance (£,) is one of the most critical optical parameters in
oceanic optics. The optical parameters of waters around the Dalian port polluted by dispersed oil (oil in water) were
measured, and the underwater light field was simulated using the radiative transfer model (Hydrolight) to analyze the
influence of oil in water on 4, and to establish a semi-analytical model for 4,. The simulation results show that the 4, spectra
of various water depths increase with increasing oil concentrations. Moreover, 4, increases with increasing depth,
particularly for the waters containing high concentrations of dispersed oil, and the faster it approaches its steady asymptotic
value. In addition, this study also shows that the contributions of the absorption coefficient (a) and backscattering
coefficient (b,) to &, of water polluted by dispersed oil differ from those of a and b, to &, of natural water body, so that the
parameter values of the 4, semi-analytical models of water polluted by dispersed oil and natural water body are significantly
different. Therefore, the existing 4, semi-analytical model for natural water body is unsuitable for accurate calculations of
k, of water polluted by dispersed oil. Hence, a semi-analytical model of 4, was developed based on the simulation results of
Hydrolight. The accurate downwelling irradiance can be further calculated using 4, obtained with this developed semi-
analytical model to provide a rapid and reliable solution for the underwater light field simulation of waters polluted by
dispersed oil.
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Table 1 Locations of three sampling sites

Name of station Longitude (N) Latitude (E)

St. A 121.89705° 38.9541°
St. B 121.92833° 38.9700°
St. C 121.85118° 38.9056°
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Fig. 1 Diffuse attenuation coefficient spectra for downwelling irradiance (%,) in waters of different depths versus mass concentrations of
waters polluted by dispersed oil. (a) 0. 005 m; (b) 10. 205 m; (c) 20. 405 m; (d) 30. 005 m; (e) 40. 205 m; (f) 49. 995 m
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Fig. 2 Diffuse attenuation coefficient for downwelling irradiance (%,) in waters polluted by different mass concentrations of dispersed oil

versus water depth. (a) 0.1 mg/m’; (b) 1. 0 mg/m’ (¢) 5. 0 mg/m’; (d) 10. 0 mg/m®
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Table 2 Asymptotic 4, values (£..) of waters polluted by various mass concentrations of dispersed oil and their approaching depths
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B AN [a) S Ak 3 JRE K HR I K PR AT 1 DR AR R S I A (e ) B 3 T 2R L A K TR

Mass concentration of dispersed oil /(mg+m™*) Wavelength /nm k. /m™! Depth of approaching .. /m
442.5 0.014 0
0.1 557.5 0.068 0
677.5 0.466 0
442.5 0.045 30
1.0 557.5 0.104 30
677.5 0.520 0
442.5 0.188 20
5.0 557.5 0.252 20
677.5 0.698 20
442.5 0.363 10
10.0 557.5 0.428 10
677.5 0.891 10
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Table 3 Parameters of semi-analytical model for a few wavebands

Ny, My, Ny, My

Depth /m
442.5 nm 557.5nm 677.5nm
0. 005 1.128,0.943,—0.046,35. 486 1.031,1.498,—0.067,14. 852 1.026,1.499,—0.140,5. 795
0. 605 1.111,3.993,0. 749,1. 428 1.029,5.736,0.738,0. 880 1.024,5.582,0.818,0. 945
1.205 1.105,4.315,0.770,2. 502 1.026,5.458,0.732,1.899 1.022,6.311,0.943,1.563
1. 805 1.100,4.573,0.786,3. 376 1.023,5.651,0.747,2. 675 1.020,6.651,1.089,2. 229
2. 405 1.097,4.769,0.798,4.134 1.021,5.804,0.761,3. 395 1.018,6.837,1. 326,3. 046
3. 005 1.095,4.903,0. 806,4. 860 1.019,5.926,0.772,4.082 1.016,6.978,1. 757,4. 067
3. 605 1.092,5.000,0. 813,5. 562 1.017,5.997,0.784,4. 806 1.015,7.116,2.562,5. 310
4.205 1.090,5.072,0. 818,6. 257 1.015,6.043,0.798,5. 569 1.013,7.256,4.386,6.915
4.805 1.087,5.126,0. 823,6.932 1.013,6.081,0.812,6. 338 1.012,7.395,10.184,9.195
5.405 1.084,5.169,0.827,7.633 1.011,6.104,0.830,7. 168 1.011,7.544,38.028,12. 495
6. 005 1.080,5.207,0. 830,8. 328 1.010,6.127,0. 849,8. 011 1.010,7.699,406. 955,18. 013
6. 605 1.075,5.244,0. 832,9. 051 1.009,6.139,0. 876,8. 935 1.010,7.852,65002. 984,29. 085
7.205 1.069,5.278,0.834,9.762 1.007,6.151,0.905,9. 896 1.006,0.459,—17.031,0.044
7.805 1.062,5. 318,0. 836,10.492 1.006,6.160,0.943,10. 932 1.006,0.035,—255.479,0. 160
8. 405 1.056,5.358,0.837,11. 216 1.005,6.171,0.986,12. 005 1.005,0.013,—783.311,0. 273
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#3(4L)
Depth /m Mgy My, My, My
442.5 nm 557.5nm 677.5nm
9.005 1.048,5.399,0.838,11. 934 1.004,6.180,1.036,13. 137 1.004,0.006,—1783.282,0. 383
9.605 1.040,5.445,0. 839,12. 659 1.004,6.189,1.097,14. 348 1.003,0.004,—2871.691,0. 488
10. 205 1.032,5.491,0. 840,13. 372 1.003,6.198,1.168,15.612 1.003,0.002,—5033. 093,0. 590
10. 805 1.024,5.537,0.841,14. 080 1.003,6.207,1.254,16. 954 1.002,0.002,—6944.489,0. 686
11. 405 1.017,5.578,0. 843,14. 769 1.003,6.213,1.359,18.402 1.001,0.001,—10342.645,0.778
12.005 1.007,5.633,0.843,15. 460 1.003,6.217,1.491,19. 952 1.001,0.001, —12530. 219,0. 865
12.605 1.000,5.677,0. 844,16.132 1.003,6.220,1.653,21.612 1.001,0.001,—17547.324,0. 947
13. 205 0.993,5.714,0.846,16. 780 1.004,6.220,1. 851,23. 366 1.000,0.001, —23071. 212,1. 025
13. 805 0.988,5.744,0.848,17. 401 1.005,6.216,2.115,25. 288 1.000,0. 001, —26202. 295, 1. 099
14. 405 0.981,5.779,0.849,18. 021 1.006,6.210,2. 435,27. 281 1.000,0.001,—26806.012,1.168
15. 005 0.977,5.806,0.851,18. 618 1.008,6.198,2.853,29.420 0.999,0.001, —21462. 481,1. 232
15. 605 0.973,5.825,0.853,19. 197 1.010,6.182,3. 382,31. 632 0.999,0. 252, —80.400,1. 329
16. 205 0.972,5.828,0.856,19. 737 1.014,6.159,4.079,33. 952 0.999,2.994,—7.000,1.967
16. 805 0.970,5.837,0.859,20. 281 1.018,6.129,4.967,36. 307 0.998,4.315,—5.515,2. 553
17. 405 0.971,5.822,0.862,20. 782 1.022,6.094,6.084,38.672 0.998,5.152,—5.499,3. 129
18. 005 0.972,5.815,0.865,21. 291 0.918,0. 248, —27.907,0. 070 0.998,5.675,—5.998,3. 639
18.605 0.975,5.790,0.869,21. 763 0.917,0.092,—78.276,0. 117 0.997,6.060,—6.804,4.126
19. 205 0.980,5.753,0.873,22. 217 0.916,0.049, —149.062,0. 161 0.997,6.372,—7.922,4.610
19. 805 0.985,5.714,0.878,22. 661 0.915,0.029, —254.125,0. 202 0.996,6.600,—9.249,5.042
20. 405 0.992,5.665,0.882,23. 086 0.915,0.020, —367.558,0. 241 0.996,6.791,—10.855,5.459
21.005 1.000,5. 607,0. 888,23. 496 0.914,0.014, —524. 200,0. 278 0.996,6.943,—12.674,5. 839
21.605 1.009,5.542,0. 893,23. 891 0.914,0.012,—628.038,0. 312 0.996,7.080,—14. 850,6. 216
22.205 2.620,—5.321,1.360,163. 729 0.914,0.010,—806. 768,0. 345 0.995,7.204,—17.458,6.591
22.805 2.594,—5.141,1.415,170. 465 0.913,0.008,—1007.483,0. 376 0.995,7.309, —20. 397,6. 943
23.405 1.832,0,—134415.617,20. 963 0.923,7.323,0,—106. 540 0.995,7.398,—23.631,7. 267
24.005 1.057,5.210,0.919,25. 361 0.913,0.006,—1298. 363,0. 431 0.995,7.481,—27.427,7.592
24.605 2.252,—476.463,0.994,—0. 002 0.913,0.005, —1618.408,0. 458 0.994,7.56,—31.853,7.915
25.205 2.253,0.009,322.657,0. 317 0.913,0.005,—1751. 022,0. 482 0.994,7.627,—36.619,8. 211
25.805 2.261,—289.650,0.989,—0.003 0.913,0.004, —1964.724,0. 505 0.994,7.690,—42.084,8. 505
26.405 1.117,4.799,0.953,26. 696 0.913,0.004, —1849. 527,0. 526 0.994,7.744,—47.841,8.773
27.005 2.266,0.031,98.092,0. 175 0.914,0.004, —1838.475,0. 546 0.993,7.797,—54.501,9. 045
27.605 1.152,4.563,0.973,27. 316 0.914,0.004, —1934. 854,0. 565 0.993,7.843,—61.382,9. 290
28.205 1.169,4.443,0.984,27. 626 0.914,0.004,—1933. 648,0. 583 0.993,7.886,—69.199,9. 537
28.805 1.187,4.321,0.996,27. 938 0.914,0.005,—1701.013,0. 600 0.993,7.929,—77.938,9.781
29.405 1.204,4.207,1.007,28. 251 0.915,0.005, —1593. 535,0. 616 0.993,7.966, —87.038,10. 006
30.005 1.222,4.085,1.020,28. 555 0.915,0.007,—1147.311,0.632 0.993,8.000,—96.821,10. 222
30.605 1.239,3.968,1.033,28. 860 0.916,0.018, —464.077,0. 647 0.992,8.033,—107.480,10.434
31.205 1.258,3.840,1.048,29. 157 0.916,2.276,—2.679,0. 956 0.992,8.062,—118.453,10. 630
31.805 1.277,3.711,1.064,29. 468 0.914,4.756,—0.790,1. 906 0.992,8.090, —130. 216,10. 821
32.405 1.296,3.584,1.080,29. 765 0.913,5.499,—0.572,2.710 0.992,8.118,—143.423,11.016
33.005 1.313,3.465,1.097,30.076 0.912,5.924,—0.486,3. 552 0.992,8. 144, —156.925,11. 198
33.605 1.332,3.340,1. 115, 30. 390 0.911,6.153,—0.454,4. 256 0.992,8.167,—171.339,11.373
34.205 1.350,3.218,1.135,30.703 0.910,6.307,—0.442,4. 899 0.992,8.189,—186.123,11. 540
34.805 1.367,3.103,1.155,31. 030 0.909,6.431,—0.440,5. 549 0.992,8.211,—202.457,11. 708
35.405 1.383,2.991,1.175,31. 356 0.908,6.522,—0.445,6.133 0.991,8.230,—218.796,11. 863
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#3 (%)
Depth /m Mgy My, My, My
442.5 nm 557.5nm 677.5nm
36.005 1.829,0,—173647.528,33. 065 0.907,6.592,—0.454,6. 661 0.991,8.249,—236.164,12. 016
36.605 1.418,2.755,1.224,32.016 0.905,6.655,—0.466,7.199 0.991,8. 266, —253.444,12. 156
37.205 1.434,2.645,1.249,32. 358 0.904,6.699, —0.479,7. 626 0.991,8.283,—271.844,12. 296
37.805 1.450,2.537,1.276,32. 695 0.903,6.744,—0.495,8. 091 0.991,8. 298, —290.730,12. 430
38.405 1.468,2.420,1. 308,33. 043 0.902,6.782,—0.512,8.521 0.991,8. 314, —310.979,12. 564
39. 005 1.482,2.325,1.337,33. 407 0.901,6.817,—0.530,8.938 0.991,8.328,—331.125,12. 689
39.605 1.497,2.220,1.371,33.782 0.900,6.847,—0.549,9. 310 0.991,8.341,—352.283,12. 813
40. 205 1.513,2.117,1.407,34.153 0.899,6.874, —0.568,9.676 0.991,8.353,—372.199,12. 921
40. 805 1.527,2.018,1.446,34.542 0.898,6.902, —0.588,10. 050 0.991,8. 366, —396.156,13. 046
41.405 1.541,1.927,1.485,34.939 0.897,6.923,—0.607,10. 349 0.991,8.377,—418. 365,13. 154
42.005 1.554,1.834,1.529,35. 336 0.897,6.945,—0.627,10. 669 0.991,8. 389, —443.147,13. 269
42.605 1.567,1.748,1.574,35. 743 0.896,6.967,—0.649,10. 999 0.991,8. 399, —465. 928,13. 368
43. 205 1.579,1.667,1.619,36. 160 0.895,6.985,—0.669,11. 279 0.991,8. 409, —489. 269,13. 466
43.805 1.591,1.591,1. 668,36. 594 0.894,7.001,—0.689,11. 540 0.991,8.419,—515.459,13. 569
44.405 1.604,1.499,1.731,37.030 0.893,7.018,—0.710,11. 809 0.991,8.427,—538.200,13. 655
45. 005 1.614,1.433,1.783,37.486 0.892,7.035,—0.731,12.076 0.991,8.436,—563. 885,13. 748
45.605 1.626,1.350,1.854,37.953 0.891,7.048,—0.751,12. 300 0.991,8.444,—588.393,13.832
46. 205 1.635,1.288,1.912,38.411 0.891,7.061,—0.771,12. 522 0.991,8.452,—613.062,13.914
46. 805 1.646,1.215,1.990,38.902 0.890,7.077,—0.794,12. 775 0.990,8.459, —637.643,13.992
47.405 1.657,1.141,2.079,39. 391 0.889,7.089,—0.814,12. 993 0.990,8.467,—666. 276,14. 080
48. 005 1.665,1.091,2.145,39. 881 0.888,7.101,—0.834,13. 194 0.990,8.474,—692.960,14. 158
48. 605 2.219,—2.398,—0.024,—7.073 0.888,7.113,—0.855,13.406 0.990,8.479,—716.417,14. 224
49.205 1.683,0.969,2.337,40. 928 0.887,7.124,—0.876,13. 606 0.990,8.486,—745.198,14. 303
49.805 1.689,0.925,2.419,41.422 0.887,7.133,—0.893,13. 765 0.990,8.492, —772.592,14. 375
49.995 1.693,0.902,2. 465,41. 600 0.886,7.137,—0.901,13. 838 0.990,8.494,—780.400,14. 395

2 3R B, B I KA B W R R R ) T R B
XFRAT 8 e R B TTRR S A SR KA Tl R RO S
T 55 2R B0 Tk R A X A, 3 R D T
TR B W ST 2 B0 8 1) BT R A SRR AR g Wl &
B O R B AR AE 22 R Kk, A
FH 2 20 BB A8 sz Y57 il K AR 1 T AT I e ek R B S A A
KT N, Bz A SRR XK B RF . R4 &k
PR AT 8 3 ek R BCE AT AL [ SR K AR 43 B A
FETE 25, SR m, 19 A8 A AR SR %5 /N (0. 886~2. 620)
107 222, 12, B o, B 8 AL AL 18 BH 5 1) 300 22 50055 R A 22 40
X AT 18 3 R A STk O N — B A e S AT A TE
H SRR R I R 4538 R — B .

SRR AYERWE 2GR e R E s
J7 30 RO AR BT AT 18 e R B E K AR R AT R
JERE TR v B 3 FH M RORS f E , A SCRT =K (5) FTRI 4
FEOK T 2 T B T A7 56 B8 B (R 2 T B4 A KR AR R
THa MR IR L aR o5 45 S 43 91l 5 Hydrolight A5 1)
AT R MR AT A, A8 B =N K (442.5.557. 5,
677.5 nm) . & P4 A K oyl BT vk (0.1.1.0.5. 0,
10. 0 mg/m”) B 7K AR B AR R 22 45 5 I 3 s . 813

U FE A B VR K Rk K AR R [ 3 (a) A
3(b) I, 2o A A 70 s 3T A7 18 o ek 3R B A 3 1
AT 5 IR 5 Hydrolight B4 A9 /K T 0% 3% T 17 i B8R
22 6] ) R R 152 22 388 /0N T AE 7K I A e B R R K
R [E3(e) M 3(d) ], HxFiREA R, RE Wik, 76
[ 3Ce) A 3(d) B AE AN 0 K B AL (12,6 m) &b, 41
YR ZEBH ABILS. 0% M6.5%., o, ZHIE R
T, B & KGR BN, A X R 25 il 4R W T A R R
ZAER . T A SCR H NN ZE K ZF A9 47 56 BROBE
HIZ )23 A KGR AN B 47 48 BB, B 2 K IR Ak 1Yy
TATERBENIT IR EY R 2 EE R T — K20 T
R TR AE R 3K 02 3 WA X R 22 B A K TR n
MW AR FEERA . 5550, 7 KT T
TR T A K TR B 2 T 2 RS, TR TR K Z T
oy Hr A RS AR 2) 09 R A7 4R IR 5 Hydrolight #2141
B A7 s R R 22 Ta) 58 /0N | 4 o) i 25 A 2 5 | A K 1 A
X5 25, 3 S 1 BNAE X 152 2 Bl A 7K R 3G i i 8 AR K
H o5 — IR A .
Ed(zz,/l)zEd(z],A)exp[*kd(z,/l)(m*z])}o (5)

oS b, B T A A i PR A ST 0 i A e A A
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3 NI ST b VR R K I R AR e AT AR YA K TR A 1 TR AT R IR S Hydrolight ZUEASE 0L T 47 8 IR 22 I8 7 AH G 5 25
(a)0.1mg/m’; (b)1.0mg/m’; (¢) 5.0 mg/m’; (d) 10.0 mg/m°’

Fig. 3 Relative error between downwelling irradiance (E,) retrieved from semi-analytical model and E, simulated by Hydrolight in each water

depth polluted by different mass concentrations of dispersed oil. (a) 0. 1 mg/m’ (b) 1. 0 mg/m’ (c) 5. 0 mg/m’ (d) 10. 0 mg/m*

R AT A A iz B R X e A R B
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A R JBE Y i R S B

4zt B
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o S A2 i R R R MR R LR R B, A R O
AT I8 I AR BCE  Hr RR ARS E R 8 L T LA
A B A X R 22 /N B KRR AT 4 IR R Dy DRt A
KPR K R e CF 47 58 B 324 17— A nl 17 19 8%
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