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Analysis of influence of stratified water bodies on underwater irradiance ratio by
Monte Carlo model

HUANG Er-hui, YANG Yan-ming
Open Lab of Ocean Acoustic and Remote Sensing, Third Institute of Oceanography, SOA, Xiamen 361005, China

Abstract: Many in-situ data indicate that the vertical stratification of the inherent optical properties and optical active consti-
tutes in euphoric depth is a common phenomenon in most ocean water. Most of satellite retrieval algorithms of the optical
constitutes concentration are, however, based on the assumption of homogeneous ocean water, especially for empirical re-
trieval models, which are usually based on the statistical relation between the reflectance spectral of surface and the
depth-averaged constitute concentration or that of a certain depth. Using the underwater optical radiative transfer model, the
influences of vertically stratified concentration of chlorophyll and suspended sediment matter on the irradiance ratio at the
depth of 0" m are respectively analyzed. The two computation formulas of depth-weighted equivalent concentration of strati-
fied water and their responding irradiance ratio at 0" m depth are then compared. The results indicate that the primary error
sources is the light penetration depth and the intensity of stratification: the deeper the penetration and the more distinct strati-
fication, the greater the effect of stratified water on the value of irradiance ratio at 0" m depth, as well as the error of
depth-weighted equivalent concentration. Gordon’s computation results of equivalent concentration are more accurate, and the
Zaneveld’s results overestimate the equivalent concentration of stratified water.
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Fig. 1 Curves of spectral absorption coefficient, spectral scattering coefficient of pure seawater, normalized specific absorp-
tion coefficient and scattering coefficient of chlorophyll and suspended sediment matter
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Tab.1 Comparison between the results of this paper and those of Mobley for the three standard problems
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Fig. 3 R(0) of homogenous and stratified water bodies, with (a) for chlorophyll water bodies and (b) for suspended sediment
matter water bodies
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Tab. 3 Light penetration depth, depth-weighted equivalent concentration and their corresponding R(07) of stratified
chlorophyll and suspended sediment water body. C_G and C_Z respectively represent Gondon and Zaneveld equivalent
concentrations, and R(07)_G and R(07)_Z respectively represent Gondon and Zaneveld equivalent R(07)

— 4 — 4
/nm /nm
410 445 490 510 555 410 445 490 510 555
C_G/(mgm™) 0.4861 0.4857 0.4929 0.4497 0.3400 0.1532 0.1592 0.1797 0.1674 0.1417
C Z/(mg'm™) 0.9617 0.9985 0.9388 0.7276 0.4438 0.4658 0.4996 0.5559 0.4478 0.2912
Zgo/m 51.0 55.5 52.5 37.5 25.5 15.0 15.0 15.0 15.0 15.0
R(07) 0.0349 0.0266 0.0188 0.0121 0.0060 0.0390 0.0331 0.0282 0.0194 0.0101
R(07)_G 0.0320 0.0242 0.0186 0.0133 0.0076 0.0397 0.0336 0.0270 0.0183 0.0098
R(07)_Z 0.0294 0.0222 0.0186 0.0143 0.0083 0.0360 0.0315 0.0322 0.0263 0.0146
— 6 — 6
C_G/(mgm™) 0.8638 0.8656 0.8773 0.8325 0.7454 0.5294 0.5323 0.5449 0.5399 0.5355
C Z/(mg'm™) 1.1208 1.1354 1.1261 0.9990 0.8152 0.5721 0.5807 0.6156 0.5926 0.5738
Zgo/m 33.0 33.0 34.5 28.5 22.5 13.5 13.5 13.5 13.5 13.5
R(07) 0.0304 0.0231 0.0187 0.0141 0.0091 0.0358 0.0314 0.0322 0.0277 0.0213
R(0)_G 0.0297 0.0225 0.0185 0.0145 0.0097 0.0357 0.0316 0.0320 0.0277 0.0213
R(07)_Z 0.0289 0.0220 0.0185 0.0150 0.0100 0.0356 0.0315 0.0326 0.02882 0.0219
— 10 — 10
C_G/(mgm™) 5.0659 5.0632 5.0791 5.0810 5.0822 5.0000 5.0000 5.0000 5.0000 5.0000
C Z/(mg'm™) 5.0828 5.0789 5.0987 5.0988 5.0964 5.0000 5.0000 5.0000 5.0000 5.0000
Zgo/m 15.0 15.0 15.0 15.0 15.0 3.0 3.0 3.0 4.5 4.5
R(07) 0.0251 0.0191 0.0190 0.0188 0.0188 0.0335 0.0304 0.0367 0.0401 0.0483
R(0)_G 0.0250 0.0191 0.0189 0.0187 0.0187 0.0333 0.0303 0.0367 0.0402 0.0479
R(07)_Z 0.0250 0.0191 0.0190 0.0188 0.0189 0.0333 0.0303 0.0367 0.0402 0.0479
— 5 — 5
C_G/(mgm™) 0.5244 0.5247 0.5245 0.5214 0.5148 0.5082 0.5091 0.5114 0.5096 0.5062
C Z/(mg'm™) 0.5264 0.5268 0.5263 0.5227 0.5154 0.5102 0.5113 0.5139 0.5114 0.5072
Zgo/m 42.0 43.5 435 34.5 25.5 18.0 19.5 21.0 19.5 16.5
R(07) 0.0317 0.0241 0.0187 0.0135 0.0085 0.0357 0.03167 0.0318 0.0271 0.0206
R(0)_G 0.0318 0.0241 0.0186 0.0136 0.0086 0.0359 0.03155 0.0317 0.0271 0.0205
R(07)_Z 0.0318 0.0241 0.0186 0.0136 0.0086 0.0357 0.03161 0.0319 0.0272 0.0209
— 7 — 7
C_G/(mgm™) 1.3555 1.3491 1.3653 1.3621 1.3172 0.6805 0.6910 0.7375 0.7441 0.7521
C _Z/( mg'm™) 1.6738 1.6803 1.6730 1.5955 1.4478 0.8072 0.8284 0.9168 0.9168 0.9055
Zgo/m 33.0 33.0 34.5 28.5 22.5 7.5 9.0 9.0 9.0 9.0
R(07) 0.0289 0.0220 0.0186 0.0152 0.0110 0.0350 0.0313 0.0333 0.0307 0.0261
R(0)_G 0.0283 0.0215 0.0187 0.0157 0.0119 0.0351 0.0312 0.0332 0.0303 0.0254
R(07)_Z 0.0277 0.0209 0.0185 0.0160 0.0122 0.0350 0.0310 0.0337 0.0317 0.0283
— 8 — 8
C G/(mgm™) 0.5944 0.5981 0.6009 0.5689 0.5231 0.5001 0.5008 0.5027 0.5009 0.5000
C Z/(mg'm™) 0.6882 0.7001 0.6940 0.6149 0.5318 0.5003 0.5019 0.5074 0.5019 0.5000
Zgo/m 33.0 34.5 34.5 30.0 25.5 19.5 21.0 22.5 21.0 18.0
R(07) 0.0315 0.0239 0.0185 0.0135 0.0086 0.0357 0.0317 0.0318 0.0271 0.0206
R(0)_G 0.0311 0.0236 0.0184 0.0138 0.0086 0.0359 0.0315 0.0317 0.0271 0.0205
R(07) Z 0.0306 0.0232 0.0185 0.0138 0.0086 0.0359 0.0315 0.0317 0.0271 0.0205
_ 9 — 9
C_G/(mgm™) 1.0737 1.0727 1.1082 1.0467 0.9256 0.5295 0.5321 0.5464 0.5447 0.5401
C Z/(mg'm™) 1.6794 1.7005 1.7098 1.4678 1.1155 0.5765 0.5849 0.6290 0.617 0.5927
Zgo/m 27.0 27.0 28.5 24.0 21.0 12.0 13.5 13.5 13.5 13.5
R(0) 0.0300 0.0228 0.0186 0.0144 0.0095 0.0356 0.0315 0.0323 0.0280 0.0216
R(0")_G 0.0291 0.0221 0.0185 0.0149 0.0106 0.0357 0.0316 0.0320 0.0277 0.0213
R(0") Z 0.0277 0.0210 0.0187 0.0158 0.0111 0.0354 0.0315 0.0326 0.0288 0.0232

CG Cz Gondon Zaneveld ;R(0) G R(0) Z Gondon R(07) Zaneveld R(07)
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