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Abstract : The purpose of this study was to investigate the physical characteristics of marine environment, and to predict the probability of the
occurrence of hypoxia in the Dangdong bay. We predicted hypoxia using the logistic regression model analysis by observing the water temperature,
salinity, and dissolved oxygen concentration. The analysis showed that the Brunt - Viisdld frequency which was shallow than the deep bay entrance, was
higher inside the bay due to a lesser amount of fresh water inflow from the inner side of the bay, and density stratification was formed. The Richardson
number, and Brunt - Viisdld frequency were very high occasionally from June to September; however, after September 2, the stratification had a
tendency to decrease. Analysis of dissolved oxygen, water temperature, and salinity data observed in Dangdong bay showed that the dissolved oxygen
concentration in the bottom layer was mostly affected by the temperature difference (dt) between the surface layer and bottom layer. Meanwhile, when
the depth difference (dz) was set as a fixed variable, the probability of the occurrence of hypoxia varied with respect to the difference in water
temperature. The depth difference (dz) was calculated to be Sm, 10m, 15m, 20m, and the difference in water temperature (dt) was found to be
greater than 70 % at 8 C, 7C, 5C, and 3 C. This indicated that the larger the difference in depth in the bay, the smaller is the temperature difference
required for the generation of hypoxia. In particular, the place in the bay, where the water depth difference was approximately 20 m, was found to

generate hypoxia.
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WAL 423 (Hypoxic water mass)¥F % -8 4F2(Dissolved
Oxygen)’} =3] §-%3 & ©ojglE ZTH(NIFS, 2009). ®l

b I o] £ TR AoE AFAmY 2ud g2
At Pearson and Rosenberg(1978)< &FAA F X7} 3.6 mg/L
(25mL/L) ol3tE "oX| A = AAFE| HAM7] Azt
3}, Diaz and Rosenberg(1995), Diaz(2001)= A =E 2 A
59 9SS Y] AFEtE £EMAE 2mylE st
A

HAbA 9 FAA 7 Ak 39S ‘dead zone ©] 2}
%) &} (Rabalais et al., 2002), ©] 23+ dead zone> A M A A<t
4003 o] EA8t, 2 WAL 245,000 kit & 3HH(Diaz and
Rosenberg, 2008). 5t W& ofA|o} w7}e] <dgto A w4k
7} dAEE Ao dexar (W, 1982; Hong, 1987;
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Fig. 1. The observation points for CTD, current and monitored

points.
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Fig. 2. The variation of Brunt - Viisdld frequency and Richardson
number in Dangdong Bay with the lapse of time.
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HE-ANA - HHA - AET
Table 1. The observation results of Temperature, Salinity, Table 2. Correlation matrix of bottom DO concentration and other
Dissolved Oxygen in Dangdong Bay parameters of Group A
Temperature (C) Salinity (psu) DO (mg/L) Ttems ?)Ot_ tetr)nlt)_ dz dt Ss dp  Ri No.
0 0
Items Surface Bottom Surface Bottom Surface Bottom DO
(range) (range) (range) (range) (range) (range) bot 1.00
6/16 |20.0~22.9 152~17.5 33.0~33.6 33.4~345 83-9.8 0.5~55 temp 0.43 1,00
6/22 |21.2~23.6 15.5~19.2 32.5~33.8 33.7~344 8.1~9.0 1.0~6.7 bot
dz -0.61 -0.15 1.00
626 |22.4~24.0 16.5~18.8 33.0~34.1 33.7~344 79~85 0.5~34
dt -0.72 -0.49 0.28 1.00
75 1223~24.0 17.0~18.5 33.4~33.6 34.0~342 7.8~84 0523
Os -0.07 -0.06 0.03 0.11 1.00
79 122.1~24.7 17.3~232 104~33.0 33.4~34.1 7.8~11.0 0.5~6.5
dp 0.11 0.04 -0.03 -0.13 0.97 1.00
714 1228243 183~22.1 30.6~33.0 33.1~33.9 74~8.6 1.0~5.0 .
Ri No. | -0.32 -0.14 0.35 0.26 -0.81 -0.87 1.00
721 |23.7~25.7 18.7~24.4 30.8~31.7 32.0~33.7 7.5~82 0.3~4.8
728 241279 185230 323~329 329-340 74-89 0343 Table 3. Correlation matrix of bottom DO concentration and other
8/4 |244-265 18.8-22.6 32.8-33.0 33.0-337 65~73 0.7~6.1 parameters of Group B
8/7 126.0~28.8 18.9~22.7 32.7~33.0 33.0~33.6 6.8~7.6 0.4~6.6
Items I?)O— telr)n P_ dz dt Os dp  Ri No.
§/11 |27.7~29.0 183~24.8 32.7~329 329~340 7.0~7.6 0.5~7.1 ot ot
DO
818 |259-280 18.7-264 328-332 331~341 68~7.7 03~63 bot | 100
8/22 [253~269 19.0~26.1 30.9~329 333~34.1 7.0~85 0.3~62 temp_ 0.41 1.00
bot ’ ’
827 [25.4~27.0 20.8~25.8 32.4~32.8 33.1~339 7.09.1 0.3~74
dz -0.06 -0.17 1.00
254~26.5 22.1~26.0 32.4~32.7 32.7~33.6 7.4~87 0.5~6.8
92 7 7 7 7 dt -0.77 -0.53 -0.03 1.00
916 |23.9~24.5 23.8~24.1 31.6~33.7 319~32.6 5.9~85 4.6~75 55 0.55 020 0.06 036 1.00
921 |24.4~257 23.1~24.7 31.7~33.0 32.1~32.6 8.1-9.7 2.5~69 dp 0.81 0.44 0.06 2089 0.74 1.00
10/6 229236 21.8~23.0 31.5~333 31.9~33.1 58~110 4.3-85 Ri No.| 080 047 021 08 070 095 100
1124 | 16.7~17.1 169~17.1 33.0~33.3 33.1~333 6.7~8.0 6.3~8.0
?) 9% BSXEE 0|8 4BEM T
100 Fig. 19] 270 A AMTS-1, MTS-2)1 4] oF 90d 7t #=3)1 =}
I Occurrence rate of hypoxia (%) = = R 5 =
90 | w2 Mean delta z (m) 85 o] &35l WlAkATE RSk 344 EAS Telskitt
801 Group A Group B %2}" X}-E‘o’] O]/Ko}i]% X'”71§_]_' ff— X‘]% %%ﬁi %ZE
70 (DO _bot), A% F=2(temp_bot), £ AF2] A2 (dz), I
60 - 2 (dt), BEF(Ss), UXEXH(dp), Richardson Number(Ri No.),
o F4(wind spd)ol I AeAE BAE o
40 Table 49} Table 52 1< SR HMTS-1, MTS-2)°l1 4 A
N Zo] §EML FES A MEE o] AnaAE v
A Aolth. AT &&EAE TR AT At B
207 7 Z Z % % P = 1} = o
o . Z g Z g Z é T 242 045, 0322 VM A JEhgey, 2-4% 9
1 18 8 & 8 & § B _ . -
Ll A1 AR A R A R A R wape] AeASE 22 007, 0292 rebtth
DD-1 DD-2| |DD-3 DD-4 DD-5 DD-6 DD-7 DD-8 DD-9 DD-10 OL:]_,é\'_. %%X]%&:‘l‘ql}ﬂ X‘]%‘o’] %}_ﬂ—i %:E—E_ EX‘]% ?3‘5‘?
A woke EAF Featdl by 2 4 v o
Fig. 3. t f h i Ita-z i h - B _
ig Occurrence rates of hypoxia and mean delta-z in eac Bl o, MIS.1o] Al Q1512 olsh ae 7o gl 7

stations.
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Table 4. Correlation matrix of bottom DO concentration and

parameters at MTS-1
DO temp_ . wind_
Items bot bot dz dt s dp  Ri No. spd
DO_
pot | 100
temp_
b= | 005 1.00
dz | 002 -009 1.00
@& | 045 -082 009 1.00
8 | 007 -008 001 006 1.00
dp | 040 054 005 070 067 100
RiNo.| 039 -054 014 070 -067 -1.00 1.00
WS‘SS— 021 004 006 -0.15 -0.17 000 001 1.00

Table 5. Correlation

matrix of bottom DO concentration and

parameters at MTS-2
DO temp_ . wind_
Items bot bot dz dt s dp  Ri No. spd
DO_
pot | MO0
temp_
oy | 020 100
dz | 000 -004 1.00
dt | 043 069 006 1.00
& | 029 028 -0.03 -058 1.00
dp | 040 050 -005 -086 092 1.00
RiNo. | -039 -050 0.12 085 -091 -1.00 1.00
“:;‘g— 0.14 011 0.1 -019 002 010 -009 1.00
Table 69} Table 7% 14 #S5AH(MTS-1, MTS-2)°ll s}
o AT EFaErd uig A¥IA ASF FHA
p-valueE LFER Aot
MTS-19] 4= A5 §F4k4 sxd g8 e B4Es9
p-value7} 0.001 TRFO 2 F-o]aA| Rk MTS20 4 &= F-A5

F42}9} Richardson Number®] p-value’} 0.1 Rt} o} -9

a7 @7 vhebste

A1 2} Richardson Number” }
= 1A 27e] A A-oA] A

sp7F ARH S velHE %ﬁi‘iﬂ o Zolr, &5 AlAIE
ARE 72, G, 544 A58 EHdAE dd o
IE Btk

2 7

=<

_4

EAF QR FEHS JRRA BANAE vk o
AAAE BA oL pvalues B AF9 E£EAL TR
Fel g 2ol Aok # & 9l
Table 6. The p-values of linear regression for MTS-1
Estimate ~ Std. Error t value Pr(>1t])
(Intercept) 39.23 1.724 22.751 < 2e-16 ***
temp_bot -1.189 0.03706 -32.084 < 2e-16 ***
dz -0.6264 0.1253 -4.998  5.98e-07 ***
dt -6.958 0.4816 -14.448 < 2e-16 ***
6s 14.54 1.152 12.618 < 2e-16 ***
dp -16.3 1.674 -9.734 < 2e-16 ***
Ri No. 0.00358 0.0007733 4.63  3.74e-06 ***
wind_spd 0.06601 0.008854 7.455 1.04e-13 ***
% Signif. codes: 0 “*** 0.001 “** 0.01 “*> 0.05 > 0.1 < > 1
Table 7. The p-values of linear regression for MTS-2
Estimate Std. Error t value Pr(>1t])
(Intercept) 14.64 1.472 9.946 < 2e-16
temp_bot -0.4886 0.03904 -12.515 < 2e-16 ***
dz 0.002342 0.08971 0.026 0.97917
dt -4.666 0.4605 -10.133 < 2e-16 ***
6s 10.46 1.108 9.444 < 2e-16 ***
dp -13.64 1.478 -9.227 < 2e-16 ***
Ri No. 0.0003224  0.0004552 0.708 0.47875
wind_spd 0.02676 0.008225 3.253 0.00115 **

% Signif. codes: 0 “*** 0.001 “** 0.01 “*> 0.05 <> 0.1 © > 1

Table 83 Table 92 F+ 7]9] A&%HS

Aol 1)
Saelne] g 2AxE HARY A5 FHA9) pvalue

B e Ao, 94 AsE APsTste b v
FRIEE, 228 3 ARAHAA palue ho] stk A A
% gEatne FEshe] WA} ol MAkn M of s}
FoIR B AT AL SR, of AHAHE A
-

ﬁ%ﬂ?]gr A R AL RE SHHAFEATTE,
AAF, 22F, A EAF, WIEAF, Richardson Number, 525, & 3F)
o] Wik Aol folgk S mAE Ao w LERTH
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Table 8. The p-values of logistic regression model for MTS-1

Estimate ~ Std. Error z value Pr (>[z])
(Intercept) 61.59 4.072 15.123 < 2e-16 ***
temp_bot -2.155 0.09132 -23.596 < 2e-16 ***
dz -0.7732 0.2831 -2.731 0.00631 **
dt -16.83 1.183 -14.228 < 2e-16 ***
&s 373 2.836 13.152 < 2e-16 ***
dp -43.77 4.003 -10.934 < 2e-16 ***
Ri No. 0.006821 0.001868 3.652  0.00026 ***
wind_spd 0.119 0.02286 5205  1.94e-07 ***
wind_dir(east) 0.5049 0.1163 4343 1.41e-05 ***

% Signif. codes : 0 “*** 0.001 “** 0.01 “*> 0.05 <> 0.1 © > 1

Table 9. The p-values of logistic regression for MTS-2

Estimate  Std. Error  z value P 1(>[z])
(Intercept) 13.42 3.539 3793 0.000149 ***
temp_bot -0.952 0.09684 983 < 2e-16 **
dz 0.7541 0.2178 3.463  0.000535 ***
dt -13.96 1234 -11307 < 2e-16 ***
&s 33.38 2.994 11.149 < 2e-16 ***
dp -46.54 4.059  -11467 < 2e-16 ***
Ri No. -0.003219 0.001295 -2.487 0.012898 *
wind_spd 0.1085 0.01828 5932 2.99e-09 ***
wind_dir(east) 0.4922 0.1085 4.535  5.77e-06 ***

% Signif. codes : 0 “*** 0.001 “** 0.01 “*> 0.05 <> 0.1 ° > 1

U EXAE HAHRYS 0|BH MM

Haka A 59 o o thedgt 4 23S a1elsh7]
Fig. 12] 1071 #]#(DD-1 ~ DD—lO)Oﬂ*ﬂ 201543 6¢ 16¥Y
1149 244714 F 193] #53 AEE o] &3k
Haka B G55 d538H7] A8 242 3 ARES
A3l o 252l FAH(dt), DEAK(Ss), D=}
(dp), I =H(dz), Richardson Number(Ri No.), Brunt - Viisild
Frequency(BVHS] HHWFE AMESIITE 7 SHHTE
gt 2X) 8 A REe] A4 FHXE Table 109 A5}
AT FA2Hdz)7E 7 Sl rEbsR AL,
T7F 6718 =4

=3
s AL O

o} pvalues X
2 thgo] AR UERY o] F 7HA|
A T 7P frole A o= ekt

Mabk A S5 d36t7] 9jste] FARKdn F
Hdtyes SRARFE F 2A2Y 39 mdS —rﬁﬂo]—?j‘\l:]—

(Table 11).

LTS MY

FAA - AET

Table 12 ©] 2 A8 37 2o AWes 183}
7] 1A A3 A AR AT Tr*}ﬁ ouE Zte
Mcfadden R (Mcfadden, 1974) S F3to] A A3 Ao,
Mcfadden R*= o}gl|e} o] Atz

R¥p=1—1n(Ly)/In(Ly) ®)

A 2H 3] A o] 7t = %—’F(hkehhood function) S 3|
dstaty] g AFE FAsE A9, Lie AS FAHA
7 B 09 2, 7}05 SholaL, Ly,
< 959 Folth. 9 29 d¥=
In(Ly)o] A& 3|7 &2 0lA 7&7<]'Z1]§%L(res1dual sum of
squares)¥} T L3 ATS SEE | Mcfadden R*= A} B4
(residual variance)®] 7HAM]&ol sF3tt= Ao w, o] & K
AHpseudo) R*E} F-27|% o},

6o/le] HHWFE BT a8d 2A4sY 3)7Ede
Mcfadden R*E 0.7422% o= o] HH% Hojurkar & + 9l
on, FAAKdz)F FAHd)TE 1H P A, ZA 2~
3] A= 9] Mcfadden R*= 071609_i 67 M5 A 1y
Ps wro) oF 0.026 W& FAE B AT 7 ghe]
XPOI 7F wi- Zrop Al xK(dz)ell e kA F3 EE SHE

o 79 ?%X}(dt)fﬂ] o AAHct BeFle) ol e g
5 Mo R FAAKdz)A e F22Kd)] WAk 7
A SHES o =3ko] Table 139 A4 &1t}

il

mﬁ

Table 10. The p-value of logistic regression model

Estimate Std. Error z value Pr (>[z))

(Intercept) 8.937¢t00  2.974e+00 3.005  0.00265 **
dt -2.035¢+00  1.114e+00 -1.828 0.06761°

&s 3.817e+00  2.824e+00 1.352 0.17653

dp -6.075¢+00  3.856e+00 -1.575 0.11515
BVf -7.923e+01  5.206e+01 -1.522 0.12798

Ri No. -9.881e-04  6.243e-04 -1.583 0.11349
dz -2.992e-01 1.364e-01 -2.193 0.02830 *

% Signif. codes: 0 “*** 0.001 “** 0.01 “*> 0.05 <> 0.1 © > 1

Table 11. Logistic regression results for delta z and delta
temperature
Estimate ~ Std. Error z value Pr (>[z])
(Intercept) 7.37348 1.24601 5918  3.27e-09 ***
dt -0.90055 0.12881 -6.991  2.73e-12 ***
dz -0.27719 0.05976 -4.639  3.51e-06 ***

% Signif. codes: 0 “*** 0.001 “** 0.01 “*> 0.05 <> 0.1 © > 1
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Table 12. Mcfadden's R2 of each logistic models

6 explanatory variables dz and dt

Macfadden's R 0.7422 0.7160

Table 13. The hypoxia predictions using delta temperature

delta delta temperature
depth(dz) (dt)
0 0.003
0.006
0.015
0.036
0.084
0.185
0.358
0.578
0.772

p (probability of hypoxia by dt)

0.010
0.024
0.057
0.130
0.269
0.475
0.690
0.846
0.931

0.039
0.090
0.196
0.374
0.595
0.784
0.899
0.956
0.982

0.138
0.283
0.493
0.705
0.855
0.935
0.973
0.989
0.995

20

0 N ANV R WN~O|(0IN WUV AR WN RO WA WRN—= OO0 WV A W~

Sukl A FARKdz)7 ARFE WAk A uugoﬂ
2 2Hdt)yE ZrelA Al J AL m=ahy, Yt
27} 20m U] 291 2] WAk a7} urAlEly] uj o
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