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B% w5 wel|A] particulate organic carbon(POC)S] A|/57HA WSHE 2A1817] 1819, 1997 11E5E] 2000 8
A7) & 99 #BHo| o]Fo] Fom, T 717 FF IR EHA ,u_’:*\_ FranToly, el Fo e
9] fEHe] ZAERTE POC F 5 | thEga) m)Aja g &) °ﬁ<>ﬂﬂ1 & ghE (>100 mgm®) VR T thE-g-3 o
BApgo® 7pax k) pocy] v Wale AR o R 19973 19984 (Bl Nifio)®] 19993} 2000 (La Nifia) B}
Aoz FrhEo] vehdrt, ol @Ak mAAH7 Bl f«}?_ FQ 7Fee] TS = A sl e @

31e] wslel A A o7 Ake|o] §lon, 79k k§F O @} 22 AA 71% 5}9} o] Y O AlE
Hrh BE AAs gt ‘ﬂ‘il&ii FUEE o AE) URFHE 28 S0 57 7Rl ZAEAT SR e R
g B F50 POC BFEE oF FAP A #& 44 52 TR 9 A ks 7]“"’? Z & 5o vl
wth o153 B¢ "1“?4]3—]0 7c}94 FEHE Holl viate] @AgH sk, S7HE B35 755 A5 453
AZ1I EFolA g S/ o/ Zx1elA s RS POCE ‘?H’rﬁ}* MG ‘ZHE‘/“F’WW FgE 1L o]
= Loop Current?} Loop Current Eddies)d|l4 22 gut, B3} 718 5 AE%5 BE0|AL) ol HolA gk, S

HPali’Jr S BEPR0F Qlalo] FH2 Z9E ek ol B8 9 POCE Y tiEEel AlF A7l Ao Afg .

Surface particulate organic carbon (POC) concentration was measured in the Northeastern Gulf of Mexico on
9 cruises from November 1997 to August 2000 to investigate the seasonal and spatial variability related to syn-
chronous remote sensing data (Sea-viewing Wide Field-of-view Sensor (SeaWiFS), sea surface temperature
(SST), sea surface height anomaly (SSHA), and sea surface wind (SSW)) and recorded river discharge data.
Surface POC concentrations have higher values (>100 mg/m®) on the inner shelf and near the Mississippi Delta,
and decrease across the shelf and slope. The inter-annual variations of surface POC concentrations are relatively
higher during 1997 and 1998 (El Nifio) than during 1999 and 2000 (La Nifia) in the study area. This phe-
nomenon is directly related to the output of Mississippi River and other major rivers, which associated with glo-
bal climate change such as ENSO events. Although highest river runoff into the northern Gulf of Mexico Coast
occurs in early spring and lowest flow in late summer and fall, wide-range POC plumes are observed during
the summer cruises and lower concentrations and narrow dispersion of POC during the spring and fall cruises.
During the summer seasons, the river discharge remarkably decreases compared to the spring, but increasing
temperature causes strong stratification of the water column and increasing buoyancy in near-surface waters.
Low-density plumes containing higher POC concentrations extend out over the shelf and slope with spatial pat-
terns and controlled by the Loop Current and eddies, which dominate offshore circulation. Although river dis-
charge is normal or abnormal during the spring and fall seasons, increasing wind stress and decreasing
temperature cause vertical mixing, with higher surface POC concentrations confined to the inner shelf.

Keywords: Particulate organic carbon(POC), Remotely sensing data, Freshwater plume, The Gulf of Mexico,
Loop Current/Eddy, ENSO event
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A F JoA] A% i FE A2 (Gilbes et al., 1996; Walker,
1996; Hu et al., 2003) 2I3ollA Loop Current-t Loop Current
Eddies®] (Biggs, 1992; Biggs and Muller-Karger, 1994) 33
W= A 9ET & S veRdo o] 2458 Yoz &
7R 5718 A e Qe s VAT Fh)
dE 59, vAAF7 A= hypoxiaZt Doy “dead zone”
(Rabalais et al., 1996) ¥FEAL, MH E2 et} Aol = A2
W3} B o] “black water(SWEDOG, 2002; Hu ef al., 2004)
2 B2 @4 2T St
0] FUUNL F7HE FUR 2 2P EAE Fh3)
© AT 2 8 Fe FEN dEe g5 ARA
FEE W A0FE R IEHGTHWalker ef al,, 1994; Oey, 1995;
Morey et al., 2003). $H3 W] G & %S T3
A 2 | §igE Holed], o]¥ ¥sk= ENSO(EL Nifio/Southern
Oscillation) A 2 AA| 7159zl 2& #AE 7= A
o7 ZALE|GICHEnfield ef al., 2001; Schmidt ef al., 2001; Son,
2006). AT GlA El Nifio A7l 2138} Aoz Q1819
AE 0 8 & 78-S Ho|l(Ropelewski and Halpert, 1986),
La Niffa(Smith et al., 1998) 713tz Ao R 7 74
vellls Aew ®aggict

Ao R fYR A or UErl e g o ¥
F o8 sF7 ALRA Qair] TS W) 2EEHE AoR
ZAERAE ATA A 5E VRS @S 1ol ke
H Agdelle B-55F¢ dehlstMorey er al, 2003;
Ohlmann and Niiler, 2005), 1%+ Hellx1i= o=l A H wlge] 7
& gl gk wehs 1% 38| FEFCHOhlmann and Niiler,
2005). ¥b8 galelME FHR #F AlAEL Loop Currents)
Loop Current Bddiecl 2J8jA BF EFo] 4%g P AoF
B Eck(Walker ef al., 1994). |24 e S5 %
A 28Rl Loop Currenti= Gulf Stream®] *|FZA Yucatan

Channels 53to] WA o 2 {QlE] AZHEC 2 373}
WA Florida Strait 5310 threko 2 whby U7it}. Loop Current
© GV o7 AN g FRs A s 29 (warm-
core) W W4 (cold-core)?} 75 AU/ STHEliott, 1982; Vukovich
and Maul, 1985; Frolov et al., 2004). ) 75 ZA oA
T Are] 5d0] o]Fo] i AF Fto] iz wgho)
olFAXHA A F7t 2910F FaEo| RthBrooks and
Legeckis, 1982).

B Ao E AFER B35 IAFE] W3}, E3] particulate
organic carbon(POC)S] {31E Hetaliial 3151 0, ol sfjak)
A] doJul= carbon cyclingS ©)8ish=t] Q3 g0 F X8
Hk(Son ef al., 2009). T3t POC 9 B3| e F= 283
8818 AEA HIHER ol TA HEE ol < 3
249l AHZ ol 831k 718807 Zho) W, vy
S Al2ET 2 POC B30 98 F= o0 A 9 4
& BE AEEE olgERleH, o AdFo® AT
A3k G- vhekst sdeA Wale] nXe 221& sjelsky o))
sl 2ol 2 Ao gawc

X
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NEGOM(Northeastern Gulf of Mexicoy 5% Alz wke] o
5 9t Tz aEv sl @8R 1997
d11ERE 20009 889714 ¥ o] #Ho] 1) ElklE wlet
10070 A=e] Aol B2l sfek, 4E8 27e] st
ZAP} ol o] ArhFig. 1). 44 Al WY ¥, 9F, 283 7R
o] #Ho] #4010 mellA] 1000 m 74<]2) chekgt $7deiM Hhe
o] o]Fo] Frt. 71E4Q 2 2 GF-E CTDE Edtof #5y]
S1, o}EZF(sub-surface) 5= ¥l FEE ADCP(Acoustic
Doppler Current Profiler) o] 234 @iz ztg 2 A=),

POC FEe 35 13 HHE 33E GF/FRM Aol 5500114

92°%y 90° 80w
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Fig. 1. Bathymetry in the Gulf of Mexico
and Northeastern Gulf of Mexico
(NEGOM) sampling station from Novem-
ber 1997 to August 2000 (I1 sampling
tracks and 60 sampling stations).
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Son et al., 2009).

g o] gdl] FIIRAE AT ¥
1§31 ZHSIHIGOFS, 1996;

S5 YA Dlo| 32 YS9l wRY

£ Aol AR 5% wAE we) T8 ] fEFES 3 44
7K(1997-2000) ¥ = A2 (USGS; http://waterdata.usgs.gov/
nwis/sw) ¥] S 3] (U.S. Army Corps of Engineers; http:/
/www.mvn.usace.army.mil/eng/edhd/Weontrol/miss.htm)Z €] ¥
28 AR E AT BT WRES & BFo] o]Fojxl /]
Zbst wimsly] gsfed, A F Koz @A, 22 L}
Folal 21 kS FAt sISiTh 1) HIAAIE] A9 Mississippi, Pearl,
Pascagoula, Tombigbee, Alabama River; 2) ZZ2t} X|%; Escambia,
Perdido, Blackwater, Yellow, Choctawhatchee, Ochlockonee, Apalachicola,
Econfina, Fenholloway, Steinhatchee, Suwannee River(Fig. 1).

HMRI=

HE7IRE Bt HAIE jhe ETehe a4 91940421 SeaWiFS
(Sea-viewing Wide Field-of-view Sensor)®] Ak NASA Ocean
Biology Processing Group(http://oceancolor.gsfc.nasa.gov/)y=5E
AF o}, Level 1A AR+ SeaWiFS H-&H e ZE 19

N1:Nov. 16 - 26,97

Vi o YA ASE o189 BF WAL el Bl Nifiosh La Nina 71

N2:May. 05 - 16,98

B EF R IeRY] AlaTE Hsk ATt 53

SeaDAS(SeaWiFS Data Analysis System)E ©]8-3F 1km 3
EZ 7= Level 2 ARE AT HTHMcClain ef al., 2004).
Normalized water-leaving radiance(L,,) &%= Zzhe] #&7)7h
Fatell poCe] FEE FPshstl ARSI, 7188 A
QIMNDCI(Maximum Normalized Difference Carbon Index) &1
&L olgato] AXFEUTHSon ef al,, 2009). 94 AHEE ]
3o 49 POC AEE Hu =0 (sea surface height anomaly)
AE2l FAEHAT

A&7 B ¥55-& AEE NOAA Advanced Very High
Resolution Radiometer( AVHRR)E AF§35151 97, Physical Oceanography
Distributed Active Archive Center(PO.DAAC)E A3 Eol(http:/
/podaac.jpl.nasa.gov/index html) QT Ge] DTF 4 km F=
2 A AR 2592 AE e T duasold A5 i
=it

FH I o> TOPEX/POSEIDON altimeterE ©]-83f #5¢
ZFEE PO.DAAC(http://podaac.jpl.nasa.gov/index. html)olIA] A&
who} AXEE I 718241 BAE F3t] 9 kme] WIEE V1A
AEE AgEqit sidnsold AFEE A7HGelA SR
355 Al2~elQl Loop Current®} Loop Current EddiesE 531
ol AMgEQlor, POC B %5 & X A5} HEEH A+
Aofol) Bg A FAHUE.
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Fig. 2. Surface particulate organic matter concentration (mg/m’) contoured from bottle samples collected at ~60 stations during each NEGOM hydro-
graphic cruise. Cruises N1/N4/N7 were completed during the fall, N2/N5/N8 - during the spring, and N3/N6/N9 - during the summer.
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E51RE SSM/I(Special sensor Microwave/Image)S
o]-&3 #=% AZ2A Remote Sensing System in Santa Rosa,
California(http://www.remss.com)EHF-E] A|F o} 1-FA]o) g
=5 A AR AT Wentz, 1997).

Xt

2o A IH

1

POCe| AIEH Bz}

ATAGeM £ d5e] B4 549 2 POC] w5 A
A wEt gerst Wss Btk #5717 < POCE ~15
- ~771 mg/m’, BF GEEE ~18 - ~36 (psu), BF 522 ~18
- ~32(°C)] U19]8] §3kE HSthFigs. 2-4). & ¥5 B2 POC

T B 89 mg/m’, AT BF 5 Fd 142 mg/m’, 133 7}
€ 5 TU2 BE 59 mgm’S R AF BH AjF R F

7FEOR ghE BT (Fig. 5a). B3 ke 5l W di

47} 348} 35 Y9 E Boloprl, oiF #SelMe Qs vk 3
Z8lo] HE 322 YeERItHFigs. 3 & 5a). 9123 POCY F3)
= E AGTE b 52 522 POCT} 374
akE = 722 YEPIQITHFigs. 2 & 3). 28U 7SE B2 %
%2 POCE HEAFA UlollA] Algks] o] dad=SthFig. 2). POC
oF B35 AR AN Boldt AE Hdle HolXE oA
9h QdukA 0 2 2ok 8 5% 0 pOC WEE BYITH(Fig. 5b).
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N1:Nov. 16 - 26,97

N2:May. 05 - 16,98
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71 #AZ0) (112 #5: N1-1997, N4-1998, N7-1999) A
o2 & FLPOC(>100 mg/m’) BI= o) g A|g
o R, v T FHAA FTEE ] et ThFig. 2).
A o7 poC T & FE H ARIAYGOR 7FaA &
28] ZAHI, QLTS 543 F7HEE S BTH(Figs. 2
& 3). POC Zd W3tollA 1997 7R (N1)S) HE POC 5=
(80 mg/m®) 1998, 1999, 12|31 A 7[& o FTHUKS52, 46,
59 mg/m’; Fig. 5a) €3] & 3] HsE Kok JEses 71
FE7IZ B & AEE JeERR] L9kAE, 1997 7R (NS
H F&2(~22°C) B2 BT} 1~2°C AE A 2AF Hth
(N4(24.4 °C), N7(23.7 °C), Figs. 4 & 5a).

B #EoA (42-589=: N2-1998, N5-1999, N8-2000) 100
mg/m® ©1%d<] POC i tis5 <ol Algks]o] wesix|rt,
F2 7 GTAME 7Fe B85 R S7hE ] YEldtHFg. 2). &
TR wAAT] A]Ge] BFFE B o) de] s vERs:
AeHFig. 6a), EEEITH Aol M= 1998 B2 AL)SkL 1999
7} 20003l FH R oha W2 ghS Bt (Fig. 6b). ©]= 1)
AT Aol P=2] f]lo] 2Rt XYRT) 29SS XA
31, ¢ 2 15101 Mobile Bay®}Mississippi Delta AFo]ollA] At]
Aox 7 25 T IUW Ao ). gy
1998 B2 9o Fe Hanrh SRR, 19994 He
Hd POC 5= (N5; 129 mg/m’®) 1998, 2000, 12| 1 Hitgk
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Fig. 3. Surface salinity from CTD data averaged during each NEGOM hydrographic cruise. Contour interval is 1.
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N2:May. 05 - 16,98

B A3 Wl El Nifios} La Nifia 7RF 5<F

5 A 1] AlARE W 55
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Fig. 4. Sea surface temperature (SST) from NOAA AVHRR satellite data averaged over each NEGOM cruise (°C) superimposed on sea surface
height anomaly (SSHA) from TOPEX/POSEIDON satellite altimeter data averaged over each NEGOM cruise (cm). Contour interval is 5 cm.

B} =4 Jelth87, 55, 89 mg/m’®; Fig. 5a).
0%% BEoA (72-82 B5: N3-1998, N6-1999, N9-2000) %
FES] POCE (>100 mg/m’) T8 Eo0] 928 2ol 1}
E}% ¥ ool 9] g 9 thEAMAZEA] EAE o] RESH= <
AE BAGEFEe 2). ¥ %Y POC EE= Mobile Bay$}
Mississippi Delta Alo]ol|A] hede]o] g2t Wgko s a8 1
Stk #E FES] POCE & S 5 ] tiEg A HedA
AT} o] Z7HE POC BRI W QREZ 7AE 57
o] 24} YA HATHFigs. 2 & 3), T A5 AUHQ 4=
b= oS ARPAZ BolE Zlow AL HFig. 6). Ak
SPA A7 ol AThEQl R oFH ] F43] £
Fro|AY Bt olste] @& vEhdY] whioltt. TRl 1998 o
22 thh FEgET S7E AR R, 19999} 2000632 Ao) w5
B Hat ol A" ke y_oﬂt}(Flg 6) (1998 Z7}1€ v}
TR sl T W 54 ZxA o sjrt) F7h=]
HFig. 2)). 58S B¢ BF 722 & HslE vehR] 29k
BT ~30 °C, Figs. 4 and 5a), Walel ALEo] 437} &35

WA el B2 WY Adr B3EE BAh(Figs. 2 & 3).

=2 Yo YRY U $59| 453}

ko] Anjold 2 FE POC BIE AQFY Bxd ¥
BHBAE BAFI Y (Figs. 2, 3, 5b), ol HF WA v
o AAlskes FL8 FERFH FYHE 9 9% A
oz Wy gl Ao BzErh ArA oA R Here
A Aol FUHLEA FFFE >92%), YHAE &
2t} Aol (A WHRZS <8%; Fig. 6) &t} HZ2]

AA HstelA FHo] HHEL 2Eo]3 = AAFNN JREE 7}
A ZAErkFig. 6).

Fig. 5a%llA] o 0], 19977 1998 F<F B -2 4 ¢
F5= (~25.1°C & ~33.9 psu) 19993} 20000 2tH~26.5 °C &
~34.2 psu) RS, FF POC FEE1997 19983°](~100 mg/
m®) Th2 S7FE o1 RS BATH1999 & 2000: ~96 mg/m’).
o] WrFEFe] FWw sl 19973} 1998\ 2] B W]
(~4x10%) A FFgRT Fhow, =3+ 19999} 20000 HHE
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Fig. 5. (a) Surface temperature (circle), salinity (diamond), and POC
(triangle) averaged over areas with each cruise. Each line is the
mean value of temperature, salinity, and POC. (b) Surface POC con-
centration as a function of salinity (fall is circle, spring is square,
and summer is triangle). POC concentration is inversely correlated
with surface salinity.

TH~2.5%10°% Fig. 6) 53] 57H A LAdot. oA 7}
g 2] f91e S PoCER W A R d¥s
= Q07 Algg)

Fig. 69 FQ 7}5-9] WF% ¥ oA BRojFEo], 19974
B 20009714 W) Wshs AEAoR ghe) Aol Kol
Tk ENSO &2 2 Wslel FARE B3k RojFEr) ol 1
Frege] W) ArPdA oz 73] IS e AoE g
HH(Enfield er al., 2001; Schmidt er al., 2001). El Nifio”} Y]
W 19977 1998 E<tol WHHS Rk TVHEHUA, La
Nifia 217121 19993} 2000 F<tol| FEZS Aoz 74
o] UEPdtH(Fig. 6). A1 FEA dFslgso] X9 o
FolA 19 959 H3}= El Nifio®} La Nifia A7]2] S35
795 Azl #AE B u3kitH(Ropelewski and Halpert, 1986;
Smith ef al., 1998; Enfield ef al., 2001; Schmidt ef al., 2001; Son,
2006). El NifiorAl7]el AA7x94-2 ¢ ELa Nifia Al71 80} A
Z 719] F3 2R lsle] Adtjd o skl Sk A
o7 A} ©gi). 9Fd La Nifia Al71E HH# = E] NifioA]7]
B} A% 7] 20R Qlsjo] AuFo g o] ad
Ao2 ®WIFYJATHEnfield er al., 2001; Schmidt et al., 2001).
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Fig. 6. Monthly discharge for major rivers in the northeastern Gulf
of Mexico (fall is circle, spring is square, summer is triangle, solid
line is mean value, and dashed line is ENSQ index) for (a) the Mis-
sissippi area; (b) the Florida area (note the much smaller range than
in (a)). Monthly river discharges in major rivers were greater during
1997 and 1998 than during 1999 and 2000.

Son(2006) 3% 3k A4 e A4S B4 dHA E

=
Nifo7}h Qolskal A7)e] AR o® F& 29Re Uehle
©F B Sk ol AR 1N B HEB Wsh
= 93] s e wskod, ARNA LR POCe S
W Rxo] G F Aoz goE

7141 Wil gl AEAECE A FEHS Hole &
9] 79, AT R Qo= 19973FE 199937FA] Hat o)A
9 ¥ g B3, ERYT AYolxw 19980l Auid e
¥ A Fig. 6). 3FA%E 3318 XN Ads W nF T
POC 2= 2 7 YTelA] Algks]o] F7hso] VeEhdth(Figs.
2 & 3). Gilbes ef al.(1996) 914 823 2F o] &3}o] o]
H UrHQl g BEE B dojur BF 1-67 A% ©
Ao =< Frin RuF@ARE B A7 Bync gad
X g oJEE e Ak B Ao AR SATHEFIgs. 2 & 3).

ol A 59 5 (stratification)?t E5olA F7kE
g (buoyancy)2] Gl ek Ao 2 ZALEGITE Fig. 79] 9% -
BL 529 £A dufoln, QEEL GRETY £4 UHES
HOIFT} Figs. 7a%t 7b= Fig. 19014 line 4(L4)Q] ©Hko|1,
Figs. 7¢8} 7d= 41000 mE w2E #= FH1 89 44 o4
T8 19973 7NN B Fiolth £9Ee] ZolE 50m
ol UEha - 14 Rt UiEs A9 iR O
ggfo] 98-S HojFr), o dighollA] wekel E35} 3o o)
A THEEY, AZ OE FH9] E87 2o £
UAEE 794 SARTE £ o] TlEe AR R
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o), Bdt BEe2y sanmold A1 [gstol S S8 FE BolEUH(Son, 2006). B /MEEG HojAel
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Fig. 8. Sea surface wind (SSW) from scatterometer data averaged over each NEGOM cruise (m/s). Wind patterns in the Gulf of Mexico
have a significant seasonal pattern. During the fall and early spring, relatively strong winds interrupted the dispersion of particulate materials
due to strong vertical mixing. During the late spring and summer seasons, winds were relatively weak and insignificant in the Gulf coast.
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