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SUMMARY

1. Title

International Cooperation in Observing the Ocean in Real Time (ARGO)

II. Necessities and Objective of the Study

1. Necessity
- Contribution to the international cooperative research program in relation
to climate
- Improvement of the prediction of oceanic climate change
- The use of data from the international ARGO program for national
economic benefit

- Performance of open ocean research to extend national power
2. Objectives

Cooperative research program for national contribution to "International

ARGO Program,

III. Scopes of the Study

Survey for national plans for ARGO of participating countries

- Survey for technical characteristics of ARGO float

Archive and Use Argo data from International ARGO program

- National plan and role of Korean community

ARGO floats deployment of national contribution
- Preliminary studies for the application of ARGO data

- Automation of ARGO raw data conversion and processing



IV. Results of the Study

1. ARGO floats deployment: national contributing to 'International ARGO
Program |

Year of 2007 (9 Argo floats)

a. Deployment of 9 floats to the East Sea by R/V Eardo of KORDL

b. Preparation of deployment of 3 floats at the Drake passage with the part
of IPY by Germany Icebreaker R/V Polarstern (expected deployment early
2008).

Year of 2008 (14 Argo floats)

a. Deployment of 14 floats to the East Sea by R/V Eardo of KORDL
b. Deployment of 3 floats at the Drake passage with the part of IPY by
Germany Icebreaker R/V Polarstern.

Year of 2009 (5 Argo floats)

a. Deployment of 5 floats to the East Sea by R/V Eardo of KORDI.

2. Automation of ARGO data processing
a. Data deliverly system from limited argos webpage that is downloaded
everyday (https://argos—system.cls.fr/cwi/Logon.do).
b. Extract location data from downloads and decode data to get temperature
and salinity profiles.
c. Generate NetCDF files from the converted data and distribute to the
GDAC (Global Data Assembly Center).

d. Operate KORDI's argo data service homepage http://argo.kordi.re kr

3. Preliminary studies for application of ARGO data
a. Validation and verification of ocean -circulation modelling results by

comparison between ARGO data and temperature and salinity profiles



b.

o

-

obtained from OGCM(Ocena Global Circulation Model).

Verification of CTD sensors equipped on floats by comparison between
ARGO data and vertical and horizontal distribution of temperature and
salinity obtained by CTD casting during deployment.

Paper titled "Argo: the challenge of continuing 10 years of progress” in
TOS (The Oceanography Society) working on the achievement and
progress in oceanographic data set of continuing 10 years.

Paper titled "Delayed Mode Quality Control of Argo Data and Its
Vertification in the Pacific Ocean -in Korear’’ in the Journal of the Korean
Environmental Sciences Society working on delayed mode quality control
of Argo data.

Paper titled "Variability of surface chlorophyll concentration in the
northwest Pacific Ocean -in Korean’ in OPR(Ocean and Polar Research)
working on the seasonal and interannual variability of surface
chlorophyll-a concentration and mixed layer depth (MLD) calculated from
temperature profiles of Ar3l floats data.

Paper titled "Development of Real-time Oceanographic Information System
for Pelagic Fishery Based on Argo Data —in Korean’ in the Journal of the
Korean Environmental Sciences Society working on Argo data to help

fishing fleet to find fishing grounds.

4, Data collection from the internaltional ARGO Program

a. All float data are available through internet from GDAC (Global Data

Assembly Center) Argo data center Coriolis (http://www.coriolis.eu.org)

or USGODAE (http://www.usgodae.org/argo/argo.html) in NetCDF format.

We are collecting data from floats deployed in the East Sea by research

institutions such as KMA.

5. Establish the Korea ARGO Information Center under KOC and prepare

collaboration with international ARGO Information Center.

a. Collected ARGO data from various sources and designed a database to



mange the data set

b. Studied ARGO data management

6. International collaboration
a. Survey possible cooperation through existing Bi-lateral cooperation

between Korea and Chile initiated by Polar Research Center, KORDI



_10_



OB s 3
o ;2} ........................................................................................................................................ 11
ST R EL R ettt 15
E%j} ........................................................................................................................................ 20
;(.]] 1 73]- /\-] % ......................................................................................................................... 23
Al 1 A G BEA s 23
A 2 A ATO T QA s 25
Al 3 A QL T QL cererererseee e 25

L. QTG0 ELIE HD U8 cerrreereeeees ettt %

2. _ir;ﬂ;ﬂ]}]]: 1;.; H&—\?j-l ..................................................................................................... 27

A 2 A FULY Z)IETNHE T e 29
A1 A FU ARGO ARG e 29

1. U] ARGO AFQ B EF oo 29

2. B ARGO 29 Q3] BE v 30

Z] 2 A TEA] I TE ceeeeeees sttt 31

Lo TRl ATGO TEE TL B covereeeeeseet et 31

2. A Argo TLETFY] FE] e 33

A 3F AFME 3 PR D AT o 37
A1 A ARGO 70 T8} TUBE coerrerreeneemn e 37
A 2 A ARGO E7] A5 E o] &3 TAAA af3F TFol e 38

1. ENAEE F83] AAZF 13 FA] 38

2. B3 SERA FW FFNM YA E BUY SHF R a1

A 3 A ARGO Z702] SEAFA ZFE v 45

1. Egﬂ B EBALA B L e 46

2. ARGO S/ =2 #=3H T &£&E14 53 profiles —jF3& «reeeeerserieninnn 47

A 4 A FF ARGO BH AIE 9] 7]HF JE3E s 50

1. ARGO AR G5 D A F A Al TG-S oreererrerermrmrmenees 50

2. 3 o] A AAZE FSBAR A FA ZE 0] 52

3. 23] Argo AR O HARE FFTE] o, 54

4. 53] A AR L Reference Database B 7J s 62

A5 A Argo ZIRRFE BFE G TE oo 68

1. Sguet H718 B89 ald o]% L A FI)7F A e 68

_11_



2. ArgoAtEE o] &3k o] AAZF S AHBA B TPEE e 71

A 4F QFNE B2 GAE D g 7] T i 75
A1 A AT WY HE BT W B Q] e 75
A 2 A AXFE AT TP TR I e 76

A5 A AT AT B AT e, 77
Al T A ZF R HE O et 77
A 2Ad 7Y L o) AF ThF G e 77

A 6 FF FTL BTG oottt sttt ssssssisss s s ssasstass st st s 79

J_?_ % T ceeerrrrr e
<HILA> A FZATE] A TF HILA] e s

EL B T corererererenen et
<3=1-> Argo: the challenge of continuing 10 years of progress e
<E=E> H]jgoo]: Argo ;(].Evo/] x]cﬂt!c -’-;d_ﬂ]_g] U] 7—]7~oj:rL ..................................
LR Argo A5 E o] 83 oA AAZ S RBAAE S e
<=F> j;/\ﬂeﬁﬁok,] E%“?ﬂ%i B T A e

EL B T ceeeeeeeeeeeeeene e s
Argo ,47]]4 /C&.E_/%_%)]\_]-i%]: /\] 7;‘”03:1 ....................................................................

_12_



CONTENTS

Summary .................................................................................................................................... 3
COHtentS .................................................................................................................................... 11
LlSt Of Figures ........................................................................................................................ 15
LlSt Of TableS ......................................................................................................................... 20
Chapter I IntrOdUCtion ...................................................................................................... 23
SeCtiOH 1 ObjeCtiveS Of Study ...................................................................................... 23
SeCtiOH 2 NeCGSSitieS Of Study ..................................................................................... 25
SeCtiOH 3 OVerVieW Of Study ....................................................................................... 25

1‘ ObjeCtiVCS and Outhne Of Study .......................................................................... 26

2' MethOd ....................................................................................................................... 2’7

SeCtiOH 1 Argo program in Korea .............................................................................. 29
1. Status Of Argo program in Korea ..................................................................... 29

2' Korean Argo Committee ACtiVitieS ................................................................... 30
Section 2 ACtiVitieS Of overseas Countries ............................................................. 31
1. Status Of Intemational Argo Program .............................................................. 31

2. Cooperation with International Argo Community -:weeeeemeeseeeemessessenenene 33
Chapter III Contents and Results Of the Study .................................................... 3’7
SeCtion 1 Status Of Argo ﬂoat deployment ........................................................... 37
Section 2. Understanding of the ocean conditions in the East Sea using Argo
data ................................................................................................................... 38

1. Analysis of the ocean conditions in the East Sea using Argo data ------- 38

2. Analysis of elliptical eddies in the Ulleung Basin of the East Sea - 41
Section 3. DO sensor data equipped at Argo float e, 45
1. Structure of dissolved oxygen distribution in the East Sea -«eeeeeeeeeeees 46

2. Vertical profile Structure of dissolved oxygen distribution in the East

Sea Observed from Argo ﬂoat ........................................................................... 47
Section 4. Construction of a base of Korea ARGO Information Center -« 50
1. Construction of a base of application and data collection of Argo «« 50

2. Operational system of ocean condition information for oversea fishing
grOUndS il’l real_time ............................................................................................. 52
3. Delay mode quality control (DMQC) of Argo data for the East Sea - 4

_13_



4. Enhancement of Reference Database of DMQC for the East Seaq - 62

Section 5. Researches of Argo data appliCation =« s seessessmssssssisiiiisissisinnes 68
1. Watermass movement and residential days in Korean oceanic dmping

SlteS ........................................................................................................................... 68

2. Ocean condition information system development for oversea fishing
grOUndS uSing Argo data .................................................................................... 71
Chapter IV. Achievement and external contribution of the study - 75
Section 1. Final goal and extend of research & development -« wseeeeeeeesereeesenee )
Section 2 Yeal‘*tO*year aChievement ......................................................................... 76
Chapter V. Application plan of the TeSUlLs « i, 77
Section 1 Apphcation plan ............................................................................................. ’7’7
Section 2. Expectation results and spreading effects e 77
Chapter VI References ..................................................................................................... 79
Appendlx I ..................................................................................................................................
<BIA> DMQC RepOrt fOr PT e eeesseceseemseessesisesisseiisesiesissssessessesssssnssesessesesscess
ADDENAIX TT croveeresssserssnsersunessinisisnisiissssis i bbb s
<paper> Argo: the challenge of continuing 10 years of progress « =
<paper> Delayed Mode Quality Control of Argo Data and Its Verification in
the PaCifiC Ocean — I'I] KOJ‘@EIU ......................................................................

<paper> Development of Real-time Oceanographic Information System for

Pelagic FlSheI'y Based on Argo Data — 1'17 KOT@&H ..................................

<paper> Variability of surface chlorophyll concentration in the northwest
PaCifiC Ocean — ]'17 KOF@EZH ..............................................................................

Appendix III ...............................................................................................................................

Time series of temperature, salinity and dissolved oxygen contents of float
DrOfﬂeS .....................................................................................................................................

_14_



[ N Y
o o o o g o

I
o

I
o

a4

A=

at

A=

o

I
o

o

a4

[ N S s
o g o g g o

|
o

I
o

4 2-1
4 2-2.

2-3.
2-4.

.31
.32,

3-3.

3-5.
3-6.
3-1.
3-8.

3-9.

3-10.

4 3-11L
3-12.
3-13.
3-14.
3-15.
3-16.
3-17.

3-18.
4 3-19.

FEZ0] Argo Z7) (20061 119 10Q1) worrrrrrereeeemsmssnsesssssssssssssssssssssseee 31
FEZ0) Argo Z7) (200710 119 19Q1) srrrrrrrrmeesssmmmssserrssssssssssssssssssseee 39
20 Argo Z7] (20081 10 1901) wrrrrrrrreeemssmmssssessssisssssssssssssssesees 39
FEZ0] Argo Z7] (2000 11Y 1) rsrrmrerenserssssssssssissssssssssssssnans 33
ZH o)A ARGO NG BF G A]  corrrrvvemsrmrneersssssssssnerssssssssssseeesessssssenns 39

Zao] A ARGO E709 Z 2 KA A A v, 39

Sallol A e -2kl Abol o) 2 AT 24 () 84(3)

(DOOATTIA) wevereerermsseessssnsssssssssossss s 40
selol A @ -2 kR Y Atele] siHaE AlAE
(3] k] Z=A] 2B (KOPS) Z TJ) woerereeemssemsieisiiiiiiiii 41
wopo] WA T FA EAIFE AFEE EFS e 43
A2 D DO profiles ©] o (2000787 wwrveeerssssssssssssssssssessssssssssssssssssssssssnans 46
ARGOS CTD THE DO 7FS] AFE. H T weoeeersrmessssssssssssssssssssssenssssnssss 46
World Ocean Atlas-2005 o oJg Fajo] 3 &AL FEx % (F)
AT, (FD) 4L, (§) 8L wrrrrrrrrrrerssssssssssimisisssssssss s a7
&3l DO profiles 9] % F2(2900448, 2900604, 2900605, 2900795) - 48
g@Eatae] AAG-FA B T2 () ARGO ID 2000448, ()
ARGO TD 2900604 -+-cvseeceesecersrvesmermenesmssessaneessessssessssesssssesessssessssessesessssesssnns 48
AFQ] ZE 8l Z 1 I et 51
Argo EMfro G5 AA 0] AFX] 712 H R oo 51
AAT Argo AR S Al2wd g AR TR e 52
ST 1 OFO] Q] O] HFIE wevvvvvrerrssssssmsmsssssessssssssmmsssesesssssssssssssee s 53
GDACO ZEE] B E3F LU O] 25 corrrrveimneressssinneressssossrsssssssssessssee 53
a3 =5 AR AAH HA D (a) A A 2 (b) dE 54
EJSHB (East/Japan Sea HydroBase)Z ®l& o2 W]JOE F 3l
ArgoS ol B8 8] Z T oo 56
(a) WIOZ 21383} (h) OWZRZ T AFE3E 91 v 57
WJO (B=)sF OW (B27)7F AAIEE QB B AR e 58

_15_



19 3-20. EJSHB (East/Japan Sea HydroBase)ol F71€ CTD AE Y= )3}
F1ZEO] FH (H] F) corervsssersssssnessssinsssssss s 59
a7 3-21. (a) YHEEQ T 299 (b) Ealol HETF 2] e 60
719 3-22. EJSHB (East/Japan Sea HydroBase)S Hl® o2 WJOE &3l
ArgoZ ] ol A8 Z B Z T} e 60
a9 3-23. -2yl Argo DMQC 3 o]A] (http://argo.nfrdirekr): (a) 7§12, (b)
DMQC A2, (c) PI H7F 8 (d) A ARFE e 61
a9 3-24. HAEIE Y 400m FA A Y] T dE X (Winterfeld and
SEOIIUTIEL, TQ72) wereeeeeeeeeeeseeessesessessssssssssssssess s 63
1% 3-25. SeHyDE vl o WJOE &3l ArgoZ/lol 283 &2 A} e 63
18] 3-26. & CTD ZR T Q] T8 diagram «eeessseereesesssssssssssssssssssssssssnnnss 64
77 3-27. CREASM CTD At ZHFE FHE A4e 800mT4 ¢ d& B+
F A2 (Park and Kim, 2007) o 66
¥ 3-28. WMQC A&d #els §7] d(a)3} F(b)e] T-S diagrams (3
A9 A}zEe o] WMQC B L E LFEFW) s 67
% 3-29. BRE ARd #y AAE 3% CTD ZE3Y9 (a) $1x1% o9
TR NN P T ———— 67
1% 3-30. Argo S0 AA 3 A ZAE F& AFEE T (G FE,
g B A, AAE SFUAWNFETA G o 70
T9 3-31 Ao AARE AFAFEA LA Agets AUEE G FHERE
(a), FATEHE (b) 74 Z23A (09 o. A& Al Z=HoA
AT MG QB BFO] AFG B ) wovvevrrerrssssssmisssssssssssssiessses 7
¥ 3-32.9040 &) SSTe D209] 7IEA 25 F4% ND #2£5 7hhEo]

O] 8 BE(CPUR) T} BH] oA BF covvevessssmmmsssneeressssssssssmsssssssessesssssssnmsensseeeees 74

_16_



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

2-1.
2-2.
2-3.
2-4.
3-1.
3-2.
3-3.

3-4.

3-5.

3-6.

3-17.

3-8.

3-9.

3-10.

3-11.
3-12.
3-13.

3-14.
3-15.
3-16.

LIST OF FIGURES

Active Argo floats as of 10 November 2006 - srereseremessssesesnen 31
Active Argo floats as of 19 November 2007 - wsseerescremsscsemesnaen 32
Active Argo floats as of 19 October 2008 - wsreseersrrmsereieeisennes 32
Active Argo floats as of 1 November 2000 «wessseeemssscsemssscsimssnnne. 33
Distributed location of ARGO floats in the East Sea «weeeeeseeeeeeseeess 39

Time series of available profiles of ARGO float in the East Sea - 39
Vertical temperature distribution between Korea Straits and Tsugaru
Straits in the East Sea in February (upper) and in August (lower)
for 2004"’2007 ...................................................................................................... 40

Sea surface height between Korea Straits and Tsugaru Straits in the

East Sea (Results of Korea Ocean Prediction System) «:eeeeeeeeeereeeees 41
Selected floats tracks with calculated ellipses overlapped «::eeeeeeees 43
ReprOCGSSCd Sample Of DO prOfﬂeS Of 2900787 ......................................... 46

Inter-comparison of CTD bottle DO observation and Argo float DO
GEIISOT *reressresresessessmssssesssssss e st s st s s s s e R R R e 46
Surface disribution of dissolved oxygen based on World Ocean
Atlas—2005 : Yearly mean (left), April (center) and August (right) - 47
Vertical distribution of DO profiles in the East Sea (2900448, 2900604,
2000605, ZO00TOD) -vsseresmsrsrssssrssssssssssssssisssssssmssissssssssssssbsssessssss st ssissssisssasssns 48

Time series of dissolved oxygen profiles : 2900448 (left), 2900604
(TIGRE) woveeereseerssesssemmmsesse ittt 48
Conceptual diagram Of DrOjeCt performance ............................................... 51
Argo salinity sensor drift and offset QC procedure «weeeeeeeeeeeeeeeee: 51
Conceptual diagram for global Argo data collection system and
Real-time information for pelagic fiShery.) e 52
Fishing grounds of Korean pelagic fiShery i 53
Number of Argo profiles obtained from GDACS in 2008 -«wweeeereereeeeeees 53

Visual inspection of temperature (a) salinity (b) versus pressure using

_17_



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.
Fig.

3-17.

3-18.

3-19.

3-20.

3-21.

3-22.

3-23.

3-24.

3-20.

3-26.
3-21.

3-28.

3-29.

3-30.
3-31.

8 GTADIIC TOOL rrvvsesessessssosssssssosssmsnssssussnsssisssssssmssessussissssisssssssssssssssmonssssmssssssssssss 54
Output figures of WJO software applied to Argo profiles in the East
Sea using EJSHB(East/Japan Sea HydroBase) - eeemseemseceennne. 56
Levels of potential temperature used in WJO program (a) and OW
DIOGTAM (D) serevssessssssesssnsessuinsssissssisnssssissssssinssssis s s 57
Salinity correction suggested by WJO program (pink) and OW
DIOGTAM (DIUE) wrevsreressererssseresssrsesmmsssssssesesssssesssssesssesosssesessssesess s sess e sonssessones 58
Positions of added (filled circle) and existing (open circle) CTD
profiles in EJSHB (East/Japan Sea HydroBase) - swseeeesecesseceens 59
Default settings of potential temperature levels(a) and and adjusted to
the FASt SEA(D) werreresrersersssssessessssssissssssssissssssssssssssss st 60
Output figures of WJO software applied to Argo profiles in the East
Sea USING EJSHB wresseeesseersseresseesussesaissssisse it 60
Webpage for Korean Argo DMQC (http://argo.nfrdi.rekr). Introduction
(a), Data management for DMQC (b), PI evaluation (c) and Delayed
MOAE data () eseeeesersesssessessesssssssisessssisis i 61
Horizontal distributions of temperature and salinity at the depth of
400m in the Northwest Pacific (Winterfeld and Stommel, 1972) -+ 63
Output figures of WJO software applied to Argo profiles in the East
Sea USING SEHYID wrvesreeeesseressseremsserimsseiiise i 63
T-S diagram for all collected CTD Profiles s seresseresseresrsceussceuennnee 64
Means and their standard deviations at 800 m which was calculated
from CREASM CTD data in each sector(Park and Kim, 2007) -« 66
T-S diagrams before (a) and after (b) water mass quality control
(WMQC). Red rectangles represent the range of WIMQC. «wweeeeeeeeeeeees 67
Locations of CTD profiles which passed all QC processes(a) and their
T=S diagrami(b). « s smssssssssssssmssosisssssssmossssssssisssnisssssnsssssinsssssissssssismsnisss 67
Korea oceanic dumping site with trajectory of Argo float -=«---wereeeeeee 70
Horizontal temperature distribution (a), vertical temperature
distribution (b), and vertical profile (c) in the Tropical Pacific from

Real—time ocean COI’lditiOH information System ......................................... 72

_18_



Fig. 3-32. Tuna CPUE and ND distribution estimated from D20 and SST of

previous month ...................................................................................................

_19_



=~ < S =<

=<

3-1.
3-2.
3-3.
3-4.
3-5.
3-6.
3-1.

2007 ~2009 APEX Z7] E3FQ] Q OF st 37
SERZ] F L] 9F5F O] T X] e 44
20084 10 A S8 Argo AARE QC T ;e 54
WJO Z2aa3s Sao] Aea7] ol AFEE QA e, 55
2R E] CTD 45 & LR TFQ] sttt e 58
T3 o] Aol (Kim ef al, 2004) e, 65
ARGO ol2 ol TGN S5AFI17E FHA oo 69

_20_



LIST OF TABLES

Table 3-1. Summary of APEX float deployments in 2007 ~ 2009 «-exeeereereessneeencneen 37
Table 3_2 StatiStiCS Of eddies near Ulleung baSin ................................................... 44

Table 3-3. Status of Korean Argo delayed mode quality control as of October

Q)R +vsrvresrrrrsrrsesarsesin sttt 54
Table 3-4. Parameters used in WJO program applied to the East Sea - 55
Table 3-5. Collected CTD Profiles s ressseresseresirmissesisscressesesssesisessssssees 58
Table 3-6. Definition of water masses in the East Sea(Kim et al, 2004) -« 65

Table 3-7. Residential days in the oceanic dumping site estimated using Argo

_21_



7/ (ARGO =71, © (ARGO brochure, 1999).
Frul&=a Abske]l AR st A3 T00) ek A A7 71 TH(WMO) ol A =
= A ARGO = =1 (Array for Real-time Geostrophic Oceanography)< %3}
°F 3000 thel =705 ol&stel A AA s AAZter ASstaat Fok(Arsl
Science Team, 2000). 20093 & =4 ARGO ZZ1o= thdtil=S ¥ 3}s}o]
2070 =7k7F Feetal dh felugtdd s el d A V44
stal d=dl, 8 S FoF g salet HAEESE F=slelth oE s g
g hekgk 2o w SN RSkt vbset] wEel dAahad Bk oby

g g YgS A= Aty g3 E

ol
ol
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s
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o
ofo
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i
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_0|L
ok
_l

213 & glo] AAHoRE 1A} =)
r=+2l ARGO (Array for Real-time Geostrophic Oceanography) Z =13,

o @4 uel ARGO B/l AT FAd FFIHES ArAFe] 1 e o

=
sttt 984 Altb(dynamic method)ell olsl slFE A o= defdd 5 U
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o HAT 300 kme AArACw Hesti ofE A el AA &
AN A Brbd ok 3000019] ARGO 717 st A HEd), o]esh w8e x5
S7kte R Erbesty WAANeA wAdE Trador APHofof d= I

gol 7]l ot "=Al ARGO =2 [I0C(=7hba] 489l <1 3]) e WMO(A]
AZVE71T) A ZEsiAl FX8ta e Ao R d AR #e 585 W
om ZePEe] 2007de] 3000019 HxE @4 F AL 1 FEE AL

o v, dEg ] F FHHe o AYS B3 sYAnE T

i

t
ok
=
o,
O,

OLr

¢

TAA AYS FHE L Jded, AddH F7]7]4 o B (medium-range weather
forecast), 1&]11 A% F2 HY-th7] 7|F¥ 3 climate change) o 5ol €83}

3 2 A& o] YelYa At (Roemmich et al, 2009).

Al ARGO Z=1d & #gste] 3'AIQl 2007-2009W &= o e = 7}o
A EEAEF R MAAT AL Jon, fEuetE ArgoAtd S AAIA o wm AR
Aok & 7]zFolth o] Aol FH=A #AlEs Bl T gAotke S "YW
g AdEs 9 Wl vk f-Eveke I0C F oAb oz o] x| 9o A ¥ o}
Yel APEC =7F=A ¢ 93 93 feudt 59 idsd s x23ds=
7|$Wsl dF58S gHEty] 98 "mA ARGO ZE9 o A=A o2 o3t g
o] Aol 713, 28al oy AR RREH A7 Eo, w7t AR
A T=Al ARGO Z=d o 7[ofdtes 7 des =3k v Aok (e <
A9, 2001). ZAF o7 FAFAA WMO % I0Cee 7193 gx71 a745HE
vh, s Fabtel 713 o] Halste] AME FXE RS HAEvted ool 49
Rz, I0Ce] =l d-&xA4 =] Fe A3 (KOC)o = ARGO Z9193]
(KAS)E sxH o= FAste] ol T4 o=® 1A "4l ARGO Z =1+ o

[o

i

97 % AR 2 ATHAL NS e MAPH AFHA
4oz qlste] wpg AWHA sl glth 53 Yol S mule] FE

A% R SRl JHARE Akt et AF PN kel whet 3ol
]_
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"FAl ARGO ZEI,olM Qe HAz AE SFeln AQN Fod
4Ee A3 B Rolx

A st Aol o] Fofe] A= HAAA SRR AlAEA ot

ool qel AA FHEe] HA te] ALNE oS L A AAHS $5
G ashy] wolch

olelgt W7 el fulam Abete] fUF FRAY| T AN ke R}
A3)(I0C)sh  AAZEIFWMO)ZE  festel A9 Argo(Array  for

Real-time Geostrophic Oceanography)Z Z18]o] 311 glom 2006 7t# A
AA di kel oF 3000t ArgoE/E Tt Alg o)t

Syt 714 Wsk= ofAjolEedt A HAEHEYG sl e wWste] v
G JzFskz] WZel s-euket 71 kel Add ol E Argo Tz
o7} Hastrh 7159 A= BE FUb AR AT Aol ofum ofe] e}
7} Zojste] Fastolof gty wA A ATte] digh w7k 7]o] glo] A A
FEA7E 2 5 gl 53], $ElvEtE I0C HaolrlmozA sof o] 9o
Ashg stofof & fX|ol] Q7] wWiEed A QAFAA AHE F= VFH
A ATl A= Folsior & ok U
A, FElle A2 A GEA A V)5 Wso] diE el ke It wkg

% ATY & YE 2R BFoRAe] S4ol dgol

O olgem AT Fort dedta R £ 23 Fa B A
AgE GH F e F2 AVIZE E Aot

A 34d dF Ma
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H2d=ade 7[s/ig &

A1 d =W ARGO A4

1. =4 ARGO A9 &3

S uEtE 10C JAolAabm oz o] A QoA ofgt APEC =7} A9
9% T sy T I sd gYs e VW
71 98 "wAl Argo TR o] AFHoR s daAe] I
A, aEa o] AF7IHo 2N E A HJACE ofo whet 2000l = 7F 2k el A]
Al Argo ZEIH O 7lojdteE I bEIAES FHE v v (S dAT
9, 2001). FAFH o R FRAFAA WMO % 10Ce+e] 71193 §x7F 275 & n)
sl Fpatyel 71 el Waste] AYgS FXEEE AEUMEY o] FHEHA
i, 10Ce] =l digxA Rl e A s(KOC)el ¢ ARGO 491 €3
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(Real-time mode)¢} A AE = (Delayed mode)2 ol &&3stal glow, ot =
Mk A AAERER Yol Argo AR E dElskal At

oA Argo EME A Filshe 7@ s ddF A 718 o

™, 20019 ~2009 ¢ A 9dzbe] f-EuEtE & 250t EAE w7 VRS
2 Fatetoint. dEadATde 1230 B FFel Ratetga, A
1270 E Bl SAeg ol Falatdnh 20083 74X &= $-2vhete] =7p 7]of#9l
AZE 30d o] HiEE GASA S, 20090l &= S Aol Al ko] ofwn
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A Joigon A4 NEEsl e G e Tz olFoAv, 4z
v}

FAHRY 2ZEJO A& AFAAAPDY G T Ay dAE AXH AAHE A
2352478 23= GDAC(Global Data Assembly Center)oll ®.al3}A t},

T o] &A Al Argo ARE AlFstr] fdte] AN AR IS
T, THIEATF LA AJE ol A A 2"HSE T T
(http://argo.kordi.re kr, http://argo.metri.rekr), =854 #ar Y skt o) 92} 2 Al €
= Argo AHAE ZA = Argo m7HARAEH S TS s AARE9)

Argo Az ¥ 3l ZgAAl o] 7wk vpE gt

2. T Argoa 9 g3 &%
Seluehs 10C Bl AFoRe] AgolA ® oh]el APEC F7h2A 9

o3k Bty Sgye £ dH sy U E3ste 7|3 =8-S FrE)

M2

7] 98 =R Argo TR o] AFH o Fold WaAJo] s FFALe 714
A, 28] oy AF7|dozEE A|7IEh ol wel 200010 = 7F xFd el A

"5 Al Argo ZRIOH o] ZlodtE A RAAEgS FHe vk ok (S daT
9, 2001). FAAoE FHUFAL WMO % I0Ce}e]

s faabiol M dH el WaAEe AYdE FRFEE AEIIES Aol FHEHS
i1, 10Ce =l dlg-Z Al g kel 93 (KOC)ol e ARGOA ] 9 3] (KAS)
& @A Ho R Pt o]F FAHORE A A ARGO ZE 1 o Fhedta

AU PE7h 8TEHE

AGFaER 7} A S Argo AFHS 20049 Ao Adem A
=

of F=aFdrd VIEAE R FHSA Hof, VATt T FAT Al
242y 718 AAAR e m st w7 ATAE AE R e £ =9 S

el M= dd7|de] A4 dx2E Foto] AAde dds F3d gl

7 Argoa 91 9 3](KAS) 9] o] A5 o] 2008d0] L HAAE FE33AH
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A2d IA sF

1. A Argo 213

el - 715 HAIE el AA T qFESe HaAdo] 1998l A A= A AL,
GODAE(the Global Ocean Data Assimilation Experiment)E T4 22 =4 ARGO
mzagel TARHAY. 209 FA7h Rolste] WAA Al Argo ENE Fal
stal glom, o5 o] §e WAT WY databases Tl itk GODAEAR]] o A

Argo E/MARE ASHoR FE3 ATAAT o] Agardon, A8Ed 3

2006374 ¢F 3000tH 9] Argo /S AAA s e Falete] AR A A
AP GRS A RS e S BRE SAARGOANS Ol FRHI o
20061 1149 @A 2638thell EFete] HxdAdol Add Fube] fle AAol

(Fig. 2-1.).

o

’

32
o

Argo Real Time Status (Latest Update: 10/11/2006 06:09 UTC) - 2638 Active Floats

Fig. 2-1. Active Argo floats as of 10 November 2006.

2007 11¥€ 20¥ 9 3,006tHe] E707F 2ol oM (Fig. 2-2.), 53] 11¥
1] 3,00001¢] 271 A=At 20089 109 1990 3,19070¢) E/H7F #s%
o] 913l (Fig. 2-3.), 2009 11€ 199 326071 /7t 2550 2 (Fig. 2-4.), A9
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r-, Argo Real Time Status  [Latest Upcdate: 181 1/2007 0554 UTC) - 3006 Active Flonts

Fig. 2-2. Active Argo floats as of 19 November 2007.

Argo Real Time Status  (Latest Update: 1911012008 06:00 UTC) - 3190 Active Floats

Fig. 2-3. Active Argo floats as of 19 October 2008.
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3260 Floats

120 180° 120°W 60°W 0

Fig. 2-4. Active Argo floats as of 1 November 2009.

2. A Argo 2FH9 Y

[] Argo AdE= E4d3E #A3x a5 HE

- YA/ A 2008 9€¥ 10-12Y /M) =1 Ao &
< Progress with Argo delayed-mode processing
- 2008 9€9 & A DMQC &3

Table of DMQC statistics compiled from numbers provided by Gilson from a mirror updated on 13
September 2008

dac name at Total profiles at Profiles < 12 Profiles > 12 D profiles at
GDAC GDAC months old months old GDAC
(awaiting
DMOQC: not yet
ready)
aoml 237694 58123 172564 110432
bodc 19125 3728 15397 4492
coriolis 67244 11073 55214 28974
csio 2018 148 1584 1860
CSITo 16688 5541 11116 8538
incois 16894 3698 13196 8720
jma 71813 13575 56412 34923
kma/kordi 7299 1637 5587 2031
meds 18978 3500 15478 12502
0
Total of above

DACS 482588 101901 370505 212472
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< Review known instrument errors and sensor failure modes

)=13nvA

- Dana Swift7} APEX Z2E29] LA d 3} e dsfe] vk

Snowflake
Thermal mass error
TBTO contamination

Salinity hook

- Megan Scanderbeg7} SOLO Z2E 2| &4 3}

Loss of vacuum

Oil leak

- Virginie Thierry7} PROVOR Z2E 9| EA 43 Ao sl

A<10] vl W

plE

Unreliability of FSI conductivity sensor (CTF series)

Collar position

< Delayed-mode qc and adjustment for PSAL

- Megan Scanderbeg”} SIO Matlab GUI®| &l =A%) A

- Taiyo Kobayashi’} JAMSTECe?] DMQCe| -

H| 15} tool 47

—L

CTD/Argo =& °]&3ate=

- Johnson¥} Swift7} CellTM 9 H Ao thst 32 review

- Annie Wong©e| WJO, BS, OW float salinity calibration tools H]il

Annie Wong presented a summary of the evolution from WJO to BS to OW in the following table.

WJIO

BS

oW

No PV constraint

Includes PV constraint

Optional PV constraint

Fixed 0 levels

Observed 0 levels

Observed 0 levels

Users need to eliminate
undesirable levels.

Chooses 8 levels.

Chooses 10 levels. Users can specify
range.

Sliding window fit. Users can
prescribe short windows to
account for abrupt changes, or
manually break up series.

Piece-wise linear fit, but
users need to manually
specify breakpoints.

Piece-wise linear fit. Breakpoints are
chosen by statistical methods. Users
can manually specify breakpoints if
they prefer.

- Annie Wonge] DMQC®] €& HAe daAd dist &

<> Regional oceanography

- Bl of el Al thatel 2

%5 Tasman Sea (John Gilson)
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western North Pacific (Tomoaki Nakamura)
Gulf of Alaska (Mathieu Ouellet)
- WA
Atlantc (Paul Robbins)
North Atlantic (Virginie Thierry)
Mediterranean (Birgit Klein)
- AEt
Indian Ocean north of 10°S (Sudheer Joseph)
Indonesian Throughflow (Esmee van Wijk)
- =l
Southern Ocean (Esmee van Wijk)
Ice float (Steve Riser)
- T3]
Mediterranean Sea (Notarstefano)
< Reference database for PSAL dmgc
- Coatanoan®] Coriolis®] Afo]E| Al o]8-o] 7}53F The centralized Argo
reference database®] &3 4
- 7= A5 A E(Reference database)dl £ Argo A& (good)E E3HsHA /vl A
sk Rl gk =9
John Gilson's rule
T2 ITS-90= AHEsH7] 2 g9
- Aol JFARAE
Nordic Sea (Hamburg)
East/Japan Sea (Korea)
< Delayed-mode qc and adjustment for PRES
- DMQC adjustments to PRES using SURFACE_PRESSURE in APEX float,
including progress report from AST pressure working group.
- Preliminary results of laboratory test on Druck pressure sensor
drift/hysteresis
< Delayed-mode qc and adjustment for TEMP

- Steve Riser7} & 2.xtof] 23] Aol A S7lstes AS HAFAS
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< Interaction with real-time qc, regional qc, and the GDACs
- Stephanie Guinehuti= satellite altimetry A}5 %5 Argo qcoll ©]&3l+= = A7)
- GDAC, real-time DAC, regional QC 7te] A3 AW n3to] #3}o] =2
<> Miscellaneous issues
- Recording delayed-mode information in the Argo netcdf files
Format of SCIENTIFIC_CALIB and HISTORY
Profiles without LATITUDE, LONGITUDE or JULD
- Argo QC Manual and Argo Data User’s Manual
- argo—dm-dm@jcommops.org email list

- Communication between AST and delayed—mode operators
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H 3 & A7l

o

8 yg 2 An

A1 4 ARGO &7 F3 3%

e FA Aol A= ARGOARY 3914 % 28t APEX %)
St (Table 3-1). o] & 25ti= &Fdfel, 3
Act. 538, Falol Fake 120)

Ll
It

= gyl =eolas e Fatat

bzl gl

rr

gE=s A

L
N

Table 3-1. Summary of APEX float deployments in 2007 ~2009

S35/
S5l Al ==z <9 1D
== Ac
2009.10.30 24°N 127.3°E APEX 4343
2009.10.30 37°N 131°E APEX 4339
2009.10.30 37°N 131°€ APEX 4340
2009.10.30 37°N 131°E APEX 4341
2009.10.30 37°N 131°E APEX 4342
2009.08.25 37°N 131°E APEX 4338
2008.10.13 |  36.007°N 130.502°E APEX 4066
2008.10.13 36°N 130.998°E APEX 4079
2008.10.13 36.5°N 130.506°E | APEX-DO(optode) 4112
2008.10.12 |  37.009°N 130.01°E APEX-DO(optode) 4113
2008.10.12 |  37.007°N 130.596°E | APEX-DO(optode) 4130
2008.10.10 37°N 131.504°E APEX 4105
2008.10.10 37°N 131.009°E | APEX-DO(optode) 4114
2008.10.09 |  37.003°N 132.003°E APEX 4106
2008.10.09 36.5°N 130.999°E APEX 4107
2008.10.09 36.5°N 131.499°E | APEX-DO(optode) 4108
2008.04.15 37°N 131°€ APEX-DO(optode) 3428
2008.04.09 59.43 57.9W APEX 3433
2008.04.08 58.23 59.3W APEX-DO(optode) 3428
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2008.04.06 57.65 60.7W APEX 3431
2007.09.10 38°30° 130°40° APEX-DO(optode) 3425
2007.09.10 38°30° 130°40° APEX-DO(optode) 3426
2007.09.10 38°30° 130°40° APEX-DO(optode) 3427
2007.09.10 38°30° 130°40° APEX-DO(optode) 3429
2007.09.10 38°30° 130°40° APEX-DO(optode) 3430
2007.09.10 38°30° 130°40° APEX 3434
2007.09.10 38°30° 130°40° APEX 3435
2007.09.10 38°30° 130°40° APEX 3436
2007.03.09 37.341°N 131.443°E APEX 3109
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Fig. 3-1. Distributed location of ARGO floats in the East

Sea
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Fig. 3-2. Time series of available profiles of ARGO float in the East Sea
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Fig. 3-3. Vertical temperature distribution between Korea Straits and Tsugaru
Straits in the East Sea in February (upper) and in August (lower)
for 200472007
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ARGO Z=279e] %7]Ql 2001+ ARGO Ax7}F EEA X5 o
W al7F AEstel mel S7ketel ARGO Ao A REste] a4

o
ol\
=
>,
oy
)

53], &5 w4 e duHoRr B A5vt EAE, vhHel 5 2 wjg
A},

_40_



0.3

[ i ] =
g E 3 E 0.45
- a = 0.4
g L E 0.35
S - .
a 3 C e azs
g tn 3 E - 0.2
g ; ] = 015
A — o
g v 3 F - 0.05
G a c.
a5 — —0.35
Ml 3 E —o1
= = 3 -
&~ o= E E —-0.15
a = -0z
o ] c —0.25
a ; 3 = —0.3
a 3 — —0.35
— & 3 = —0.4
g a § g —0.45
ol o= A = )
= = 0.5
13178 134.5% 137.38 14018
Fig. 3-4. Sea surface height between Korea Straits and Tsugaru Straits in the East Sea
(Results of Korea Ocean Prediction Syste
4 © B = = = = )
2. 3 €TEA FHY FIAA FAHE HYY 9 F 4

T3 EFEA FHY T3 FAH= Bdd oFES Argo SE Fd)

gq
A ER Y HA e o] AAY I H A H =

o= BYY oFEY A5 P @F Fd FF 5 T A A5 AL
53~236km, W= 36~178km, Hit &> 15~5lem/s E YESTH (Table
3-2). w3 I dATHY] AuEs G A KOPS Rdw 4 A3
Aol e AAES vusded Rl AU Bl dolA HAe] RFI=
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Z o 37 0] ©
oA zZFol 7k AJA| T A]FTEA QD AAY S
APEX ID : 18544
Sep.19.2002 - Mar.08,2003
agn L ' - i > ' —
= P ‘
'\.r-\‘,- /
S\
n N I
d |
38°N w‘ ‘,
Feriod ¢ 170 day
‘ hMajor axis @ 157.1 km
- Minor axis | §7.9 km |
I = |Eccentricity | 0.78
1ac°e @ JatE @ 1329 ® 133%
APEX ID : 23734
Jul.24,2006 ~ Dec.31,2006
1 1 1 ] 1
— \
el Period : 160 day [
Malor axis | 1226 km ‘
Minor axis 1 77.9 km
Eccentricity + 0,77
30~ ‘.‘
15 -
S
7
g = ——— -
ag'N //
i
45-—" ,‘ -
/
wd /
T I L 1 1 r
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APEX ID : 42555

Nov.02,2005 ~ Mar.12,2006

Periad 1 130 day
Wajor axis i 130.2 km
Minor axis ¢ 77,5 km
Eccentricity | 0,80

i i
) 135°E
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APEX ID : 23210
Now.05,2005 - Apr.19,2007
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28N 1 L o i i — —_—t
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Minor axis : 115,7 km | /7 .
o Eccentiicity | 0,63 =

20l o> ‘_
38N ‘-
m‘—?\\ |—
L\ . P v
Ls b T 1 T 1 1 1
™ 130°E 2 191 x 13298 5
APEX ID : 23219
Jul.31,2007 ~ Nov.28,2007
38N S| — S L
==
y
e o 4
\ P
4= — ‘-
20 .‘_
38°N ‘~
Period 1 120 day
ag- Major axis | 956 km

hinor axis @ 84.0 km ‘

. . '/O,/ Eccentricity 1 0,49

i B i ay T 4 & 1
130°E 131°E 132°E 133°E
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Eddies Major Axis | Minor Axis .Mean Mean Speed Obse.rved Calcu.lated
(27) (km) (km) Diameter (cmisec) Period Period
(km) (day) (day)
Rairige 236 178 186 5.1 540 432
~53 ~36 ~47 ~1.5 ~50 ~64
Average 119 81 98 2.6 146 160
STDEV 48 37 41 0.8 114 96

Table 3-2. Statistics of eddies near Ulleung basin
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Fig. 3-11. Conceptual diagram of project performance
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Table 3-3. Status of Korean Argo delayed mode quality control as of October

2008
£ otoll DAC |3 Z=2Itg (e T2 |DMQC 2= | Hl1
KMA 3241 2919 690
= of KORDI 1931 1355 0
2 A 5172 4274 690
EH & 2F KMA 4213 3610 2039
= = ol KORDI 1379 1083 0
=z Al 10764 8967 2729

3 Argo AR E 7|FHo]EHH o]~ EJSHBE ¥33F WJO = 2 13 (Weighted least
squares fit)oll fJ=ste] BAXE FshAl €t o] WJO == Ao sk

NG A AR AFS TFdhe] Axe FAYES AMFTHES 2).

W Figure 1 Az900170 mEEE Joks
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Fig. 3-16. Visual inspection of temperature (a) salinity (b) versus pressure using

a graphic tool
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Atk ol# g #AE ol&ste] WJO =19

gl A 507) 2o W dRe ZREV B3 A oA JAAERE FA
g 7lEdelH Mol 225 it Fe e AARE Ay EJSHBE ©]
sttt 7l olHHol 2= AR E MEetr] fdte] F 7 AR FAEH
Objective Mapping 7I'H-& A -&3t3ich A WA @A 2 129 3 F7]1F(Ocean
climate)#Ql #AE sl on, + WA dA= FAos 2 FRE A 9%
ol ¢3¢ k7] Al7H(Ventilation time)= A Ledtadth. o] HANA ZRE}
#23 IS FHog JFuolyHuo)~zRE 30071¢] EE Ae sttt Table
3-4¢} Fig .3-179] &3l Argo Al AIdR= FZAAYE fste AAH3 WJO &2

g Mol 2 ATE A A BT

Table 3-4. Parameters used in WJO program applied to the East Sea

Parameter Values

mapscale_longitude_large 8°

Large spatial scale
mapscale_latitude_large 4°
mapscale_longitude_small 4°

Small spatial scale
mapscale_latitude_small 2°
Maximum of data selected 300
Number of profiles for the least square fit 18

30.0, 20.0, 10.0, 8.0, 6.0, 4.0, 2.0,
1.5, 1.2, 1.0, 0.95, 0.9, 0.85, 0.8,
0.75, 0.7, 0.65. 0.6, 0.58, 0.54,
0.52. 0.51, 0.5, 0.49, 0.48, 0.47,
0.46, 0.45, 0.44, 0.43, 0.42, 0.41,
0.40, 0.39, 0.38, 0.37, 0.36, 0.35,
0.34, 0.32, 0.30, 0.28, 0.26, 0.20,
0.10, 0.05, 0.00

Potential temperature level(C)
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R2900170 salinities with error on 6=0.6'C (smallest S variance)

341
R2900170 profile locations with historical data g5408
T T 7 ! § . —
b T 34.06- w*w*—ﬁlﬁu“"’; =
55 Y o ( >
P4 B 3 LA 5
= L I/r ? 34.04
s0b e f \ ]
5 J 1A P —+— uncal float
3 34.02- mapped salinity
cal float wierr.
45+ 0 5 10 15 20 25 30 35 40 45 50
float profile number
40+
2 R2900170 salinities with error on 6=0.7°C (smallest mapping error)
S
i
S5 34.1
301 - 4 @408
A . ]
/ . @ s - T
il g float L3000 Tooerrte S
25 A e +  historical points s
& / s
"
e S v @ 3404
20 { . T +— uncal float
~ 34.02- ——— mapped salinity
P cal float werr.

I | | )
100 1o 120 130 140 150 160 0 5 10

. , ,
15 20 25 30 35 40 45 50
Longitude

float profile number

Fig. 3-17. Output figures of WJO software applied to Argo profiles in the East
Sea using EJSHB(East/Japan Sea HydroBase)
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(Fig.3-18)
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Fig. 3-18. Levels of potential temperature used in WJO program (a) and OW

program (b)
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R2900515 verically-averaged salinity (PSS-78) additive correction A S with errors
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Fig. 3-19. Salinity correction suggested by WJO program (pink) and OW

program (blue)

7lZdol g o] A~ zpE o] o] WSFE  Hit

r2

- )

A% A7t FolHER AF7HA g HEhe
FAZAE(JODC) = HE F7h2 2EE 278719 CTD Aws
17319 o (Table 3-5 and Fig.3-20).

Table 3-5. Collected CTD profiles

NFRDI ONR WOD 2005 JODC Al

JNE UE 2017 285 278 1247 3827
=t 2 278 278
Al 2017 285 278 1525 4105
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Fig. 3-20. Positions of added (filled circle) and existing (open circle) CTD
profiles in EJSHB (East/Japan Sea HydroBase)
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Fig. 3-21. Default settings of potential
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Fig. 3-23. Webpage for Korean Argo DMQC (http://argo.nfrdi.re.kr). Introduction
(a), Data management for DMQC (b), PI evaluation (c) and Delayed
mode data (d)
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4. 53 A IR =48 Reference Database R 7

= A Argo AmR#E1Fo] ZFoE AEH3} WJO Z 2132 Reference
Database(RD)Z %€ Argo T =23 o A5 S A¥sto] Argo T3S H

Asttr, WA RDAA RASIASE Argo S2EQ] A9 7M7he A& E 3007

Aeste] 1 e 3 dE2 #AA(climatology) S FAH3 g, 715 & AA W
W (Weighted least squares method)S ©]83t9] Argo T2 E7V}
55 94 AFE s G HARFE 9 A5E EAST 47 2 2
A= £0.012 22 gholojof st m WA AP Eol7] fsiM T FREC]
TEads AHH 0w ol &3t

g ge RDe & JAMSTECHA Algstal &  SeHyD(Selected
Hydrographic Dataset)E &-83to] X|dRe FA@AEE Fdst ot 28y A
Al Falel A WJO ZEa#HoA AFstE RD7F §lom, Fig.3-243 2o

F4400melH BAE R Qo] 77 1T, 3lolAw AR FRAAL |

Ads ¥e F hFig.3-25). wekA ssve] RD7F st RDY 4ol ®e
FH CTD A7 B&4E xdre A0 Ayrp Eolx 2R X F7HA
SdHst A5E Ed2 dEASFAEAE(JODC)F World Ocean Database 2005% -
CTD A5 = ¢ gHsto] s3] RDE WAt AtHTable 3-6).

T
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Plate 3 Temperature (°C) at 400 meters
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Plate 9 Salinity (%) at 400 meters

Fig. 3-24. Horizontal distributions of temperature and salinity at the depth of

400m in the Northwest Pacific (Winterfeld and Stommel, 1972)
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Fig. 3-26. T-S diagram for all collected CTD profiles

olo] Tsto] Fale] AFeo kA F3 54 ol&ste] RDY AsE
AZeA Bl 59 41° ol > 10T, > 3439 drtdFarr 258 F=
2FA) skl Qlal, 1-5T, 34.06 =2 34.07 W9l2] Intermediate water”’} ¢l th(Table
3-6). 183 4T, AFT, AFTY 22> 06T olst 34.067-34.070 ¥ 3}7} o=
& b =AeaL vk olef gk kAl sy EAHE o] &3}
of F71H o2 RDE #3538 53] Park and Kim(2007)2 &3 & 4712 4
T4 800me] Hw ¥ ZFHAE A A =Ul(Fig.3-27), ol& o|&3ste] 2 13 &
o] 7 FidE=E Hitol] diste] xFHAE 7 wiste]l tieta W gre] Hojgka
2gs FHASY o R AAATH(A 2). Fig3-282 FHEHES ol &d A%

(WMQC)E A&3t7] AF9 F&-di Zxelth H242 WMQCS +7Hs e}
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War o, of kel shuhe] grolelx Hlojuw HA CTD Z=3dS A8k
U}, Fig.3-292 HFAH o2 #FS 5338 1254719 CTD ZT=ude] §1x9} 4=
AT EXE YEW Aoz 20079 11€ A8 =-A4] Argo AR EH 3| oA &
d] RD<S! East/Japan Sea HydroBase(EJSHB)E T3S T RSFATH(FZ D).

Min[Mean; = 2 x STDili-14, Max[Mean; + 2 x STDilisjg ———————————-—~ (1)

T < 06T and 34.061 < S < 34074 ——————==————————————mmm 2)

Table 3-6. Definition of water masses in the East Sea(Kim et al, 2004)

Water mass Potential Salinity (psu) Dissolwved Remarks

temperature (°C) oxygen (pmold)
Tsushima Warm Water =10 =343 Primarily south of 417N
East Sea Intermediate Water 1-5 < 34.06 =250 western Japan Basin, Ulleung Basin
High Salimity Intermediate Water 1-5 =34.07 =250 Eastern Japan Basin
East Sea Central Water 0.12-0.6 =34.067 Deeper limit at 1500 dbar (DS M)
East Sea Deep Water <0.12 34.067-34.070 Upper limit at 1500 dbar (DSM)
East Sea Bottom Water <0073 34.070 Homaogeneous mixed layer
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CREAMS CTD
' 1893/07~1989/03

Salinity@800m

130°E 135°E 140°E

Fig. 3-27. Means and their standard deviations at 800 m which was calculated

from CREASM CTD data in each sector(Park and Kim, 2007)
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A 5 & Argo E/MAE F&ATF

1. g ye H7E B89 A5 o ¢ BN A

T Exo AETA ol B ¥

o
o
Zad A4 Azolth Argo AHRE

e AAIES "oz e ddS LA Ha, AF7IZre] Wi AW £
o] 990 AgtHLl BE ol EU|EE Hy|Ee EHe o] HHFHoZ A

SUS=

ArgodtRE ol &dte] T al e s AFrIte A f&, 717 S
A5 FHst= SUE ARHolzdd A ®ASta, ZHzte] SIS AHom EAEA
o} ArgoAtsn & YAAE S AIZAEE ol &3ttt g T AR
Fol7h T el S0l ARH £ v o w yrtr] AzkA e Algke
2 AsArh &9 AF F4deol oF 700 m o] 700m FAYGS dxI &
&l o] A4 (deep water) Y iAW <13 49 (benthic boundary layer)o] A= o] ¢}

0E 4+ A

Y
rlo

flo

salyal g 7 AFIS A Al7]el wEk thE7]= sk A2 69+46Y
o]t} (Table 3-7). s+ AR AMEoAH TZFog F7] sjdoz AYs}t 5
| A= T A AMFOR olFdts AR A4S HAFAT (Fig.3-30.). wh

ARG R Al AE dE

ofo
BN
>
ol
o,
o
1
o
et
N
9
ftlo
pou
lo
fr
>
Al
it}
)
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Float ID

Entering Date

Leaving Date

Residing Days

2900202 2001-12-13 2002-02-22 71
10

2900209 2003-01-30 2003-06-29 150
2900225 2003-05-30 2003-09-17 110
2900445 2005-01-19 2005-07-08 170
2900453 2004-10-18 2004-11-07 20
2004-05-06 2004-05-26 20

2007-06-15 2007-07-25 40

2007-12-02 2008-01-31 60

2008-06-19 2008-07-19 30

2900604 2007-09-10 2007-10-20 40
2006-12-24 2007-02-02 40

2900612 2006-08-26 2006-11-14 80
2007-08-21 2007-11-09 80

2900788 2006-09-18 2006-11-06 49
2007-01-26 2007-06-05 130

2900792 2007-03-19 2007-06-17 90
2900795 2007-10-03 2007-12-02 60

Table 3-7. Residential days in the oceanic dumping site
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ID 2900788

Fig. 3-30. Korea oceanic dumping site with trajectory of Argo float
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A&7k 578 wiwtelw EHehA] FEE sy FATREE T AR FAd
e S REE F08 F 9lor R (Fig3-3lc) oA Fato] F20k59 o]
S & F Ak ARSAE AEelA ARTE = AFE A9E 4+ o, dEd
F&ol 2E D9 EHE A FAIske] Favh H=s shglvh e AR
A A A= A aEste] Ao 2dHY, A A8E H2E I
dz grsrt ZbestEs JhEsidtt

o AR U R (R )

Deptm)

Fiidigisasy .

iz A1 32 20050108 - 200E-11-15
dt = |

__

(a) (b)

BORARIEREY B RN DRUYR{SIER)

(c)

Fig. 3-31. Horizontal temperature distribution (a), vertical temperature

distribution (b), and vertical profile (c) in the Tropical Pacific from

Real-time ocean condition information system
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ABSTRACT. In only 10 years, the Argo Program has grown from an idea into a

functioning global observing system for the subsurface ocean. More than 3000 Argo

floats now cover the world ocean. With these instruments operating on 10-day cycles,

the array provides 9000 temperature/salinity/depth profiles every month that are

quickly available via the Global Telecommunications System and the Internet. Argo

is recognized as a major advance for oceanography, and a success for Argo’s parent

programs, the Global Ocean Data Assimilation Experiment and Climate Variability
and Predictability, and for the Global Earth Observation System of Systems. The

value of Argo data in ocean data assimilation (ODA) and other applications is being

demonstrated, and will grow as the data set is extended in time and as experience

in using the data set leads to new applications. The spatial coverage and quality of

the Argo data set are improving, with consideration being given to sampling under

seasonal ice at higher latitudes, in additional marginal seas, and to greater depths.

Argo data products of value in ODA modeling are under development, and Argo

data are being tested to confirm their consistency with related satellite and in situ

data. Maintenance of the Argo Program for the next decade and longer is needed

for a broad range of climate and oceanographic research and for many operational

applications in ocean state estimation and prediction.

INTRODUCTION
Data assimilating models of the histor-
ical ocean for the period 1950-2000 are
limited to using subsurface data sets that
were “opportunistic” in nature rather
than purposefully designed for regular
global coverage, and are consequently
deficient in some respects. The historical
data were collected mostly for regional
objectives and were restricted to the
tracks of research vessels and commer-
cial ships. These limitations ensured
sparseness and inhomogeneity in spatial
and temporal data distribution, even in
the relatively well-sampled Northern
Hemisphere oceans. Few measurements
were collected south of 30°S. In addition
to sparseness, the historical data are of
uneven quality, with a mixture of instru-
ment types and problems due to system-
atic errors (e.g., Wijffels et al., 2008).
The Argo Program presents a unique
opportunity to correct many of these

shortcomings in order to obtain more

continuous, consistent, and accurate
sampling of the present-day and future
states of the ocean. Profiling float
technology removes the constraint

of needing to have a ship present at
the time of measurement, making it
possible to obtain high-quality data
anywhere at any time. Argo is designed
to observe large-scale (seasonal and
longer, thousand kilometer and larger)
subsurface ocean variability globally
(Roemmich et al., 1999). The combi-
nation of the array’s high-quality
temperature and salinity sensors and
its comprehensive data management
system produces climate-quality data,
with new techniques being developed
to identify and minimize systematic
errors. With the global array providing
9000 temperature/salinity profiles per
month (Figure 1), Argo has far surpassed
its historical precursors in data
coverage and accuracy.

Here, we summarize plans for

enhancing Argo’s value in the coming
years, with attention to ocean data
assimilation (ODA) applications. The
next section describes plans that include
improvements to data coverage and

to data quality, followed by a section
describing gridded Argo data prod-
ucts, how they differ from historical
counterparts, and their effectiveness

in resolving large-scale variability for
comparison and evaluation of ODA
models. The final section addresses

the need to examine the consistency of
Argo and in situ and satellite-derived
surface data sets. Consistency is a key
issue for integrating global observations
through ODA models.

THE EVOLUTION OF ARGO

New Argo Domains, Sensors,

and Sampling Enhancements

Argo is a broad-scale array designed

to accumulate about 100 profiles per
season in every 10° square of ocean. The
array is not eddy-resolving, but eddy
noise is reduced by averaging over many
profiles in a region to estimate large-
scale variability. The design was based
on statistics from satellite altimetric
height and from earlier subsurface ocean
data sets (Roemmich et al., 1999). The
prescribed 3° x 3° x 10-day spacing of the
array between 60°S and 60°N decreases
the distance between instruments with
increasing latitude, but not as steeply as
the statistics of variability indicate to be
appropriate (e.g., Stammer, 1997). The
present design is a compromise made
for accurate mapping of tropical climate
variability (see section below on “The
Argo-Era Global Ocean”) while taking a
more exploratory approach to the high-
latitude ocean. Using five years of global
Argo data accumulated from 2004-2008,
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and simultaneous altimetric height data,
the Argo design is being revisited. An
important question is whether interan-
nual variability at middle and high lati-
tudes is being resolved adequately. Argo
should be sustained in order to increase
the value of its present five-year global
time series, but it can evolve for greater
efficiency and effectiveness.

Beyond the design of the Argo
array, recent developments in profiling
float technology create opportunities
for extending Argo’s core objectives
(Roemmich et al., 2009). Some floats
are now active in the seasonally ice-
covered zones poleward of 60°. What
should be Argo’s sampling plan for the
high-latitude ocean, and how many

additional floats are needed there? Glider

technology (Davis et al., 2002) makes
systematic sampling of ocean boundary
currents a possibility. What are the
global requirements for high-resolution
sampling in the boundary currents

and marginal seas, to complement the
broad-scale Argo array? New sensors for
biological and geochemical parameters,
for wind and rainfall, and for better
sampling of temperature and salinity
structure in the ocean’s surface layer
could all increase Argo’s value, but also
its cost. The addition of oxygen sensors
to Argo floats holds high promise for
addressing global carbon cycle issues
(Riser and Johnson, 2008), and over

100 Argo floats are presently equipped

with oxygen sensors. Prototype floats
carrying many other new sensors have
been deployed. Present float designs are
not capable of operating below 2000 m,
but such measurements may be required
because decadal climate signals are
known to extend into the deepest layers.
Deep sampling will require develop-
mental work on both floats and sensors.
Careful planning is needed to determine
effective strategies for deployment of any

extensions to the Argo array.

Improving Argo Implementation
Evolving the Argo Program not only
means reviewing its design and objec-
tives, but also improving its imple-

mentation with respect to the original
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Figure 1. (Top) Map of the number of good Argo profiles obtained in each 1° x 1° box during the period
January 2004 to March 2009. (Bottom) Number of floats per month (red) providing good data and number of

good profiles per month (green).
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objectives. Although more than half of
active Argo floats are presently south of
the equator, the Southern Hemisphere
is under-sampled relative to the original
program design (Figure 2). Indeed, over
the Southern Hemisphere, the present
Argo array is more than 500 floats short
of its designed number. This shortfall

in the number of floats, in spite of Argo
having achieved 3000 active instruments,
is due to a combination of factors. Many
floats are deployed in marginal seas or
poleward of 60°, and although these

are of value, they were not considered
in Argo’s original design. Other instru-
ments are not producing good profile
data due to technical failures, which is
being corrected through deployment

of improved instruments. The coverage
shortfall requires increased attention

to Southern Hemisphere deployments
by Argo national programs. Occasional
ship visits to the remote regions of the
ocean are essential for maintaining
Argo. Although Argo is producing more
profile data south of 30°S during a single
austral winter than were produced in
the entire pre-Argo history of oceanog-
raphy (Figure 3), the program is not yet
achieving its ambitious sampling objec-
tive there (Figure 2).

Another key objective in Argo
implementation is to minimize system-
atic errors in the data stream (see
also Le Traon et al., 2009). Two such
systematic errors in Argo data have been
identified and to a large extent corrected.
First, over a period of years, slow drift
in conductivity measurements occurs
in some floats, due to biofouling or
other causes. This drift can be corrected
through careful statistical comparison
of sequences of float salinity values to

nearby high-quality profiles (Wong et al.,

1
u Active floats

m‘ 'III T .m-mg“-l
&S fﬁf

Figure 2. Blue bars show the number of Argo floats per 10° of latitude providing good
profile data as of March 2009, excluding those in marginal seas. Red bars show Argo’s design
requirement for 3° x 3° open ocean sampling.

2003), which might consist of either Second, pressure offsets have been
shipboard conductivity-temperature-

depth (CTD) data or nearby float data.

identified in some floats (e.g., Willis
et al., 2007; Uchida and Imawaki, 2008),
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resulting from pressure sensor drift

and from errors in float software. Such
systematic errors, some of which were
not anticipated, highlight the need for
rapid identification and prompt correc-
tion of hardware errors or software flaws.
A promising technique for detecting
systematic errors is comparison of
satellite altimetric height with Argo
steric height from sequences of profiles
and flagging large differences for more
careful examination (Guinehut et al.,
2009). Another technique is the use of
climatological data for flagging statistical
outlier profiles and instruments, a capa-
bility that is being improved (Gaillard

et al,, 2009) as Argo-era data supplement
earlier data sets with more appropriate
mean and variability statistics.

Because few Argo floats can be recov-
ered for sensor recalibration, the final
quality of Argo data will depend on the
existence and availability of high-quality
shipboard CTD data. Shipboard CTD
transects are useful not only to detect
systematic errors in Argo float data but
also in joint analyses with Argo data

for better description of interannual to

35°5
45°5
55°5 .25

65°5 i

75°S

0° 100°E

multidecadal signals in the ocean. For
example, recent work of Argo Steering
Team member Pedro Vélez-Belchi and
colleagues compares Argo data in the
North Atlantic with nearby CTD data
collected by the UK’s 2001-2007 Rapid
Climate Change program, showing
similar multidecadal changes in these
data sets relative to earlier transects
along 24.5°N.

The Argo array is not yet “complete”
with respect to its original design and
objectives. The highest priority for
Argo’s international partnership is to
implement further improvements in
data coverage and quality to meet these
requirements. At the same time as
the Argo Program is being improved
and maintained for its original goals,
extensions to the array should be
introduced carefully to increase Argo’s

long-term value.

THE ARGO-ERA GLOBAL OCEAN
Argo and Historical Data Sets
A key step in demonstrating the value

of Argo is to show how well it repre-

sents the present-day ocean, including

mean, annual-cycle, and large-scale
variability. In modeling applications,
data climatologies are used as initial
states for predictive models, or as mean
states with known variance, to limit
unrealistic model variability and trends.
Climatologies based on Argo data are
more realistic representations of the
modern ocean than historical data
climatologies for several reasons. First,
the ocean has changed substantially

in the past several decades, becoming
warmer overall (e.g., Domingues et al.,
2008; Levitus et al., 2005, 2009), and
exhibiting significant regional changes
in temperature/salinity characteristics
(Wong et al., 1999; Curry et al., 2003;
Boyer et al.,, 2005). Second, the Argo-era
ocean is better sampled than the histor-
ical ocean, especially in the Southern
Hemisphere (Figure 3), leading to lower
estimation errors. For the first time, it is
possible to construct mean temperature
and salinity fields for the ocean over

a specific time period. Historical data
climatologies are created by blending
regional data collections from different

eras and, as a consequence, the end

I i)
160°E

60°W

Figure 3. Location of all 4,093 temperature/salinity stations to depths of at least 1000 m during austral winter (July/August/September), south of 30°S
from 1950-2000 (red dots; source: World Ocean Database), compared to 6,291 Argo station locations (black dots) from July/August/September 2008.
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products are weighted toward different
years in different regions. The sparseness
of historical data and their spatial and
temporal inhomogeneity make it difficult
to assign error bounds to these clima-
tologies (e.g., Roemmich and Sutton,
1998). Finally, care taken to minimize
systematic errors in the Argo data set
leads to Argo-only climatologies that are
not contaminated by mixing of different
instrument types.

Figure 4 shows an example of the
differences between Argo (Roemmich
and Gilson, 2009) and the World Ocean
Atlas 2001 (WOADO1) historical data
climatology (Conkright et al., 2002).
The figure shows mean steric height
from Argo, 0/2000 dbar, averaged over
the period 2004-2008, during which
the Argo array had global coverage. The
difference between this Argo-era mean
and WOAOI, which is based on data
collected over more than 50 years, is
especially notable south of 30°S. There,
the zonal mean difference is 5 dyn cm
between 40° and 50°S, and differences
are 10 dyn cm or more in some areas.
Main causes of the Argo-minus-WOAO01

0°

40°S

60°E

differences are decadal change and
mapping errors due to sparseness in the
historical data set. For modeling the
present-day ocean, Argo climatologies
will replace the historical data products
to provide initialization and background
states that are consistent with the

era that is represented.

Effectiveness of Argo Sampling
The effectiveness of Argo in resolving
large-scale ocean variability can be
tested in a variety of ways (Roemmich
and Gilson, 2009), including statistical
measures that complement model-based
Observing System Evaluation activities
(Oke et al., 2009). One estimate uses
satellite altimetric height as a proxy for
steric height. On large spatial scales,
steric height and total sea surface height
are very similar. By subsampling altim-
etric height fields at the locations of Argo
profiles, interpolating the subsampled
data, and then comparing to the full
altimetric height data set, both the large-
scale signal and noise of Argo steric

height fields can be estimated. Sampling

experiments have been carried out to test

180°

the impact of Argo’s increasing coverage
between 2004 and 2007, and to test
its ability to resolve signals of varying
spatial and temporal scales.

One such experiment is illustrated
in Figure 5. Here, the goal is to esti-
mate Argo’s ability to detect large-scale
variability over 15 years of sustained
sampling by assuming that Argo’s
spatial coverage in the year 2007 is
maintained. The 15-year gridded altim-
etric height record (Ducet et al., 2000)
from 1993-2007 is subsampled each
year at the location and year-day of the
2007 Argo data set. The subsampled
anomalies from the 15-year mean and
annual cycle are objectively interpolated,
and then both full and subsampled
anomaly grids are smoothed with a
10° x 10° x 3-month running mean. After
smoothing, the temporal RMS signal is
estimated from the full data set, and the
RMS noise is estimated from the full-
minus-subsampled differences. Figure 5
shows the zonal means of the RMS
signal and the RMS noise. As expected,
the signal-to-noise ratio is highest in

the tropics due to enhanced signal and

-I - -
T

~———
” - ]
g
~ T
t

60°W

Figure 4. Contours indicate the steric height of the sea surface from Argo data, 0/2000 dbar (dyn cm), 2004-2008 mean. Color shading indicates
the difference in steric height, Argo-minus-WOAO1 (World Ocean Atlas 2001).

Oceanography September 2009 51



6.0

5.0

4.0

3.0

RMS (cm)

2.0

0.0 T T 1
60°S 40°S 20°S 0°

\
20°N

1 \
40°N 60°N

Figure 5. Zonally averaged large-scale (10° x 10° x 3-month) nonseasonal sea

surface height signal (blue) and Argo sampling noise (red) for 15 years of
sustained Argo sampling at the 2007 level, estimated from satellite altimetry

(see text). The black line shows how the apparent signal is reduced in a
shorter (four-year) record. Results adapted from Roemmich and Gilson (2009)

reduced noise. Figure 5 also illustrates
how large-scale variability grows with the
duration of the data set as a longer-term
mean is estimated and removed and
decadal variability starts to be observed.
This method is one of several being used
to assess Argo’s errors and its effective-
ness (Roemmich and Gilson, 2009),
including mapping and comparison

of Argo subsets, comparison to other
observing system elements, and formal
optimal interpolation error estimates.

In addition to the interpolated Argo-
only data set (Roemmich and Gilson,
2009) used in Figure 4 for purposes of
illustration, groups around the world are
developing similar products. To promote
their dissemination and usefulness, the
Argo Steering Team is identifying global
Argo analyses that are available for

distribution (http://www.argo.ucsd.edu/
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AcGridded_data.html). There is much
to be gained from comparing techniques
and results of different analyses as

well as from developing products for
different applications. It is essential to
provide ODA applications not only with
accurate data sets and best estimates of
the error. While ODA models continue
to develop, it is also critical to provide
individual data sets that are extensive
enough for statistical interpolation, to
compare with multi-data-set model
results and with data-withholding

model experiments.

ARGO AND OCEAN

SURFACE DATA SETS

Argo is the dominant subsurface data
set for the present-day ocean, but ODA
models assimilate sea surface data sets

as well, including sea surface height, sea

surface temperature, and air-sea fluxes
of heat, water, and momentum. It is
important to examine the consistency of
these data sets with Argo and with one
another where they have complementary
or overlapping information content. The
ODA models allow for random data
errors, but problems may arise when
systematic errors create inconsistencies

between data types.

Sea Surface Temperature

Sea surface temperature (SST) is esti-
mated from satellite measurements,
using sparse ocean surface drifters

(at ~ 1-m depth) and other in situ

SST measurements for bias correc-
tion (e.g., Reynolds et al., 2002). Argo
profiles, which collect their shallowest
data at around 5 m, are not used in most
SST products at present. Questions
include the magnitude of stratifica-
tion between the depth of drifter SST
measurements and the shallowest Argo
data and whether Argo floats, which
are more plentiful than surface drifters,
are useful for SST estimation. Similarly,
Argo’s potential usefulness in combi-
nation with a scheduled sea surface
salinity satellite mission is of interest.
To investigate the issue, the surface
drifter and Argo data sets were searched
to identify nearby pairs of measure-
ments. There were 21,100 Argo profile/
drifter data pairs located within 60-km
“scaled-distance” of one another during
the period 2004-2008. Here, “scaled-
distance” includes a time difference
term, with 1 day equivalent to 10 km.
Figure 6 shows the means and stan-
dard deviations of Argo-minus-drifter
temperature as a function of distance,
sorted into 5-km bins. The number

of nearby pairs increases from 214 in



the 0-5 km bin to 2,987 pairs in the
55-60 km bin. The mean differences are
small, 0.02°C and less, and not statisti-
cally significant. Significant stratification
was found between the 1-m and 5-m
measurements only in a small subset of
low-wind daytime conditions, so Argo
data are a good approximation of bulk
SST at most times. The comparison
(Figure 6) suggests that Argo data

may be valuable for SST estimation

on a global basis.

Sea Surface Height
The relationship of satellite-derived sea
surface height (SSH) and steric height
variability is central to Argo. A global
study of SSH and steric height variations
during 1993-2003 (Guinehut et al., 2006)
revealed high correlation between the
two with some systematic differences
due to barotropic ocean forcing. The
consistency of global SSH variability in
2003-2007 with the component changes
in Argo steric height and ocean mass
(from the Gravity Recovery And Climate
Experiment [GRACE] satellite mission)
has been examined by Willis et al. (2008),
Cazenave et al. (2009), and Leuliette and
Miller (2009). Although the annual cycle
in globally averaged SSH was consistent
with the sum of steric and mass-related
components, differing conclusions were
reached regarding the four-year increase
in SSH (by about 12 mm) in relation
to its components. A longer time series
is needed to be more definitive. These
and other examples illustrate the strong
need to close the ocean’s mass and heat
budgets with careful measurements
of all components over an extended
period of time.

As an example of the close relation-

ship between SSH and steric height,

Figure 7 shows the zonally averaged
annual cycle of both quantities, using
Archiving, Validation, and Interpretation
of Satellite Oceanographic data (Aviso)
SSH (Ducet et al., 2000) and steric height
from Roemmich and Gilson (2009). In
spite of the high similarity in the annual
variations of SSH and steric height, there
are also significant differences between
them, for example, in the amplitudes

at about 10°N and 35°S. A good test

for ODA models is to see whether they
reproduce the annual cycles in data sets
with overlapping information content
and can successfully rationalize differ-

ences such as those seen in Figure 7.

Air-Sea Fluxes

Air-sea exchanges of heat and fresh-
water on seasonal time scales are nearly
balanced by oceanic storage (Gill and

Niiler, 1973), with seasonal advection

being a small residual term in ocean
interiors. Roemmich and Gilson (2009)
found good agreement seasonally, on
hemispheric and global scales, between
the Southampton Oceanography Centre/
National Oceanography Centre historical
data climatology of air-sea fluxes (Josey
et al., 1998) and Argo-derived ocean heat
storage. Regionally, maximum seasonal
amplitudes in heat storage at 40°N and
35°S exceeded the amplitudes of air-sea
flux by about 25 W m?, possibly due

to seasonal displacement of the zonal
oceanic boundary current fronts at those
latitudes. Comparison of air-sea fluxes
of freshwater with oceanic freshwater
storage is more problematic. Patterns

of freshwater storage are spatially more
complex than heat storage, and esti-
mates of evaporation and precipitation
are subject to large errors. A challenge

for ODA models is to exploit Argo’s

Standard Deviation
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Figure 6. Argo-minus-surface-drifter mean and standard deviation of tempera-
ture difference (°C) as a function of “scaled distance” (see text), in 5-km bins, for

21,100 nearby pairs of observations.
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global measurements of salinity for

improved estimation of variability in the

hydrological cycle.

DISCUSSION

A key goal of the Argo Program is to
provide a global data set of value for
assimilation by ODA models that is also
extensive enough to enable evaluation
of the results of those models. The Argo
array now includes about 3000 instru-
ments providing 9000 globally distrib-
uted temperature and salinity profiles
monthly from the sea surface to mid-
ocean depth. Five years of Argo data,
including 400,000 profiles, have been

collected since sparse global coverage was

achieved in early 2004, comprising stable

estimates of the mean and annual cycle

for this period. All data are freely avail-

able, with about 90% of profiles accessible

at two Global Data Assembly Centers

within 24 hours of float surfacing. Argo’s

ground-breaking open access data policy
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Figure 7. The annual cycle
of zonally averaged steric
height (0/2000 dbar) from
Argo data (left panel),
2004-2007, is compared to
L that from altimetric height

(right panel, Aviso product)
L from the same period.

is central to the value of the program and

to building its international partnership.
The Argo data set has been used to tackle
a wide variety of basic research problems,
and data quality exceeds original expecta-
tions. The Argo Program has made rapid
progress in the decade since its planning
began. Further increases in float numbers
and improved coverage in the Southern
Hemisphere, better ability to identify and
correct systematic errors, and greater
uniformity in production and release

of delayed-mode data are all required

to achieve the core objectives of the
program. The broad Argo user commu-
nity is needed to demonstrate the high
value of the array, and the international
Argo partnership must prove its ability

to maintain the array for a decade and
beyond. A caution is that the provision of
highest-quality Argo data is a continuing
process, and users should ensure the data
set is appropriate for their applications.

As the Argo era of quasi-uniform,

high-quality global sampling
lengthens, it is important to review and
improve Argo’s design and objectives.
Low-latitude interannual variability is
well resolved in the present data set,
while additional floats are needed at
southern latitudes. Continuing advances
in profiling float, ocean glider, and
sensor capabilities raise new challenges
for expansion of Argo’s activities. Deeper
profiling and sampling of seasonal ice
zones, marginal seas, and boundary
currents could all extend Argo’s limits.
Inclusion of new sensors could add
important geochemical and biological
dimensions. Operational control of the
Argo array using two-way communica-
tion systems to change profile depth,
cycle rate, and other mission param-
eters could increase Argo’s value in
many applications (Gary Brassington,
Australian Bureau of Meteorology
Research Centre, pers. comm., 2009).

In each case, for new objectives,



energy and other added costs need to
be weighed against the benefits, and
new resources are needed to cover any
new costs. An important challenge for
Argo is to expand its constituency by
demonstrating the value of the data

set in a growing number of applica-
tions while maintaining the high data
quality and spatial coverage needed for

Argo’s core objectives.
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Variability of Surface Chlorophyll Concentration
in the Northwest Pacific Ocean

Jisoo Park!, Moon-Sik Suk?, Suk Yoon®, and Sinjae Yoo

"Marine Living Resources Research Department, KORDI
2Climate Change & Coastal Disaster Research Department, KORDI

30cean Satellite Remote Sensing & Observation Technology Research Department,

KORDI, Ansan PO Box 29, Seoul 425-600, Korea

Abstract : We collected information on seasonal and interannual variability of surface chlorophyll a
concentration between 1997-2007 from the Northwest Pacific Ocean. Satellite data were used to acquire
chlorophyll @ and sea surface temperature from six regions: East Sea/Ulleung Basin, East China Sea,
Philippin Sea, Warm Pool region, Warm Pool North region, and Warm Pool East region. Mixed layer depth
(MLD) was calculated from temperature profiles of ARGO floats data in four of the six regions during
2002-2007. In the East Sea/Ulleung Basin, seasonal variability of chlorophyll a concentration was attributed
to seasonal change of MLD, while there was no significant relationship between chlorophyll a
concentration and MLD in the Warm Pool region. Interannual anomaly in sea surface temperature were
similar among the East Sea, East China Sea, Philippin Sea, and Warm Pool North region. The anomaly
pattern was reversed in the Warm Pool East region. However, the anomaly pattern in the Warm Pool region
was intermediate of the two patterns. In relation to chlorophyll a, there was a reversed interannual anomaly
pattern between Warm Pool North and Warm Pool East, while the anomaly pattern in the Warm Pool region
was similar to that of Warm Pool North except for the El Nifio years (1997/1998, 2002/2003, 2006/2007).
However, there was no distinct relationship among other seas. Interestingly, in the Warm Pool and Warm
Pool East regions, sea surface temperature showed a pronounced inverse pattern with chlorophyll a. This
indicates a strong interrelationship among sea surface temperature-MLD-chlorophyll a in the regions. In the
Warm Pool and Warm Pool East, zonal distribution of chlorophyll a concentration within the past 10 years
has shown a good relationship with sea surface temperature which reflects ENSO variability.

Key words : chlorophyll g, interannual variation, Northwest Pacific, ARGO floats, mixed layer depth

1.4 £ el FF Oéii FEE °F 4.1% 571 tH(Gregg et
al. 2005). AFA 10% 713 57}6} wk 2afoll A 1%

1998-2003d Fete] 6d7F YA EE A=H A A7 7] =7 }él w, 53], 570 9% 3+ (mid-ocean
gyres) & HEIE S BIE3l 470 oH‘—’%Oﬂ*d g2 oF7ke]

*Corresponding author. E-mail : sjyoo@kordi.re.kr



[\
3
[ee]

Park, J. et al.

1

N

£ o &g

5

_Eo

FAI7F BATE T3, Yoo er al(2008)0l] o5, &
& A AEAL i el AELae A5
oS wolx glh. e, BElE Y L= o
off vlal MejE g Ieh/eld) sl e] FE4 HEd
= "l

2, 29k e AdH e 5] A
Fxlo] sxFo] AEERAES] HAdo B
Sverdrup 1953), A9 %= 9L 2 &5l <]

1o o 1R
Jud)

Szi s
o

g3
k)
K

sl WHA(

3l o] ofste]o] dgdol WlLe 15 EPFOE A
Z F&YGo] = o] YA TH(Dandonneau et al. 2004).
HEANG LS A5 FE5L ad 57 EZNE B35
ARAE 2390l ¥ 2)} AdvFES FElo] Yehte

s or dEA o, YEddH HE FEAALS
220] ZWWE FEo] TEA YeRT ITk(Yoo e dl
2008). &3, o] 3l EFFFL TR AEHETS T
sllFe] Wslel A #FHEE o] 91O (Messie and Radenac
2006), vkl o3k AF 852 JFo= Adwse]
AFTHRyan ef al. 2002). 3, B = sjgde Ay
SAve] 4EE 3A v s e, 41 A4 (new
biological production)®l] oAM= & AW 50| A2H
2 SHH(Turk et al. 2001). &35 T4 22085 4
o] WEEe ¥ 55 AeiAIG} th7]-af gt olakstera
ughel wA= g Qe wg T2 o7t o,
A o2 ST T FT A Tl Fe B
HAAY ZsiA dehde 29e sl g i
7 A o FAaAZE vehde 8 o] th(Wilson and
Coles 2005).

sk, B3l £5EA 92 499 dle] & WA
11-12¢ 22 WAdo] A, MA o] Al7]e}h o B
oA AdmEo] Jehte ]9 olth(Yamada er al. 2005;
Kim et al. 2007; Yoo et al. 2008). FZA| Q. 3| F+= A
BFIA Aztste] FE=al, Sl Toll TS nARE
AMEEF A& oo g Wk A oR Fa)
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Fig. 1. Study area and yearly composite SeaWiFS chloro-
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were extracted in the six boxes (denoted by rect-
angles). MLD was calculated from temperature
profiles of ARGO float data in these regions dur-
ing 2002-2007.
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Fig. 2. Monthly changes of chlorophyll ¢ concentration in the East Sea from 2002 to 2007 (a), and monthly changes of
MLD in the East Sea from 2002 to 2007 (b). Horizontal red lines in the boxplots indicate the median. The
boxes delimit 25th and 75th quartiles. Outliers are indicated by a cross.
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Fig. 4. Interannual anomaly patterns of chlorophyll a in the six regions. Upper and lower bars represent positive and
negative interannual anomalies, respectively, of integrated chlorophyll a for each region. See Fig. 1 for region
locations. Note that the vertical axes have different scales.

el (10d Ht 9F 0.16 mg m?), HA3Ee F2 10¥
Fzo] wEAth10d H oF 0.11 mg m?). YE2F&
Ao YEL T 4T FAHO] HeH AHEeR
fAFSE HEle BA=t, E3Fe] dojAl= 5 5718t
3 Tl ok W meba ZHAFth(Fig. 10d ).

wak 20079 7ERE 11970 9E9e] gEA 5
T7F o slieh tEA vl A A7) 9EFEHS
2 IR OE e} Hlasl AiF R & F=rF o

ERstT.
EFHSE 5 B B35 A9 as

Fig. 4= o7/l slgolre] &1 A BFHSA 59 9]
’$A](anomaly)s HoFAL k. G454 10d A7 AEE
HH, AE3 (WPl 544 0= 19987 2002+
Yz A7]el] 743k ek o] A=x|7} Ve AL 199943 2007
doll F9] o] dX7F =LA velstth. 7} o] e o)A
2 AA S Arm, ago s FEE GUAAT 1997-
19981 €] 743t Aol FEFS ol 19984 “dib7]ol 3
3] o)de] Fro] #=E|om, 19999 Zhike] gk
O F 7)ol HA| olte] Frol #SHU L, 2007d
< 4-11€90 T seF g7 E2ps Btk

HEEZ(WPN)ol A 199832 #2512 Y Zs) <
I H)Sgk RS BYlom, fEEEN S (WPEPlA 1998
| ko o FA|7F YRt AS AlQslt HRbHoR 4F
a7} Fuits= o] Yelydtt o] A% 29 A
S A2t ymA] ofd] 2 sl (PHS, ECS, ES/
UBpPIM = d#=A A e 4= gl B3t sige] &z
HAT & E9, 1998d9] 44 Fa &51A] s

dejAs el 22 o] dX7F Hole Whd 1 Abe] &
A sl &l o)At A JErRTh Ed
Z33l el 2000 H/FE ZbzE JEAE T ol
2] Frre] FElshd, Faer sl of 2d F7)
2 o] el vt
olE 99| Aol A HF FEFL9| oAM=
I HETEHN N =
239} A k) of
HS Holu Qo HEEZEEY 20024 o 2)), EE=3]
o9& HIRS OE sigelre 2%A] Fodrt. T3 9E
g3 GEFENG Y] HF42 o) Helel YmA| 4
glgellA 2] Mt e o HuS B Qi) &0
&AM, FEAL EF7E AlRshe 9EREANY £
T o)A 9 FHo] A, FE=3l, sl oA
e M= FARHAl s = dhdol (Fig. 5), 954 &
9] ool Kol F=the Holth(Fig. 4).

HE Fudde) E35et 952 Fue) 59 RE

Fig. 6= SeaWiFS AA 2 A= Arho] 9E39

19989 7EE] P84 FErb BEEUT, 199997
20014704 = F =7t ST 20029 T 57t
gk S Holi, 20063 FE tha ofstE AT v, ¢
E5EAGoNA = 1998d0= PEHN A v AR S



282 Park, J. et al.

2 1 1
ES/UB ECS PHS
1 05 05
0 0 ]
1 05 05
2 -1 E
98 99 00 01 02 03 04 05 06 07 98 99 00 01 02 03 04 05 06 07 98 99 00 01 02 03 04 05 06 07
0.4 0.4 15
W WarmPool WPE
1
0.2 02
05
0 0 0
05
0.2 02
K

-0.4

-1.5

98 99 00 01 02 03 04 05 06 07

0.4
98 99 00 01 02 03 04 05 06 07

98 99 00 01 02 03 04 05 06 07
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the vertical axes have different scales.
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diagram of SeaWiFS chlorophyll ¢ in the Warm
Pool and Warm Pool East regions from Septem-
ber 1997 to December 2007. Horizontal grid lines
indicate the beginning of year. Red dots delimit
the abnormal continuance of high chlorophyll a in
the second half of 2007.
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