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Abstract — This research is about the inherent optical properties(IOPs) of algae which is collected from Nam-
Hae for basic research of red tide remote sensing technique development. 21 kinds of red tide organisms were
cultivated to investigate IOPs of them in the level of laboratory, and specific absorption coefficient of phy-
toplankton(a”) and backscattering coefficient of phytoplankton(b;’) are estimated by using spectrophotometer.
Absorption spectrums according to species appeared to range from 0.005 to 0.06 (m*mg"), and the shapes of
spectrums were also different. The range of b,” appeared to be 10°~10* m*mg’, which had about 100 times dif-
ferences between species, and the shape of spectrum have significant difference between species. These results
will input as a remote sensing reflectance model input parameter from ocean color.
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Fig. 1. Spectral variation of absorption in seawater. Qualitative com-
parison of the shapes of absorption spectra of puer water (a,), spe-
cific absorption by cAl (alw) (Sathyendranath er a/.[1987]) and CDOM
(aczlam)~
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)AL ABDAKOcean color remote sensing)?} 31T}, o)
AEAE T 7] Sl BAlE Aol g3 48 7}
A3F 4429 FofiiA) (radiance)E o183 s Vo) E3HE vl

g 249 g FRE dohde Zleoith 9714 ol §EE Fel
UAE $F08 QAT Hiokde] 85 fioR datse] Yo

oA (water leaving radiance)°|th. Sl5-SA o] uje} 4=440] W
A =Hed ol 3le iRIE i $9 EFE] uE 3
EAe] Aol Yehhs @R o]#idt o= Fig 194 &
U}, Fig. 19 AME AEEFAE §S54(Chlorophyll)ell 2J3t
HE AT, AL £E27718(CDOM)el 3t F3AIGoI, 2
e 258 Bl A8 FASE viehdtt. o1k 5% 2FE
Ho g3t mokel o EAES] TR dE & & Sk
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52 FEHL 189 FE/J(Inherent Optical Properties;
I0Ps)# 9483 BEAd (Apparent Optical Properties; AOPs)2. %
F5E, 10Pset AOPsY A= Fig. 29 2t I0PE Fi1
e nf FEPGoZ SR FEA Aol BAGe) 4B
@ 7HRE B0lH duSo] oy FE AZA oM &
A}, 10p &5 0 2= F37 4 (absorption coefficient, a), &4k
Al (attenuation coefficient, c), BAFHAIG (backscattering coefficient,

b7t 9o, AP FECZE YA VAL (Remote Sensing
Reflectance; Ry), “=5-45k(Water Leaving Radiance; L), Z31%F
F(Downwelling irradiance; Ey), %7438 % (Upwelling irradiance;
E) 5°l It

Az AFgAe] BHA Aog 98 HEEHIEY §% &
Ao #gt W& A7} 3=}, Cader and Steward[1985]
of oJal] A& HZ dAYA} AR LaElF Jfde] AEESI
o152 Zz v} dotel]l LA Dinoflagellate bloomE F4H 0=
g7]0] Spectro-radiometer® AME-8l0] Remote reflectance® 57
g 3 2do ol HxAYEL FEE TSIt 23 o] A
Tl toFst Az digt A7t obet & & Foll of
sl AR o = tiekskal ARkAQl B0 AR
Sl AR FetzQl 54o] W HEA Witk 4
7ol ATt

E o Aol AEEHIEY] §F AHEYY V9 B
oo} Wgth= AV S FUEE B3 Bl m (Clott ef al. [2002];
Hoepffner and Sathyendranath{1991]; Kirk[1986); Sathyendranath et
al.[1987]), o1& AEZaEo] 71l M (Bidigare et al.[1990];
Hoeffner and Sathyendanath[19911)+ A12] ZL7](Ciotti ef al.[2002])
o w2t G2A Yehdrkes ARdo] e

At Ages F3AI vl of AR g 7, F3A
ol g o Bl AEEHAES 7Y F U Fa8 F

EJolth(Robert ef al{2004}; Ahn er al.[1992]).
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Fig. 2. Cause-effect chain.
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B AT AAYALE olglel Az HES TS B4
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2. AR = 3 HiH

2.1 HTYEZ Y

B Aol AREE ARAYEFS g T ol AP 21
Fo| AEEHAEH, AFEFAE FHT we) JHEERF
13%, FATZEH 15, 53257 3%, 29Uy 15, 3Ry
1%, 18] 7125 2% o|th(Table 1). =2 Pasteur-pipette ¥
o7 Baslo] £ vl|oksle 0o (Hallegraeff[1995]), WloF2A-2

5 20+1°C, % 70 umol'm™s, F7] 14 h Light : 10 h Dark
2 dAsHA FAEte] Fell wek 2-3 F3F vkt viekel Ak
48 1A= 0.2 ume Millipore® 24 A& F BH3 o] A
ZAPIE(SiyF H71EA] 9 /2 £ (Guillard and Rhther[1962])
& ABl ARSI AL, FEFOlE A ESE W% v E
A&
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Table 1. Cultured phytoplankton species, strain and sampling sites

Species Strain Sampling site
Dinophyceae (+H B £ 7F)
Alexandrium catenella AxCt_KO01 A FE
Cochlodinium polykrikoides CcPk K04 IFUZRE
Gymnodinium catenatum GnCt K 01 28] G
Gymnodinium sanguineum GnSg_K 01 AA &9
Gyrodinium sp. Gnsp_KO01 AA A5
Gyrodinium aureolum GrAr_K01 AAHAHE
Gyrodinium impudicum Grlp_K02 AL E)A
Heterocapsa trigqutra HtTq K01 AA AEet
Prorocentrum minimum PrMn_KO01 T-AE 3FA|
Prorocentrum micans PrMc_KO01 A 1A
Prorocentrum dentatum PrDt_KO01 AA AETr
Prorocentrum triestium PrTe_K01 AA A=
Serippsiella trochoidea SpTc_KO1 TAF SHA|
Raphidopeaceae (2 H E27)
Chattonella sp. Ctsp_KO1 AA A&
Chlorophyceae (%57
Chlamydomonas sp. Clsp_KO01 -
Chlorella ellipsoidea KMCCC_20 Japen
Chlorella schroeteri KMCCC_22 Nacdong
Euglenophyceae (72 #l U57)
Eutriptiella gymnastica EtGn_KO01 A& G
Haptophyceae (2} 2. % 57)
Isocrysis galbana KMCCH-2 DE-5
Bacillariophyceae (T %)
Coscinodiscus sp. Cssp_KO01 AA A&
Phaeodactyrum tricornutum KMCC B-46 IR
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2ol AMgIGIT U] RES FRAS 2 Aol &
NRE AT SAAFE A57} ok ohtnE T
N2E AT FEE BV A B2E 5B A
JHeRT, Sl FAE olgdtel BEE Pehhe PHE
Abg- 8T,

£ 1o

22 ME ME B0 g84 55

Az B A24 TEE FH A8 FHE NEE GF/
F(Glass Fiber Filter) 47 mmE ©]-§-3}o] Fej7} 248 gj74] o
Faiet. o e Fel= M4 FE4 99 20 ml vial 87101 10 ml
o &3} o} o] paksiA 2ERZ WA 4°C Lol 2443
S}t BAsI), Ma Soths: FE517| 8 oplE] =A]
25 mm membrane PTEE type(Model MFS-25) HEIE {254}
71l B-&slod Fe| KA 55 Aegich ojgA 28 M4 &
NS PERKIN-ELMER c0.2] Lambda 19 dual SpectrophotometerE ©|
£33 RS =735t} £ Optical Density 3k Jeffrey
and Humprey[1975]2] 2 tiglale] 54 F5E B4s00t
(Eq. 1). 924 555 18] <chbglar YeERIM, d9E mgm ot

(chl)(mg:m) = M

3714, C=11.85 Esss-1.54 Esi-0.08. Egzo
E;: spectrophotometers 43l S4€ 449 37 OD.
v: M 28 A3 AREE 90% obAIES] %, ml
v oash Alse] 4 L

2.3 MZX ME Fo| YKt 7| LR HEL s 5

vjoke Az AEFS A 279k 4R FE S8
Az 275 EA3Y] YaA drEE ol8slsior, A 7]
= AR A0 F4AE ARSI
Ui JE24 T Aklsl] ek AEY d Fed 4=
5% (pgmiM YR FeellsmlHE SRS 454 55
223894 spectrophotometers ©]-43] 38 7 o] 833
o, AEZo] YA £5 FAEY] 8 17137 YRAFII]
Multisizer IIl Coulter CounterS ©]- &3l UF AFA 55
248 JEL FEE cell density® vl AAET
pg-cell'o]t},

lo rlr b
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2.4 MTMEZ0| FE2H|%(a, absorption coefficient)2} H|
EZHI%=(a*, specific absorption coefficient)

E3A%(a, absorption coefficient)st W A-& T3l F&ol
osle] w9 7E F FFEE F AuA e 2oy, FHEE
24817 Y8lx F2 filter techniqued €3 BT} F-RA4H
2 235 WS o] &3t} filter techniqued 35 YAE A
E7} 28 g7z MEL AR & A JHE 4 57

71719} spectrophotometer W3- FHsit ol H-2H8}31 Optical
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Density(0.D.)#ts &743H= ®Wold). filter techniqueE ©]4-3
RS 54 SN glo] 953 QFE AT E 9e 5 Q= R
oltt. kAR filters} YRIzE] “dZ &80l €)% multiple absorption
I effec) A3 O.D. Fol HHANE 248 wnc) ok 2
v ol A SHEct. webA filter techniqued o3l &34
T FHE AHEYL Hr o RAyo] Pt

E 08 PHoRE FYEE Sshe ot A8E
Optical Cellol B¢} spectrophotometerS 0] 4319 OD. & =
gott. HHE 3T g9 FARE A2 20t 22X
2o PRI ATE A& F Qicke Aotk w8 & Aol
oJgk oA YR-E A7} BF 351K i) i) o]
383}17] s sample cells 2% (integrating sphere) U}ol] @
ol sk W sample celtd A HET | 7o) T
I F3ste] ARbEE laeshs W] gtk

£ A7oxlE FAEE F9EE SH6igon AebEe 3
817] 3l sample cells Z%-T vEZ ol F31 243150} 5
Bl e FHEE ) 98 A48 717)E FET B
¥ dual spectrophotometer®]T}. o174 baseline 2ol AR A
E2 AZAE okl AMEE ixIg BYF RS ARSI
baseline 570] 4 T reference celle IthE T3 Z4 53 =}
e MEE targetd] T3 FHEE 43kt o)) AREE optical
celke 1cm®] 715 o] €319, 9 M= 400~750 nm7HA]
1 nm 7ZH4 02 SA3}50t). o)A 39 optical density(0.D.)
<+ spectrophotometerel] <J3] SAE 71A1F QA g7 THE(Eq. 2)
3} o] Beley. ‘

0.D.= loglo%, )

71X TFe FIHE(Transmittance)2 27] YAFREH1)T S}
B 9 FFW0 WY 3 (LPIthEg. 3). FR01& dL £
Aok FFE Wl FA disl A5gs oz it
Beer Lambert 3] 3 tha-z} 7to] AXFATHEG. 4).

T=1l, 3

I=L" @

714 av= EFBAS (absorption coefficient)o] ™, x= Fo] =
At A= w2 9] F8he T (optical thickness)o|th. (Bq. 4)&
HYPslo] AAZ T Ind F3PH,;

a=In(lyD/x )
Eq. 3% Eq. 59 &b,

4 ln(alc/D )
. 2.30251;0g£1/T) -
714, 230255 AAZTE A4 T2 MRS Aol

A3 - 835
Eq. 2¢1 23] 375 (aye U Eq. 85 2o] AAMET) o714
0.DE 7171573 el &)= mlelu},

= 2:30250.D.
X

®

£ AdFNHE FFT 54 Al 1om optical cell AFEEIRL
B2 xgh 0012 T wioke AE9 FL 93 ujAF
If FEAS dohiy] 98 549 TI=ERH AN %
Are d 55T F3A5Y B1EF A4 (Specific absorption

coefficient, )2 YEFATHEq. 9).

a'(A) = a(A) / <chl> ©)

2.5 M ME Fo| MZPIs(b, scattering coefficient)2}
HALMZIA|Z>(bs, backscattering coefficient)

A (b, scattering coefficient)d A& F3lal= F&o
ofa &) Al F AEE B odux]2] 2718 Dek) s (el
e F ARlrE SHE 5 o1 wiel 3] £ Ae] E
2AHA| (e, attenuation coefficient) 2t & F A4 (a, absorption
coefficient)?] 2}= AAFECHEq. 10).

(A =c(A) - a(A) (10)

L

AAFE AW, forward scattering)¥ & Akek(p,,
backscattering)®] $H(Eq. 11)2.2 HHAFRS 3 138 wkgk]| s
0°ollA 907k W elM el ARk(Eq. 12)01H, SAkhe 90%ollA
180° A A 2] Algto]tH(Eq. 13).

b=b+b, an

by=2n f B(O)sinbde (12)
0

by=2m J" A(6)sinbde (13)

B(Oy= 9 3 (m)ell thall 0°~180° 1) H) Zofl YAksh=
irradiance(unit, W-m?)el] thgh Akt F(W-sr') ZFE2] v]o|th(Eq. 14).

A6) = ‘%-? ,m™ st

a

(14)

QAE Al angular distribution scattered radiation(volume
scattering fumction, VSF)? A(6)& #2004 z HE$7HA] AEgo
2R 78 5 vk 22id 4 7170)7F AE38 =3 Qo a2
Az BAE W 1° vl O S ok sl AR og=
/b5 stk & 4 ik

Fdeie] AR AFA e (volume scattering)C & Fo 2
AAERE B2 100% 358 5 e FEEQA T2t AEAE
E7Fs317] Wil gdRlell <lgh ik Al9=(b,)2 spectrophotometer
2 RE A L gick

= 3 A
38 5
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Fig. 3. Inside structure of Integrating Sphere.

£ ATl A= Maffione and Dana(1997)2] WiiellA] AjA s 2
Tol] up} 141° oA 2] Abehgo] A7|(Bu )t & DAk Al
o 7FE froldel ok Zgsial Eq. 159 Zol Alikeisitt.

bo(A) = 27mx-Brai (1) (15)

AL Zhol) sk HARE A5k 718kerA B732] GF(geometric
factor of optical cell)i= b2+ by,2 B 3LOE Eq. 163 2}

GF:bb/b}m (1 6)

2me®] F2 GFE 21ZZ8HE0] Fof uke} 5579 #& o
BRI 2 Atellrl= 602 YAt 7Pgsisict. uei] =74
Akt Al vet 2o Al fltk(Eq. 17).

Bi(A) = bun(A)*GF (17

AN b ZHE 3F %e& A% o1, GF gk& optical
cellell 2 718181 WARFR 62 A8t ol Akke
R AR WY ASS A S SR Sk

2=0]

Q1 nleAket Al9=(Specific backscattering coefficient, b,)% 1}

Rtk Aakst Al 5440 ARSE 7)7E AR A
spectrophotometer® F 3715 574 A AR 71719} 5Lgk Alolch,

Ao YR - Fig. 33 2o ERAEY UM &
Aol oJalf ikt B B S48 ANE

3.4 1

31 MX Mz 32| Xt 37| ¥ LHE 84 s

Table 2= Agol] AM-d 21 F2] Ax AE gt ¢ cell
G A5 Fe AR Boltk. 21 T I 454 5T 16410
~4410%ng-cell'S] WY o]n, o] FoA =27 U 54

7Y 7P ST} w5215 SIS Chlorella ellipsoidea?} 4.4x10°
ug 'cell"i 7P e S vehdth wd AN fFof Fahe

AT 0 B A 51

Table 2. Estimated Chlorophyll-a quantities per unit cell for the 21
species

. <Chl>  Cell Density ~ch/ICell
Species N N Density]
(ng'ml™")  (cellsml™) (ng-cell)
Alexandrium catenella 92.62 4430  2.1x107
Cochlodinium polykrikoides 371.29 2,290 1.6x10"
Gymnodinium catenatum 17.15 432 4.0x107
Gymmnodinium sanguineum 67.09 1,450  4.6x107
Gyrodinium sp. 83.32 28,800  2.9x107
Gyrodinium aureolum 11.64 830 1.4x102
Gyrodinium imputicum 63.08 1,600  3.9x107
Heterocapsa triquetra 226.03 29,500  7.7x107
Prorocentrum minimum 154.76 35,970  4.3x107
Prorocentrum micans 175.64 4,540 3.9x107
Prorocentrum dentatum 4.68 31,430  1.5x10*
Prorocentrum triestium 102.80 24,470 42x10°
Serippsiella trochoidea 105.98 6,120 1.7x107
Chattonella sp. 121.95 2,930  4.2x107
Chlamydomonas sp. 196.04 294,927  6.6x10™
Chlorella ellipsoidea 4372 10,026,400  4.4x10°
Chlorella schroeteri 46.03  1,145400  4.0x10°
Eutreptiella gymnastica 224.23 75,400  3.0x10°
Isocrysis galbana 276.61 1,174,173  2.4x10*
Coscinodiscus sp. 7.51 50 1.5x10"
Phaeodactyrum tricornutum 347.64 3,466,633 1.0x10"

Cochlodinium polykrikoides®t TF3=0l %3812 Coscinodiscus sp.
7} 22k 1.6x10 " pgeell'$F 1.5x10 g cell'® FASH 713 &
gt HeERt -
2 AEEYTIEC| ERT0 WE niEE 254 H|R

Flg 4= AR 5l £l Gyrodinium aureolum, Heterocapsa
triquetra, Prorocentrum minimum, Prorocentrum dentatum, Provocentrum
micans, Provocentrum triestium, Scrippsiella trochoidea($1%)%
=30l &3h= Chlorella ellipsoidea, Chlamydomonas sp., Chlorella
schroeteri©FZ S 550 nmollA] TFA gt} vk vl &4 29
Edolt} AR zF &l O FEL& Gyrodinium
aureolum T A28k BF 400-450 nmollA] RS el &
o, 600 nm F-2ellAd 7P vk F3e vEhd® 590 nmellA
okt B % FHhE vebllch WhH S35 430 nm 2ol H
gk, 550 nmelA #HA FAUE ek ow, 460 nm, 640 nme|
A Fo] w23] sk FHE HER

Fig. 55 SHHREREH) 5257 (O}EHE) 550 nmol| Al
normalization 31} Bl 3t H]ejaked A~#ERojct, ohHE 3R
Zehs ABEZHAESS ottt 2lol= 9194 460 nm, 580 nm,
720 nmellA] o}l Wik 2 Hohgko) S Gyrodinium aureohim® A
915kt 450 nm} 670 nm F-ZolA opEiEEO ® gk o
Ehz, 2 W FEE 7 He) Fo] §ler 400-700 nm
oA 570 nm F-Z& FAH T A FEE HERlTh B3 =
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Fig. 4. Spectral values of the specific absorption coefficients (a*) mea-
sured on Diophyceae (left) and Chlorophycea (right).
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Fig. 5. Spectral values of the specific backscattering coefficients (45 )
measured on Diophyceae (left) and Chlorophycea (right).
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Fig. 6. Spectral values of the specific absorption coefficients (a*) (left) and backscattering coefficients (by") (right) on measured all species.
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AR SRS AAERE W ERAF SH =D she
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HER o} R kg JRIth HlSARIIE SEEG gl
M9 Fol meh 107410 mgm?9] WAZ < 1008)9] Aol
B,

A MARcw AzE Qo731 Q= AYES F o}
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> 1S
R
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_>ﬂ/ wn
o ol o

Holl= 2]
77t TTOHEZ:% Aozl gt} HEEFS AL 28
F20| W& W= Heterocapsa triguetra 5°] A5E 4o7|H
AEE TRl & ]

fo o g o

= Choclodinium polykrikoides 0], 7+
TR G0 Y& FH\X= Heterosigma akashiwo, <7
20| &L AN M= Prorocentrum micanset - Fo| AFx ¢
@%‘Ei %igﬂ_f‘y_}\ﬂr t\:—g]. x%zb "r7 Aoﬂz% og le\go}m

S4e ol4e Py
o) o EHHoIT), B AT @ Adlel F Azg 9

x%o]

AA7le e gk T2 FEAYI0Ps)E FAT O T Hx
HAGALY] #44 HTE AlEskITh

Az AEE 3 440 nme} 680 nm T4 BREAHOFE S
37 et o, 500 ukel 460 nm, 530 nm, 590 nm &

N

48 gt oy
M of I

b7} 23 TRE B S Uekde, o) HEEYHES)
st} 7t2} Al o] E57) cheo] el olefdt 1
el Aol ABEYAE F 0L A5Eb St FYS
Gl A5 vla) ek AfERY) AFE 10°2 o 2

1 =
Az ‘ﬂa Ay a3 7L°] case- H./l
o]

NIOﬁ
iﬁ
r =
& L

¥0 A (o
o,

ol

Jo] vpersh=t] SRR
] ORI %HD)%L - Hok s o
E‘rkkgﬂi =2 FElT kst SE B vt vhd =
B B AT A S F2 9uY S3AEE
a4 »}E}Mﬂ H| Sk
700 nm HoA] T ==

=
=25

dr i

el

M
$ 2

g

2 -

7

N

£

& o

|

fs

o

>,

O

&
10

WAGFAME 570 nmE FHLE 400~
Aejol A ERS YERASIt
Chlamydomonas  sp., Chlorella ellipsoidea,
Chlorella schroeteri= W5 JF4 w57t 7P w1, AA 27
2t 13y olE BEEATE U FERu
A8 A YR, b, 7ol &3 Coscinodiscus sp.

S U B RV ER, AAAE g Ao v

= 7]_11

FAATE 7P WA vehdrt mE vlEAle et viekt
Ale] Afoliz AEe] Wi G52 FEs Al A7]e vl
Atk 2 & gloh,

olE A Az JAERIE 3k A e S]] Qlo] &
F g gAY iR A o 9ler, Hyper-

spectral $1°d4¢] 7 4 %}%O] FA3 Fojzte] wet Az
AR} A FEFHE G B8 7Ed I0PA RS AT

ol

AP AL

2 o s SgsliaEe) Gocl FATA
A OF o]Fo g,
28

[1] ZFH5Akek, 2000, A2 (1), 52 B4,
[2] TR <Ababeb9l, 2003, National Report on HABs in Korea,
e B,

[3] Ahn, Y.-H., A. Bricaud and A. Morel, 1992, Light backscatter-
ing efficiency and related properties of some phytoplankters.
Deep-Sea Research, Vol. 39, No.11/12, 1835-1855.

[4] Bidigare, R. R., Ondrusek, M. E., Morrow, J. H., and Kiefer, D.
A., 1990, In vivo absorption properties of algal pigments. Ocean
Optics X, Proc. SPIE, 209-302.

[5] Carder, K. L., and Steward, R. G., 1985, A remote-sensing reflec-
tance model of a red tide dinoflagellate off West Florida. Lim-

J

_1

4

nology and Oceanography, 30, 286-298.

[6] Ciotti, A. M., Lewis, M. R., and Cullen, J. I., 2002, Assessment
of the relationships between dominant cell size in natural phy-
toplankton communities and spectral shape of the absorption
coefficient. Limnology and Oceanography, 47, 404-417.

[7] Guillard, R. R. L., and J. H. Ryther, 1962. Studies of marine
planktonic diatoms. 1, Cyclotella nana Hustedt and Detonulla
conferbacea (Cleve) Gran. Can. J. Microbiol. §, 229-239.

[8] Hallegraeff, G. M., D. M. Anderson and A. D. Cembella, 1995,
Manual on harmful marine microalgae. UNESCO, pp.551.

[9] HoepfTner, N., and Sathyendranath, S., 1991, Effect of pigment
composition on absorption properties of phytoplankton. Marine
Ecology. Progress Series, 73, 11-23.

[10] Jeffrey, S. W. and G. F. Humphrey, 1975, New spectrophotom-
eteric equations for determining chlorophylls a, b, ¢ and ¢ in
higher plants, algae and natural phytoplankton. Biochemie Phys-
iologie Pflanzen, 167, 374-384.

[11]Kirk, J. T. O., 1986, Light and photosynthesis in aquatic eco-
systems. Cambridge: Cambridge Univ. Press.

[12] Maffione, R. A. and Dona, D. R., 1997, Instruments and meth-
ods for measuring the backward-scattering coefficient of ocean
waters. Applied Optics, 36(24), 6057-6067.



54 M - BAR - AR BEF

[13] Robert D. Vaillancourt, Christopher W. Brown, Robert R. L. in the spectral values of specific absorption of phytoplankton.
Guillard and William M. Balch, 2004, Light backscattering prop- Limnology and Oceanography, 32, 403-415.

erties of marine phytoplankton: relations to cell size, chemical

composition and taxonomy. Journal of plankton research, vol- 2008 9€ 82 AL

ume 26, number 2, pages 191-212. 2008 11€ 109 AHALg =
[14] Sathyendranath, S., Lazzara, L., and Prieur, L., 1987, Variations 2008 12¢€ 2% 44 & Q4



