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Abstract : In order to study the characteristics of physical environment in water column around the artificial upwelling structure, CTD and currents
measurements were carried out along line observations. Before installation of artificial upwelling structure was installed, the stratification of water
column existed 30m in water depth. After installation of artificial upwelling structure, however, stratification formation depth and strength changed
depending on currents directions. It seems that the change of stratification has a close relation with upwelling of lower temperature water. Afier
installing the artificial upwelling structure, the distributions of vertical flows were analyzed. Local upwelling and downwelling flows showed a distinct
time and spacial changes. Local upwelling flows caused by artificial upwelling structure appeared 100 times larger than coastal upwelling in the
South-East Sea of Korea. Upwelling flows generated by the artificial structure raised the high concentration of nutrients to upper layer from lower
layer breaking stratification in the summer. Thus, upwelling structure plays an important role for vertical water circulation improving the food

environments by increasing primary production.
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Fig. 1. Observation stations of study area. Numbers are depth
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respectively (lower panel).
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Fig. 2. Vertical distribution of water temperature (EW line) obtained by CTD observation on September 5, 2002 (a),
September 27, 2012 (b, ¢) and September 11, 2013 (d, e). Observed from flood currents (b, d), and ebb currents

(c, e). The vertical dotted lines shows a At/Ad calculating station at Figure 3 (bold dotted line
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Fig. 3. Water temperature variation (At) in depth changes (Ad) of thermocline according to the structure front (dotted line)
and rear (solid line) area of the tidal current direction on September 5, 2002 (a), August 28, 2006 (b), September
13, 2007 (c), July 24, 2008 (d), August 21, 2009 (e), September 27, 2012 (f) and September 11, 2013 (g).
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Fig. 4. vertical distribution of w-component (color bar) with temperature (black solid line) on September 27, 2012 (upper
panel) and September 11, 2013 (lower panel). Observed from flood currents (left column), and ebb currents (right
column) in mean tide (red bold dotted line : MTWC).
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currents (left column), and ebb currents (right column).
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FSRES 217 102x10°Sy, 17.9x10°Sv2 Z8kAl UeEbgtal  §32 FARRE 4E&E Jedth ol AleY FFHow
TFZ2EY AT 7E 1000m o] Bolzl P A= did 8 ZA5E ZojA= AP EA] g volume transport®] energy
el AA dERsTh v 2013 HGERAle] AS - WstE wAste 23R g
Aol A AEfreFo] SAEA UEl o TRE B2 () T Picard and Emery(1990)° ©]3}H <AQtefe] 853l oA
1(1000~2000 m)oll A 18.5x10°Sv2 AFo] 714 ZstAl  FeF5S 0.005~0.0116 cvsehal vk, 12]a = Sl
WERR T 20121 3 2013 9] A=A el A T belA FAAH Aol mE AdEFol o FSHES
o] thg YEPR T, YA A9 BE G A5 0.0101~0.0164 cys 2 AlLFE Y THLim, 2014). =3k U ¥ Bungo
freFol -Alstet. Channelol| 4 1FTZE(Wol: 20m, F°]: 10m)= ©]-& AL
Kim and Hwang(2006b)ell ]38} 20061 Q1¥&57F2E #HE BRWA F2E AX Ay T AA{KE] xEAA)
AR F(FEE AT 2005~2009%)0] FAE AAFE A7 LT ows 26 emsE TERE AX - 1L8H] FUbERlth
Table 1. Average volume transport of vertical flux per unit area (1km2) (Sv: X106m3/s)
(+: local upwelling flux, -: local dowelling flux)
Obs. time Area A B C D E F
Flood 3.1x10° -8.3x10” 2.7x10” 2.3x10° 8.5%10” 6.4x10”
Sep. 27, 2012 3 3 3 3 3 3
Ebb 2.7x10 3.2x10 3.8x10 3.7x10 0.9x10 2.4x10
Flood 0.5x10° 6.6x10° 10.2x10° 17.9x10° 0.7x10° 3.9x10°
Sep. 11, 2013 3 3 3 3 3 3
Ebb 8.4x10 14.4x10 12.6x10 14.1x10 18.5x10 11.8x10
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(Yanagi and Nakajima, 1991). 3+ 8h= s oke]] x5 ¥
|5 TEEANA AAFIT 7 = 2013

ZA F2E 55 E7Y9 Ht 94 F452 1.85emisE

-~
Ry
N

ols
=25
=
-
o

of
ofo
of»
4
BN
g
1o
Jo
-
o)
=
Ach
N
B
12

> o e o
)
12
)
38
Aui
[40
o
ofo
of»

-
N
il
2
o
ol
5o
il
rlr

L e
o,
i
Auj
Mo
)
=
ro
o

T oo
oy

o R

e
i)
ox gt

-1 o on

f
ot
X o
ofj
[o
o
oty
>
2 mx §2 N o

oy

Hr ok N
2

14
e
>
B~

i

BN oft
o

it}

fo X R omg rfr fo
4

1o
oX,
ofje
ofk
o,

2
jubal

" o
-
BN
il
o
o
=
o

)
19,
S
=
rE
oty
ol
x2

o o
RuA AR
I T )
L

BN

>

a%

BN

3

fl 2
oo

(ot

o

£

of» ’

LRk
v >0513 2 oo
£
2,
o
o,
=¥
>
o,
N
tio
¥

_04
o
o
rlo
-
kN
e

&L
N
>

AT
ol
o
e
i3
-~ 9
& 8 g

o o
o
o (U
=3

o> o

XeS
o
i)
ot
o
(B
o

o] =2 Tt A& skEd T H2014d)0 9

References

[1] FAO(2009), FAO yearbook, Fishery and Aquaculture Statistics,
Food and Agriculture Organization of the United Nations, p.
78.

[2] Hwang, S. B., D. S. Kim, S. W. Bae and K. Apitha(2007),
Variation of Current by the Building of Artificial Upwelling
Structure(IT), 2007 Research conference of Korean Society of
Marine Environment & Safety, p. 214.

[3] Jung, D. H, H. H. Shin, S. W. Jung and D. I. Lim(2013),
Variations and Characters of Water Quality during Flood and
Dry Seasons in the Eastern Coast of South Sea, Korea,
Korean Society of Environmental Biology, Vol. 31, No. 1,
pp. 19-36.

[4] Kim, D. S. and S. B. Hwang(2006a), Characteristics of
Oceanographic Environment in a Sea Area for the Building
of Artificial Upwelling Structure, Journal of the Korean
Society of Marine Environment & Safety, Vol. 12, No. 1, pp.
1-8.

[5] Kim, D. S. and S. B. Hwang(2006b), The Variation of
Current by the Building of Artificial Upwelling Structure
(1), Journal of th Korean Society of Marine Environment &
Safety, Vol. 12, No. 4, pp. 301-306.

[6] Kim, D. S. and Y. Shimasaki(2013), Change in Marine
Environment after Artificial Reef Deployment in the South
Sea of Korea, Kyushu University, Vol. 58, No. 2, pp.
403-415.

[7] KIMST(2013), Assesment

fisheries resources in a Artificial Upwelling System, Korea

of potential productivity and

Institute of Marine Science & Technology Promotion
Republic of Korea, p. 365.

[8] Kirinich, A. R. and D. Hebert(2005), The structure of the
coastal density front at the outflow of Long Island Sound
during spring 2002, Continental Shelf Reaserarch, 25, pp.
1097-1114.

[9] KMA(2012), National Typhoon Center, http://typ.kma.go.kr/
TYPHOON/index.jsp.

[10] Lee, C. I, D. H. Koo, J. H. Yun and D. S. Kim(2007),

Stratification Variation of Summer and Winter in the South

- 379 -



A

fol

Sea of Korea, Journal of the Korean Society of Marine
Environment & Safety, Vol. 13, No. 2, pp. 119-125.

[11] Lim, W. H.(2014), Hydrodynamic numerical experiments at

upwelling region in the East Sea of Korea, Pukyung National
University Graduate School, pp. 56-58.

[12] MLTM(2009), Improvement of Fishing Ground Environments

using Artificial Upwelling (5th year), Ministry of Land,
Transport and Maritime Affairs Republic of Korea, p. 378.

[13] MORI(2002), Tidal current chart (Busan to Yeosu), National

Oceanographic Research Institute, Ministry of Maritime
Affairs and Fisheries Republic of Korea, p. 20.

[14] Ouchi, K.(2003), Ocean nutrient enhancer “TAKIMI” for the

experiment of fishing ground creation, Proc. 5" Ocean

Mining Symposium, ISOPE, Tsukuba, Japan, p. 37.

[15] Picard, G. L. and W. J. Emery(1990), Descriptive Physical

Oceanography: An Introduction, Elsevier, pp. 276-290.

[16] Ryther, J. H.(1969), Photosynthesis and fish production in the

[17]

sea, The production of organic matter and its conversation to
higher forms of life vary throughout the world ocean,
Science, 166, pp. 72-76.

Suzuki, T.(2002), Ocean Fertilization by the man-made
Sea-Mountains Built with Coal Ash Concrete Blocks,
Proceedings of The Twelfth (2002) International Offshore and
Polar Engineering Conference, pp. 734-736.

Yanagi, T. and M. Nakajima(1991), Change of oceanic
condition by the man-made structure for upwelling, Marine
Pollution Bulletin, 23, pp. 131-135.

Received : 2015. 07. 30.
Revised : 2015. 08. 21.
Accepted : 2015. 08. 27.

AF .

oy

- 380 -

2



