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Understanding dissolved oxygen variation in Lake Nakaumi using

long-term observational data
Sangyeob Kim', Takaharu Hamada’, Kenji Minami' and Yasushi Seike'

Abstract: In Lake Nakaumi, a semi-closed brackish lake, hypoxic water masses have occurred
frequently. In order to understand variation in dissolved-oxygen concentration (DO) in Nakaumi, an
analysis of 24 years (1993-2017) of water quality data was performed. As a result, the fluctuation
of DO in the hypolimnion of Nakaumi could be divided into three patterns: (1) Months in which
the stratification index had the greatest impact (October to January), (2) The effect of the sea water
on the hypolimnion (February and March), and (3) Months in which the hypolimnion temperature
has the greatest contribution to changes in the lake’s DO (April to October). For example, it can
be shown that hypoxia in the hypolimnion from June to September was due to bacterial oxygen
consumption during warm water temperature conditions, rather than due to the intensity of

stratification itself.
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Fig. 1 Location of the automated water quality measurement tower in Lake Nakaumi.
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Fig.2 Variation in Stratification Index (SI) and Dissolved Oxygen (DO) in the hypolimnion
of Lake Nakaumi from 1993 to 2017. For the calculation of SI, see Simpson et al. (1990).
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Fig.

3 Monthly average DO values, Lake Nakaumi hypolimnion. Vertical bars

are + one standard deviation.
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Fig. 4 The epilimnion / hypolimnion temperature difference in Lake

Nakaumi, monthly averages.
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Fig.5 Monthly average hypolimnion temperature in Lake Nakaumi.
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Fig. 6 Monthly average hypolimnion salinity in Lake Nakaumi. Vertical bars are +

one standard deviation.
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Fig. 7 Monthly average hypolimnion salinity in Lake Nakaumi. Vertical
bars are + one standard deviation.
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Fig. 8 Monthly average rainfall in Matsue, Shimane prefecture, 1981-2010.
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Fig.9 Regression analysis result comparing SI and hypolimnion DO for each month.
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Fig. 10 Time series data of salinity in stratified Lake Nakaumi during a typhoon in 2005. Rainfall and wind

speed data from the Matsue weather station.

BEMMEW T D, TOREAD FED DO D2 ),
SIDFREZDEDDFEX DI, HEREDIEKIC
MAT FEDEWKE (K5) IC&K2/37 77O
FHBOBEMAKELEFE LTV HHENS. —
77, 8 HIZEREN DRV E DD, 6 ~ 7 HDRERED
WHETSINELEEL, MO RKOBS®RICKSE
VIKIRDZ 8T 6 H~ 7 A& [ARRIC DO WADd 5L
TN .

9H7IZ, BHNENZVEDDSIBEDLTVS.
—, FEOEEEDPLTWS. ZOFERD—DE
LTEROEENEZENS. KBRTOT—RICES
& 1981 4E~ 2010 4E 0 30 4ERTICH B O BT 803,
T NAETHY, AnlEanfFEids H G41{0),
9H QYME),7H Q1) TH%. Fric, WL
&9 AHEHSE,9 A 09 D, 8 A 0.81#),7 A (0.5
i) THY, I AVREHEEFROZ N NI S.
X 10 I, 2005 4= 8 A~ 9 HOHHHH.LIC IS =
E RO MR R BB B RN RS XU
MR 2005 429 A 4 H~ 7 HE CIEHITmWOEE
(TO514NABI) DFZEEC RN &I S ShiEiR S
FAELT- KRC, 9 6 HIZ FHEG#K 10.6m/s D5
WEIC KBERERAT, NEDE D EJED 20PSU
DFETHA L. Z2D1%, FEOE D D RAICE
FU, BHRIPo & EEEDIE T DAENKELES
IR B E R LTz DMWN 5. THE Tl mliF o
hig O F REAICEI LTI, Godo et al. (2001) D 4%
HEHH B, 5, 1996 4F 10 I > 7258 EIC

39

P9 FREKOE MK FITH LiEi A gz 10, 2
DMK RD 2 BRI X5 H 0 EofEPHS R L
FEUTEDE TOEMENCEF G L 2l
LTWa., ARFEFITE, EilRLzdEy, 1FxeEcb
TEOREIR S ECTZE D EHEREINS. LIz ->T,
9 HICHRENZLTE SIMEADT 201, 5O
EHCLES SREIR A K> T gD MEL KB T
EDN—DDFKTHZEHWENS. —F, FEDK
EREEE WD, 6 ~8 ALRIKRIC/NT T 7K
BHEEEMBNAREL, FEO DO OJIcEFSLTWY
BHEHMENS.

D EDTEND, HifFD MEICHIT% DO OZH)IE,
KD 3DCKRELFIFIZBTENTES. O SIOHEHGH
KENH Q0 A~1H), QUKD ENRKENVH (2
H~3H) ® FEOKEDFSGHAKENH @ A~ 10
H) TH%. R, 10 Hik, Q@B i3zl
TWABHTHS.

T & B

AL T, 1O TEICBII T FIERIEE
(DO) DEFHFFEAZIHSMCT B728, 1993 4 4 A~
2017 4E 3 HE TD 24 £ O ERI/KE BN T — %
ERWTHENZIT T2, ZORE, Wi eI
EEREEL, TEIMIEBECLA VK THST
ENMERRE NI, LA L, EEREE (SD & DO
FEMZBEUTIAERMHEDNE S Nah o728, H



& AHEE - EHEA -

TLOfMiEIT . TORER, HilEDO FEICH
% DO OZENE, HERE, HKOWA, TFEDK
R EOERERN T OB 22 TEY, TNZTho
REIN T ORFEGEIIHT EICE R >TNA T ENHS
MTix->Tz. FRC, EFOAEMBRICHLUT 6 A~7
HIZHER DO BTN ENZ L, HEKE#ELd
2500, SIOMEZDOEDODFEIDIZL, FEOH
VKIS KB/ 7V 7 DR ZZTH LR E O A Z
BHERNTH A EAREENTZ. —77, 9 A, SIOH
SEERATBEDD, DO AT S 2D 9 AHIC
BIF5 SIOwAZ, BEEEICKSEHBDOANV
DWETERN TR —DDRKTH S LHIEN
fz. TOXII, HilED NE IRETSE R K
ZWiEITO1=DICIE, HTEOERNEETH ST
EDHLMNE STz, UL, mRDT—R 7AW TR
Mi7Z2AT>TeARZE T, 3 IOtz 55395
ICHleo TN Z ol 514, ABIZETARIARE
T2WFKOFEADE B IR E RIS MCT 5728, Bitth
PAEDBEE T IRV ER R TETHS.

HEOIC B Z/KE T — 21, Bz mE T E
TR R HE N [FH R R LTIV, CC
IR I DR 2R Y.

51 B X #

Diaz, R.J. and Rosenberg, R. (2008) Spreading Dead
Zones and Consequences for Marine Ecosystems.
Science, 321: 926-929.

FREFR R - AR T« BLEHETR (2000) AKE) 11728
9B E W FOKBLD IR E SEIC RIE R,
Laguna GRU/KERFZS), 13: 1-7.

R - 1IARK - « BIRSERE] - LSS (2005) SRIE
BNCIRIN AT B850 7 Z v 7 A LN IR EE D%
fb. K TEmSCEE, 49: 1249-1254.

Godo, T., Kato, K., Kamiya, H. and Ishitobi, Y., (2001)
Observation of wind-induced two-layer dynamics in
Lake Nakaumi, a coastal lagoon in Japan. Limnology,
2: 137-143.

Ishitobi, Y., Kamiya, H., Hayashi, K. and Gomyoda, M.
(1989) The Tidal Exchange in Lake Shinji under Low
Discharge Conditions. Japanese Journal of Limnology,
50 : 105-113.

LIRS « Pl — « S 5500 - L ZEETE (2000) Hrifg

40

FRIEINC B BB KU WSO ZE). [k
FHERE, 61: 129-146,

KT T — X X—XA : https://www.jma.go.jp

BEARHTE SR« P R M — i U (2013)
SRIEWIPE T PURB NS B0 B MR A R DK 28
fb. IKEREEZAREE, 36: 143-148.

] 2@ A AR 2T 2(2007) WHAIC I35 2 7Kk His
IKEE RO, WA R,

FUR R - BEFHEGED (2012) EEFE/KROERB LT
B ROV BRI T 230G E. i VR,
15: 1-21.

PP SR« AR OCIE I - MR TR SR - H RS T - W
. (2003) SRAEM - B2 E A @A EHE)
BUHKE T — 2 OMEE. Laguna (FU/KIHFZE) | 10:
101-107.

SHREUKER 2> 2 — (2008) LU, 45 1-4.

Simpson, J.H., Brown, J., Matthews, J. and Allen, G.
(1990) Tidal Straining, Density Currents, and Stirring
in the Control of Estuarine Stratification. Estuaries 13:
125-132.

% 2% (2001) FUKIHO/KERHE . mzd v i 1R
IKIEORE— il - FRET7Z2 1 & LT, pp. 19-37,
relebER, K1

UNESCO (1981) The Practical Salinity Scale 1978 and
the International Equation of State of Seawater 1980.
In: Tenth Report of the Joint Panel on Oceanographic
Table and Standards, UNESCO Technical Papers in
Marine Science 36, pp. 13-21, Sydney, B.C., Canada
1980.



