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Korean Waters and Long-Term monitoring Stations

-
1 ‘-0 L
OAD ”
LB B ll‘
"
L B .
.I
.
L '..:
. LN BN LR
ES
ES09

e ar

OA05

 OAD '
.o UL

) S " <
030 AaTEER » &

Code

Arca

CA01
CAO02
CAO03
CAM4
CAO05
ESO1

ES02
ES03
ESO4
ESO5
ES06
ES07
ESOS
ES09
ES10
ES1]

ES12

ESI13

ES14
ESI15

ES16
ES17
ESI8
ES19
ES20
ES21

OAD]

0A02
0OAD3
OA04
OA0S

West Sea Central Coast
Southwestern Coast
Korean strait Coast

East Sca Coast

Jeju Coast

Han river Estuary
Garorim Bay

Cheonsu Bay

Geum River Estuary
Hampyeong Bay
Yeongsan River Estuary
Doam Bay

Deungnyang Bay

Yeoja Bay

Gamak Bay

Seomyjin River Estuary
Jinju Bay

Jinhac Bay

Nakdong River Estuary
Tachwa River Estuary
Yeongil Bay

Yongdeok Osimcheong Estuary
Wangpicheon Estuary
Samcheok Osimcheon
Gangneung Namdaecheon Estuary
Yangyang Namdaccheon Estuary
West Sea central offshore
Southwestern offshore
Korean strait offshore
East Sea offshore

Jeju offshore

31 areas of Korean waters issued by the Marine Environmental and Management Act of

Korean
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Korean Waters and Long-Term monitoring Stations
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Water quality parameters: T, S, DO, NO3, PO,

Period: 1998~2020
Depth: 0 m



Data Processing & Dynamic Factor Analysis

Step 1
Data acquisition

Long-term water quality data
from 1088 stations
(T, S, DO, NO,, PO,)

3

Dividing 31 subareas

of Korean territorial sea and EEZ

Step 3
Dynamic factor analysis

i

Dynamic factor analysis of 29 time-series data of each
WQ parameter and three climate indices

2

availability

Selecting 26 subareas by data

4

_ [N time series]
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five WQ parameters by 26
subareas

Annual ('98~'20) geomeans of

2

Commontrends and loadings for each WQ and
three Cls

l

Time series of five \

WQ parameters
(T, S, DO, NO;, POy)

- A e

Time series of annual
climate indices
(Cls: PDO, WP, NPGOQ)

o _ e LN, I‘l'l‘
: e :' 29 time-series (26 subareas + three m

gy e Cls) for each WQ parameter combined
£ ..i:..__." 2| with three Cls (five datasets)

Step 2

Compiling time series

+ [Noise]
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[M common trends] [N X M Loadings|




Normalized T-Time Series & Climate indices
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Common Trends for T-Time Series

[Common trends] [Factor loadings]
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= Three common trends for T-time series in 26 areas
» The close relationship between T1 and PDO index



= Dominant Areas for Each Common Trend of T

. CA02, ESO1~ES11,
ES13, ES15
CA02, ESO1~ES10,
T T2 ES15
T3 ES14, ES15. OA02

= The dominant areas identified by criteria of = 0.3-factor
loadings of common trends and = 2.0-ER ratios

Y =210+ ZipQayp T +25,0p, Tey
¥
Y = Zoy T g

ERratio= 3 i/ Dy

Z: factor loadings (N x M)

a,: values of the M common trends at time t

e: N X 1 noise component

y.: N X 1 vector containing the values of the N time series at time t

MFagn

nEAN
(OADS)
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Normalized S-Time Series & Climate indices
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Common Trends for S-Time Series
[Common trends] 1.0 [Factorloadings]
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=  Four common trends for S-time series in 26 areas
= The close relationship between S2 and NPGO index



WQ
parameter

Common
Trends

Codes

S1

CA01~CAO03, CA05,
ES01~ESO03, ESOS,
ES10, OA04, OAO5

S2

CAO02, CAO5, ESO1,
ESO03, ESO7, ES11,
OAO01, OAO02,
OAO04, OAO05

S3

CA02~CAO04, ESO3,
ES04, ESO08~ES13,
ES15, OAO01, OA04

S4

CA01~CAO04,
ES01~ESO05,
ESO08~ES10, ES14,
ES15, OAO01,
OA02, OA04
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= The dominant areas identified by criteria of 2 0.3-factor

loadings of common trends and > 2.0 ER ratios
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Normalized PO,-Time Series & Climate indices
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Common Trends for PO,-Time Series
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Four common trends for PO,-time series in 26 areas

The close relationship between P1 and WP index
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Dominant Areas for Each Common Trend of PO,
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= The dominant areas identified by criteria of =2 0.3-factor
loadings of common trends and > 2.0 ER ratios



Normalized NO,-Time Series & Climate indices
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[Common trends]
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[Factor loadings]

= Two common trends for NO,-time series in 26 areas
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= NO;decrease trend (N2) associated with water quality improvement policy (ex. Total
pollution load management system)
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Dominant Areas for Each Common Trend of NO,
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= The dominant areas identified by criteria of =2 0.3-factor
loadings of common trends and > 2.0 ER ratios
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Normalized DO-Time Series & Climate indices
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= Two common trends for DO-time series in 26 areas

Common Trends for DO-Time Series

[Common trends] [Factor loadings]

1.0

DO increase trend (D1) associated with water quality improvement policy (ex. Total pollution

load management system)




Dominant Areas for Each Common Trend of DO
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= The dominant areas identified by criteria of =2 0.3-factor
loadings of common trends and > 2.0 ER ratios




Similarity of Long-Term Water Quality Trends
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[Multi-dimensional scaling ordination results for three
climate indices and 26 areas based on similarity of
loading factors of 15 common trends]
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The similarities of long-term water quality trends are high in the geographically adjacent

Differences in the water quality trends between the coastal and offshore regions
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Summary
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Long-term common trends of water quality in 26 areas of Korean waters were identified

- Three for T, Four for S, Four for PO,, Two for DO, and Two for NO,

The common trend dominant in the T time series in the estuary and bay areas of the
Yellow and South Sea, S time series in the offshore regions of the Yellow, South, and
East Sea, and PO, time series in the coastal areas of the Yellow Sea was related to the
PDO, NPGO, and WP index, respectively.

The similarities of long-term water quality trends were high in the geographically
adjacent estuary and bay areas. In addition, the results on similarities show differences
in the long-term trends between the coastal and offshore regions. The differences were

more apparent in the Yellow Sea compared with the South and East Sea differences.
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