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Abstract — This study empirically analyzes the impact of Emission Control Areas (ECA) and Vessel Speed
Reduction (VSR) programs, implemented in September 2020, on marine water quality. Using marine moni-
toring data from 2011 to 2023, a fixed-effects panel analysis was conducted on five major ports: Ulsan,
Busan, Incheon, Yeosu-Gwangyang, and Pyeongtaek. The results show that the implementation of ECA and
VSR policies significantly reduced Total Nitrogen (TN) concentrations (average decrease of 145.311 pg/L, p
< 0.10), indicating that air quality improvement policies can positively affect marine water quality. However,
the policy effect on Total Phosphorus (TP) concentrations was not statistically significant. Vessel traffic
showed a positive correlation with TP concentrations but was not statistically significant for TN. These find-
ings suggest that the reduction in nitrogen due to air quality policies also affected marine TN concentrations.
This study empirically demonstrates that marine environmental policies aimed at improving air quality can
also positively impact marine water quality. It highlights the need for future environmental policies that inte-
grate air and marine considerations. The findings can serve as a basis for expanding the environmental poli-
cies currently implemented in the five major ports.
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Table 1. Harbor station information
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H LR} | HK 1437 35°06'13" 129°02'54" HO1

B R ) HK1438 35°06'38" 129°03"28" HO02

H AR 33 HK 1439 35°07'24" 129°03'50" H03

b E) Fabdat HK 1435 35°05'35" 129°01'46" HO1

TR Bl HK1436 35°05'05" 129°01'57" HO02

FAEIT| HK 1433 35°04'52" 129°59'44" HO1

Pz ) HK 1434 35°03'57" 129°00'08" HO2

HARA gF HK 1431 35°04'28" 128°48'05" HO1

s}okak HK1129 34°51'45" 127°44'25" HO1

o) . sparar o] A | HK 1126 34°44'50" 127°45"21" HO1

Tiow S ENLP) HK1127 34°45'05" 127°45'10" HO2

oF4E 3 HK1128 34°44'35" 127°45"26" HO3

9413} 9 A1} HK1520 35°31'09" 129°22'43" HO1

o1 g o1z gk HC0139 37°29'38" 126°37'04" HO1

7 el 5} el gf HC0140 36°57'33" 126 49’ 60" HO1
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o TP e g/l 50.27 23.00 21.30 140.24

Policy PERE] 031 0.47 0 1

Temp o T 16.16 1.88 12.20 19.96

Salinity ol %o 30.12 2.56 23.28 33.47

pH ZrolL ey 8.08 0.51 7.65 8.57

N COD s}era Ao ek mg/L 1.82 0.58 0.69 3.70
THET DIN N N EES g/ 385.89 361.13 40.62 1881.58
DIP &= 17)el g/l 29.27 21.86 5.62 139.28

CHL Zz2y g/l 4.20 2.66 0.59 12.34
Si TAF 2 g/l 502.32 287.70 124.95 1430.05
vessel ure] %8 22 51886 26635 16473 100875
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Table 3. Results

TN TP
Policy -145.311*(54.735) 2.335(1.855)
Salinity -11.652(7.063) -0.567(0.542)
Temp -7.741(10.779) -0.168(0.434)
pH 52.695(248.107) -5.601(13.534)
COD 72.868(76.954) 3.758(1.813)
DIN 0.667(0.321) 0.010(0.009)
DIP -5.562%%%(1.032) 0.670%**(0.041)
CHL 7.567(13.978) -0.067(0.438)
In_vessel -438.833(303.489) 28.366*(11.654)
TP 8.669%(3.447)
Si 0.199(0.162) -0.016*(0.006)
N 0.017*(0.007)
Constant 4606.128(2929.862) -221.885(108.383)
Observations 65 65
R2 0.756 0.832
rmse 161.090 7.181

Standard errors in parentheses
*p<0.10, **p<0.05, ***p<0.01
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Fig. 1. Changes in total nitrogen (TN) and total phosphorus (TP) concentrations
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Fig. 2. Changes in NO, concentrations in harbor areas.
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