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Using XAI to Select Pollutants of Total Pollutant Load management
System (TPLMS) in Special Management coastal Zone (SMCZ)
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Abstract — The Ministry of Oceans and Fisheries reports on the status of special management coastal zone every
year. Currently, Korea periodically utilizes the data from the marine environmental measurement network to iden-
tify the extent of marine pollution to establish and evaluate the total pollutant load management system for special
management coastal zone. However, as a result of the operation of the marine environmental measurement net-
work in 2016 by the Ministry of Oceans and Fisheries, most of the waters maintain relatively clean water quality
with a water quality index (WQI) of 2 or higher. However, among the special management coastal zone, some
peaks that are directly affected by the influx of land-based pollutants, such as the coast of Ulsan, the inner part of
Masan Bay, the inner part of Sihwa Lake, the waters of the Nakdong River estuary, and the coast of Mokpo at the
mouth of Yeongsan River, partially show results below WQI 4, indicating that measures to improve water quality
are needed. This study identifies the current status of marine pollution sources in special management coastal zone
through XAl (explainable artificial intelligence) analysis using data on special management coastal zone from the
Marine Environmental Measurement Network, identifies the main pollution sources, and proposes a new direction
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for the decision-making problem of selecting pollutant targets for the total pollutant load management system. In
addition, by deriving the impact of each pollutant and creating the marine pollution index, I was able to explore
ways to establish policies such as selecting candidate sites for special management coastal zone in the future and
derives future-oriented solutions to manage marine pollution. I was able to collect and refine marine environmen-
tal data affecting the marine environment, such as WQI, COD (chemical oxygen demand), and P (phosphorus), by
time series, and analyze which marine pollutants have the most influence in the current special management
coastal zone through XAl to propose a new direction for the decision making problem of selecting pollutant tar-
gets for the total pollutant load management system for each area. Also, Based on the marine pollution index,
which reflects the impact of marine pollution sources, Al modeling to predict marine pollution one year from now
was used to select candidate areas for future special management coastal zone and derive solutions for managing
the selected special management coastal zone.

Keywords: Machine leaming(™ 4 2]'3), Time series(*| Al &), XAI(2 9 7} ¢ <13 A|5), Marine pollution(
3l ¥ 2.94), Marine pollution index(3] &2 % Z]5), Total coastal pollutiant load management system(% 2t 2 %
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Fig. 1. Gwangyang Bay/Incheon Coast COD graph by year.
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Table 1. Types of pollutants to be managed by total quantity control plan period by special management coastal zones
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Table 2. Columns and marine observation point names information of data

Columns

Marine observation point

3971
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A7, A%, ASUE, $54, AL 94, @, 4,
FRE@m), 5 (0O)ET, T7(CAT, d2ET, AT, T4
IR FERT, FAO|LFEAT, ML FH(g/L)RT, §2A
2% (ng/LAT, 33 . TH(ng/L)ET, S A AL T
(mg/LA S, R M Al (ug/L)ES, HEH M AL (ug/L)A T
, P A & (pg/L) BT, ot 2 A 2 (ue/L)A S, A3 AL
(ug/L)ET, A AL (/A T, §EF71 A (/L) ESF, &5
T2 2 (ug)AT, T2 (ug/L)ET, TAL(ug/LAT, §EF
71 (peg/L)RZ, 571 A(uesL)A T, A (ue/L)RZ, FU(ue/
DA, AT A (ue/L)BEZ, AR (ug/L)A &, 37 B2 (ne/L)
S, FHEAm/LA T, 22 A(Le/L)ES, WQISF

7t295k~6, 7}tk 1~5, A 1~4, AT 1~2, 745 1~7, 7S H A &
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1~8, 3F9Fk1~12, 7+ EX1~2, T4H1~10, 713 1~4, Y514, S5 73}
T1~10, B3l 1~5, thik1~4, ) A 1~3, =dat1~6, 530 1~4, S0t
1~5, bRk ~15, B ¥ 1~8, F¢H~3, K& 1~4, §4F1~17, AL 14,
A 14, A @ AHET1, A H E1~3, AR e 1~10, - AE1~2,
£ % 1~4, N33 1~10, A H1~2, A -2, o}ik~5, SFaF1~4, ok o]
A1, A 51~5, AT 1~3, P LR ~12, 4H1~9, S E1~5, G
A1, &4 ~12, €32 1-2, 9 123, AFE1~8, AF1-3, T3
1~3, FEA1~5, T8 1~6, A T 1~4, AFTH~13, AFTH~7, FAL
1~2, Hl¢t1~5, 5 1-4, T 2] ¢H~6, B 1~2, 3 1~3, FHTH1-4,
3fg1~2, W ek~4, FE 1-2
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Fig. 2. Research flowchart.
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Fig. 3. Data frame representing the top 5 data.
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Table 3. Features and Target in a Binary Classification Model

Feature

Target (SMA)

3571

271

P2UE, B2 9N, £, EYEm), $E(0)RE, FE(0)AS, GRES, A¥AS, $AOLEERS, $20]

LEEAZ, SENEFgLES, FENLF(g/LA S, AL Q THmg/L)EE, SBHE AL Q TR LA S,

GEY M A A (pg/L)EF, FEY M A S (ue/L)A F, P A2 (ug/L)EF, PR AL (e/)A T, A AL 0,1
(eg/LET, A AL (LA T, §EF 71 AL (ug/L)ES, §ETF7| A L (ue/LA T, T2 (ue/L)ES, T H (/L) "
A%, EEF7] A(ueL) BT, EEF71 QLA 5, TA (/L) EF, TA(e/L)AF, AT 2(ug/L)EF, A2

(eg/LAS, T E2(ng/L)ES, F 2D (ng/L)A S, EEZET A(ug/L)ES, WQITH
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Fig. 4. A data frame containing yhat(MPI one year later) columns.

Table 4. Features and Target in a Regression Model
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3|7 o] UurAQl LarElEeli= 418 )7 (Linear Regression),
W FYAE (Random Forest) 5°] Ut} 1831 57 Fde] 3
7} A E= R2 score, MSE(Mean Squeare Frror, 7 A& 241,
MAE(mean absolute error, % ¥t} 22, SMAPE(Symmetric
mean absolute percentage error, th% e A ¥E-& 23} 5ol
uct.
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3285 2098 3366 33200 32836 4980 2420 085 20 16874618 17479176
5115 4154 5767 36730 36702 2230 5330 084 20 18436619 17352797
28.61 3872 3320 37114 36196 2540 3670 012 20 17691317 18496774

Feature Target(1'd 5 MPI)
3671 4
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2, FRUPIA L (ug/L)EF, FEU oM A2 (ug/L)AS, b A 2 (ueg/)ES, oFAAA A2 (uy/L)A S, AN g
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Table 5. Comparison for performance of four ML Models
Logistic Regression Random Forest X GBoost LGBMClassifier
max_depth=100,
- i max_features='log2', learning_rate =0.1,
Hyperparameters ¢ m;f:’ ?tzrnait%wﬂ, min_samples leaf=2, n_estimators=100 n_estimators=1000,
— min_samples_split=5, colsample_bytree = 0.8
n_estimators=50
Accuary Score 0.8103 0.8261 0.8363 0.8359
Table 6. Random Forest Model performance results
Precision Recall fl-score Support
0 0.91 0.98 0.94 1179
1 0.88 0.64 0.74 321
Accuracy 0.90 1500
Macro avg 0.89 0.81 0.84 1500
Weighted avg 0.90 0.90 0.90 1500
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Fig. 5. Special management coastal zone 1) Busan 1.
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Fig. 10. Force plot feature importance.

Table 7. Attribute importance numbers for each feature

A1 T/ EZ T (uegL)ES FH5E(m) AEYoMJ AL ug)BES SEEIAEYLES
Z9%  0.096468024801441 0.0889833550794503  0.0619450939490201 0.0554878550385068 0,0483941619834996
A FTAL(LAF ol &AM A (ug/L)ESF FEYMIA 2 (e/LAT AEAT LEF7R(gLES
29T 0.0452737795926698 0.0409440946049936  0.0400123562801915 0.0381867758707336  0.0352276241632071
A oA LAF dEES TR A (e/)EZS EF7 A ()ES T ReLAS
Z9%  0.032127368906183 0.0317013057306014  0.0280431429753741 0.0277054564938618 0.024890603 1785129
A FAE=2mgLAZF LEF7 A2 (eLAF F=(CHZ SR T mgL)ES TR0l EEAS
ZQ%  0.0232982766594573 0.02191550234479%4 0.0204834411065519 0.0190066716696746  0.0188362743564809
A T2 (ORF AN A A (o) ES A= SEF7RM AT SEASF g D)AS
Z9T  00187103310413049 0.018136032512559 0.0179222770205847 0.0164519764699297  0.0156729911685417
A4 A THmg/) AT FAEA(mLES FO| L FERS A A2 (A S 4

ZQ%  00155353193060728 0.0155016041565071 0.0147310835420104 0.0137658647767218 0.0133917024780263
A SN F (e )ES ] WQIs = #43dc @x

SR 0.0126715332475735 0.0110094784774422 0.0067026443703893 0.0066152577040255 0.0042507389431043
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Fig. 11. Pearson’s correlation coefficient figure (Above)
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Fig. 12. Total nitrogen surface and MPI mapping (Below)
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Table 8. Performance of the quadratic model 2
R2 (2R Ax) P wax HFT R2 MSE MAE SMAPE
Score 0.7123 0.7113 2.1913 0.8721 4.1620
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Fig. 14. Visualize the top 10 coastal zones for MPI increase and decrease.

Table 9. Percentage increase or decrease in MPI and latitude and longitude of TOP10 coastal zones

44 22852335 57 8]-8(%) R )
AA%E 6 18.486268 3497222 127.76250
A A& 18.066257 34.94083 127.77111
3778 17.374226 3495278 127.77222

g3 5 16.604971 3729333 126.75611
ARAsT5 15.637060 34.98361 127.77306
AR7ZsT7 13.007639 34.95778 127.75056

34 9.646000 35.11167 126.38389
AAZFETE10 8.678656 34.92667 127.77639
A7 T4 8.656328 34.99000 127.77778

L2 bl 7.670154 35.15278 126.36111
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Table 10. Marine pollution sources by MPI impact in the top 10 coastal zones
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Fig. 19. TOPS) Sumjin river estuary 5 Force plot.
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Fig. 24. TOP10) Hampyeong 1 Force plot.
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