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JoT W WA A B 2 4 BT S5 DR 2% RN b 2R K G Tl
) KA SEME R &R, X TR R ER i T /K Z (7]
KRBT A B TP AE L T AR AU FRh &5 F 1)
SE T, B X ARCG RZR AL AKOK R B ST R AR D
PR I T IR AR TR G I 5 T 7KK 5T 48 A 22 (]
(YA ST DG R, 33X 0T R A U5 I X6 b 7KK B Y 5%
U o B N 7 O AL G YD B e e W 6 AR 67 S
(R 7K JBT A8 Ak B 70 TR S e LA o A L

BLAR 2 2 0 N A BB A H 280 5, Bk e it
R BErh 2 AR SR S R AR J Bk e,
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EAR BRI EE R, IR TR e e i &
FAE R, B T LA 2 > AT E PR L ORG BE 5
WP, HETC A 78 25 8 8 0 ] T oK 5 6 9
B /) W 5% : Mohapatra 55 P2 [L 38 T [ 35 W f 28 B
F 4 (ANFIS) | ¥R BE #t 22 9 2% ( DNN) il 32 7 o] 3 L
('support vector machines, SVM) X} 4 i AE 25 X 1l T 7K
K ASE 7R 75 P A Ak %) T 28R, 45 2R 3 ] DNN B85 (1)
I RICR S5 I, BE AT RN R 22 B0k Ml A2 25 DX H R 7K
B2 AR A Tran 558 &1 PPAS T REHLERAKIETH (RFR)
% i A H FH A% 01 9 ( XGBR) | CatBoost 53 Fll 4% 4
FE BB 815 (LGBR) 4 Fh ML A% 2% > J7 X6 B R VR 2
TR b DX Ml T 7K R BE G I A% 2R, Herh CatBoost 557 1
R B B (X7 AR IR 22 RMSE o4 205.96, $5E R ACH R*=
0.84) . TE 7K T i B A5E v, 7K 5T 040 R 24 15 A8 i 1] ) O
RAEAE SRR LR, MIHLES 2% 2T 16 35 AT DAAR L b fie o
SR AR M PN, F W5 R, Hlas 7 T BE T
Al E AT 2K B 6 A E A B A HERR TR, BE T K
(IR TRIFDRG 1. Wang 462 %31 T —Ff CA-NARX 3%,
SR FH SCHE A 2 25 R 2 AR XK A BB R AR B R AT
o, GRAE IR KR KT ZE K& FEN 4 4
LA, R A IE [ 30 25 0] 3 P28 9 28 X 7K AR o TN
FTP #EAT UM, AT T8 RS BE . BRI S AR
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FHBLES 2 2 %S5 R Fi b 3R AKOK Bk 47 el A, AR /D
A S AL 2 ERE B 5 3R 7KK Bt g A
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] A ¢ R0 A R T i — 2D R 5T

A SCUAEAR ST T 5 4> 3l 57 2018—2020 4F 4 F K
VRl SR S TR B N TR &V & L DR
BP( back-propagation) #fi & [ 4% | [ #L £ #K ( random
forest, RF) . SVM 43 544 & Hb T KK B AR /72
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<30 mm. B L, BEK Y % AR I sh B SR X R TR
T 28 4 U1k B a3
1.3 KEREIE R T 2018—2020 4F a] 14 A Hr 1l
5 A U AR RUBE B 52 K B B HL R S e R
pH. GLBE B | 5 f Pk BRI . By . Sk . Fel
Mn, Cu, Zn. Al, ¥ &R . BI& FREIGER . &
R AR R AR P Gk ¥ A0 Na S5 3L 18 FK
TR A AR . AR SORE S 7K S5 2 500 AT R SR AT R
S e 7 P AT AT Y 7K 5T A B ok #) K R 51 Y
KSR , 437K 5T S 45 R An 2k 2 R
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ARSI BP #1222 | RF Al SVM 3 F i FH 9
HLAS 27 2 7 i 047 AR, % 2018—2019 4 114 512 il b
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50 - R 480 42 e EL
—— R T AR b Rk \ vy o
45t —_— Bjﬁ’ﬁyﬂ‘?‘l S i R —— HF&/KE=0.1 mm IsA] 1 =~ 100
B R 360 —— K HBEKE ﬁ £
30 118& |75 £
% g s |
Z 15F = 240 f E %
2= 18 112 = 150 &
T of ﬁ K o
= 120} ] <
-15} 16 2 125
s
=30 of 1o @ 1o
2015 2016 2017 2018 2019 2015 2016 2017 2018 2019
A A
E1 EAHHEESKEFEIT
x2 KRZNHE
it CREERTE] pH  EMEEE/(mg - L) BMMESEA/(mg - L) BiERER/(mg - L) EMM/(mg - L) #R/(mg- L") Hi/(mg- L)
2018-09-14 6.400 49.500 78.000 3.260 1.350 10.400 0.330
mE 2019-07-25 6.500 42.100 190.000 4.310 1.900 9.900 0.450
2020-09-28 7.570 56.000 272.000 3.320 2.100 1.190 0.560
2018-09-23 6.500 75.700 98.000 0.160 0.410 3.210 0.790
k% 2019-07-18  6.800 84.900 266.000 0.798 0.665 5.360 0.180
2020-09-15 7.900 104.000 384.000 3.160 0.700 17.000 1.370
2018-09-23 6.500 57.100 73.000 1.010 0.470 2.060 0.320
K 2019-07-18  6.800 40.200 192.000 1.510 0.814 18.500 0.340
2020-09-15 7.300 96.000 155.000 3.830 0.700 13.600 0.660
2018-09-23  6.600 57.500 81.000 3.290 1.570 2.250 0.270
YL 2019-07-20 6.800 54.700 2488.000 3.220 1.650 14.900 0.140
2020-09-15 7.300 110.000 2974.000 3.400 1.800 11.800 0.570
2018-09-23 6.500 53.500 97.000 16.200 8.160 4.060 0.680
fEE 2019-07-20  6.600 42.200 112.000 10.300 5.300 23.400 0.760
2020-10-08 6.900 76.000 340.000 6.700 5.700 20.800 0.910
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(radial basis function, RBF), 1% 5 & 1] Z % Cost M 1,
#%Z % Gamma H 0.1.

3 BREDH

F4F ] BP M 2 W 4% . RF. SVM T 2 4 4% 7 [\) i
fx) Ja W1 R 2015—2019 4F & H /K 5t 5 P8 00 °F 34 (8 A
2020 A S K 5T s BEAT X E, A5 3 45 0K BT S Rk
TR BIL A5 2 > A5 A 78 S [R) s I 30T A9 RS 3 S0 T 245

R(E3).
SRR, R AR RIALES 2 2] J5 ik @0 b T 7K
TR BT 2 5500 TS B A A R e AN [ bR K K
El5 SVM £ SR S A @A R AN, pHL BVRE | Sk
Fe I i & K 1 BP #ilt 28 W) 2% 338 47 g A% (pH: R*=0.225,

®3 KESHRBEBERLRLEGR

K(x,, x)

. . BPHIZ 4% RF SVM
KIFSHL i a1/ A
R’ RMSE R RMSE R RMSE
0 0.002 2.005 0.001 0.931 0.012 0.905
1 0.050 3.086 0.005 0.881 0.018 0.897
H
P 2 0.225 2411 0.013 0.903 0.017 0.898
3 0.136 1.556 0.024 0.888 0.016 0.899
0 0.294 44.660 0.380 35.336 0.362 36.089
) 1 0.499 49.019 0.330 36.474 0.357 36.354
R )
2 0.503 47.973 0.361 36.161 0.358 36.309
3 0.299 40.900 0.351 36.615 0.358 36.292
0 0.995 891.799 0.996 950.470 0.995 815.484
) ) 1 0.996 885.855 0.994 674.660 0.995 769.421
o fRE L E )
2 0.995 880.187 0.995 802.907 0.995 777.200
3 0.994 842.341 0.994 724.839 0.995 780.221
0 0.898 3.040 0.908 3.788 0.899 3.477
§ 1 0.886 2.485 0.906 3.753 0.896 3.371
p(BRERER)
2 0.889 1.737 0.898 3.448 0.896 3.389
3 0.831 3.111 0.892 3.270 0.897 3.396
0 0.886 1.154 0.981 0.734 0.985 0.573
1 0.994 0.544 0.983 0.709 0.986 0.519
(G AL)
2 0.975 1.173 0.985 0.558 0.986 0.528
3 0.964 0.427 0.987 0.466 0.986 0.531
0 0.000 8.978 0.073 9.215 0.000 8.208
(Fo) 1 0.082 8.744 0.050 8.370 0.004 7.908
Fe
p 2 0.302 7.772 0.000 8.124 0.003 7.957
3 0.005 8.642 0.015 7.644 0.002 7.976
0 0.262 0.945 0.522 0.429 0.336 0.457
1 0.054 1.073 0.173 0.490 0.276 0.467
p(Mn)
2 0.114 1.112 0.319 0.460 0.286 0.466
3 0.000 0.676 0.221 0.477 0.289 0.465

TE: OfCFR M 24 TGRS H K BTHEATRARE, 1, 2, 340 AR AT 2. 3D H A4 A 24 H /K BTEAT 245 RMSERYSRALRpH M 15h,
REB AL ymg - L
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RMSE #j 2.411; MA# . R*=0.503, RMSE 4 47.973 mg *
L & 1L%: R*=0.994, RMSE Jj 0.544 mg « L' &k: R’=
0.302, RMSE }y 7.772 mg + L), Wi Rk Fl 4% e 18 & R

FH RF ghA7 34 (B R £h . R?=0.908, RMSE 4y 3.788 mg *

L'; Mn: R*>=0.522, RMSE }y 0.429 mg - L") . Itk 4b,
BP #Z  2% . RF F1 SVM X 145 i 4 5 [ 44 i 79 00 3%
B 5 4 ( R*=0.994~0.996, RMSE 4 674.660~950.470
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Machine learning to predict groundwater quality

XIAO Yi” GUO Yahui” LI Mingwei” FU Yongshuo” SUN Feng”

( 1)College of Water Sciences, Beijing Normal University, 100875, Beijing, China; 2 ) Information Center(Hydrology Monitor and
Forecast Center), Ministry of Water Resources, 100875, Beijing, China)

Abstract Groundwater quality data ( pH, total hardness, total dissolved solids, sulfate, chloride, iron and
manganese) and meteorological data (average temperature, minimum temperature, maximum temperature, average
minimum temperature, average maximum temperature, daily (20:00-20:00) precipitation, daily precipitation = 0.1
mm days, maximum daily precipitation) were subject to analysis by machine learning models, using BP neural
network, random forest and support vector mechanism. For each groundwater quality parameter, different machine
learning algorithms were used to simulate data in different lag phases, results were then compared with measured
groundwater quality parameters. Machine learning model with highest accuracy and corresponding lag phase were
selected as the optimal model. Different machine learning methods and choice of lag phase were found to have great
influence on prediction accuracy. BP neural network showed the highest prediction accuracy for pH ( R* = 0.225,
RMSE is 2.411), total hardness ( R* = 0.503, RMSE is 47.973 mg - L), chloride ( R* = 0.994, RMSE is 0.544
mg + L) and iron (R* = 0.302, RMSE is 7.772 mg - L™"). RF showed the highest prediction accuracy for sulfate
(R*=0.908, RMSE is 3.788 mg *+ L") and Manganese ( R* = 0.522, RMSE is 0.429 mg + L™'). All methods used
showed good predictive performance for total dissolved solids ( R* = 0.994-0.996, RMSE is 674.660-950.470
mg - L™'). The best lag phase of sulfate and Manganese monitoring model was 0 month, the best lag phase of chloride
monitoring model was 1 month, the best lag phase of pH, dissolved total solids and total hardness monitoring model
was 2 months.

Keywords groundwater quality; BP neural network; random forest; support vector machine
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