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Abstract [ Objective] In order to study and predict the risk of eutrophication in the water of the Yellow River diversion reservoir in
the lower reaches of the Yellow River, and further improve the monitoring, early warning, and emergency response capabilities of water
source quality, a model construction research and application of the sparrow search coupled extreme gradient boosting algorithm ( SSA-
XGBoost) were carried out. [ Methods] Taking two typical Yellow River diversion reservoirs in Jinan City as the research objects,
using their water quality historical data and meteorological data from 2013 to 2022, targeting their high total nitrogen, high nitrogen
phosphorus ratio, high algae and other water pollution characteristics, the XGBoost algorithm with high computational efficiency and

excellent predictive performance was adopted, and the sparrow search algorithm was used to optimize their four parameters. The key
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factors affecting eutrophication, such as physical and chemical properties, nutrients, and solar radiation, including water temperature ,
pH, dissolved oxygen, permanganate indicator, turbidity, total phosphorus, total nitrogen, ammonia nitrogen, nitrate, nitrogen
phosphorus ratio, 7 day average sunshine hours, 7 day average total solar radiation, and other 12 indices were used as input variables
for the model. A prediction and early warning model for water eutrophication suitable for two Yellow River water diversion reservoirs in
Jinan City had been established. [ Results ]
was 4.25 wg/L, the average absolute error (MAE) was 3. 19 pg/L, and the goodness of fit (R*) was 0. 77. The prediction accuracy

The root mean square error (RMSE) of the SSA XGBoost eutrophication prediction model

was better than that of the BP neural network model and support vector machine model, and the accuracy of chlorophyll a level
prediction could reach over 85%. The variable that had the greatest impact on the chlorophyll a prediction result of the two Yellow
Overall, the SSA XGBoost

eutrophication prediction model has high accuracy, good performance, and strong practicality. The construction and application

River diversion reservoirs was pH, followed by nitrate, and then permanganate index. [ Conclusion ]

research of the model will provide reference and basis for algae risk prediction and early warning in two Yellow River water diversion

TESEervoirs.

Keywords diversion reservoir of Yellow River SSA-XGBoost
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Tab.1 Numerical Characteristics of Each Variable

iH ¥E  BKME RBME bR
RE/C 17.6 28.8 1.0 7.1
pH {H 8.36 8.70 7.71  0.16
B/ (mg L) 8.8 12.3 6.4 1.2

RARTRERIE R (mg-L7T')  2.85 6.42 .92 0.59

BAR/ (mg L") 0.14 0.32  <0.02 0.07
M/ (mg-L7) 0.021  0.093 <0.010 0.010
HMAE/(mg-L7) 2.72 4.77 0.77 0.81
AW 172.5  926.0  26.6  145.6
BRER/ (mg-L7") 2.07 3.86 0.49  0.78
MU/ NTU 3.2 12.80  0.50  2.36
M4 o/ (ug L) 10.1 60. 2 1.5 9.0
7 d SSD ¥J{ii/h 6.35 11.7 .67 2.25

7dIHE/ [ M- (m?-d)™']  16.4 26. 1 5.46 5.11
T AR/ N TG SR, JA8 R AY 1/2 AT 5840 Hr
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Tab.2 Results of Correlation Analysis between Indicators
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Fig. 1 Comparison of Testing Results of Prediction Models for Water Body Eutrophication
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Tab. 4 Sensitivity Analysis of Input Variables

RMSE
At
-30% -20% -10% 10% 20%  30%
22 1.10 1.02 0.98 0.42 0.47 0.54

pH 4.11 3.30 2.60 1.90 3.90 4.89
AR 1.36 1.01 0.74 0.97 1.88  2.13

EARRREMES. 162 1.45 1.36 152 1.78 2.32
HA 251 2,17 1.22  0.30 .12 1.30
pey 0.83 0.72 0.61 0.17 0.20 0.28
MA .54 1.15  1.12  1.06 1.33 1.16

fifEREh 2.21 2.03 1.83 1.88 1.90 2.82
T .13 0.77 0.45 0.32 045 0.76
AL .09 0.82 039 071 0.74 0.85
7dSsD#{E 0.82  0.66 0.30 0.12 0.11 0.15
7dI¥E 1.43  1.23 0.8 0.70 0.8 1.00

2.3 AR FMEIEHIE

gt — A AIE SSA-XGBoost 155751 it T INRS 2 I
IO X7 [ PR A DA I 2 3R 5 o9, SR i B
RIS a W GbRiE, BRI 5 iR,

I FASE RS BEHLIN Y 20 SREAS (7K R & 5 74k
REPEHEATAF I | SR MEE AN 6 s, KA
HE SRR B R R 85% LA A 3 AL
B 10 T S5 25 A i 22, {EL i 2 L AN PR T A AT A 4
ZIA A1 S R ARG T g, T AF 2 1T
;A 2 IS 12, T 454 T 2%, #& 4k
b TN AR GO R, S MR
F®5 ETHRE a R EFMSIRE

Tab.5 Eutrophication Classification Standard Based
[20]

on Chlorophyll a

BIITHR FRifES I M4 o/ (pg-L7h)
WHEFR | <1.6
hE SR I 1.6~10
BEER | 10.0~26.0
R E R \1 26.0~64.0
HEETF \Y 64.0~160. 0
e i 7R £V >160

R 6 KK E A AT FEH L
Tab. 6  Prediction Level Results of Water Body
Eutrophication Model

SLIE/ (pg L) BN/ (pg L") SSPREEG PSR
4.4 4.05 I I
4.45 3.72 I I
L5 4.38 I I
16.9 21.56 I Il
28.6 30.19 I\ I\
5.01 3.08 I I
18.6 16. 57 I I
1.5 1.57 I I
19.6 22.32 m m
6.8 11.35 I I
22.1 21.30 n n
38.3 27.48 v I\
11.6 14.47 I m
7.1 10. 81 I Il

13 15.90 m Il
4.2 4.47 I I
7.1 8.72 I I
L5 1.08 I I
4.9 7.02 I I
19.8 17.27 I I

TE Y4 a STIE/ N T 52005 3 pg/L (RKG: H BR A, 45246 ) BR
1 172 475550 #
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3 g

FFE WO S 38 T BT T Ui 2 51 ¥ K % 2013
AE—2022 4F (1 7K J5T Iy s Bdi b S 8, DL 12 A4
S KR 2R 3 a 0 5 1938 AR AE 15530 1) g A TR
F,oRHABEAIZAGE ok AR s SRS
XGBoost 1%, I HA SSA Bk HlB S B ikiT 5
e A 7B TR i 2 RS EOK R & S Rk T
D 751 4% SSA-XGBoost A5 7Y | 455 71 DF Al 25 S K 1,
SSA-XGBoost BEAIPEREIL T BP i 28 B 26 Al SVM A5
A BRI R* S 0.77, RMSE N 4.25 pg/L, MAE &
3.19 pe/L, VERRECF K BE Ay, B BURE S By
FHH 0T 2 JET | K PR 2R 3 a TH0I 45 SR 52 Ml Fe K
AR 5k pH, RO RS TR EL , P-4 MUK o v i R
SR AR EA RER T A T IE IR A
7 d SSD ¥IEFZ M AHXT AL /N, BRSSP 6 Uk 25
W 2 FE a ST AER 0] 35 85% LA I, A5 Al
SRR

SSA ik B BRI AR S FERCR 2 R
BT AT P AR T PIA% 4 & JEHGE & XGBoost
XESH L JLR R, ARUFFEHES SSA
55 XGBoost 2 FPET REHL A% 2 2 A @A AL AL
P54 T XGBoost LS EMLALEF N TIA5 5 M A% 48
FARRE A B AR B T BRI RRCR R 21k
REST IR ML AT, (AR — & R R, —JF
T, ASHF S0 S T AR A B A T (PRI 72 A
KA 7 T AR AT, 5 m s 28 A K R &R
WL BRAGE IR e i R EAR N F5R LW T
Ab, HA R IR Z K AR K R KA 25 K SOk
FI5AE LA BOK e o R FAE ) R R S5 A 52 ) 35
FHE R R AKAETE AN R B B 1) 2 225 M P Tt 2 A
], & B IR 2 R LI 52 2%, Rt , A2 0 Ay ARl 77
FE—E AN T 5 — T, 3 1 53
AN [7] DX T 7K 2 B A 2 A 7K S KA K BT RRAIE
A RBAFAERC R 22 57 B vz AL RE & 32 52 ),
AT G AR X 13 TR K 2 A 2 T I A AR | ] 68 TG 1 T
AR & B R, e, X 13K =g O iy IR
K BB SRS E SR H S S 2 HEG ] #K
Vi R B IR A5 M0 25 S B B T PR A 7R P ]
ANRELIAL T FOF AT VIS, AR R SR R R
AT, BRI R AR Rl AR A K] o BA — 2 i BEAILYE
R EECR T A8 SRR VA EA T I 2R RN PEA  {HAR
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I BT X SEANERE KR, S2 A 0 (L UM i
R X TIREACTREZ X, L FFELRIT LK a
B BRI RN AT BRI SRSk, itk — 2
B R Y T B R0 S I, — D T, AT 4Rk ot
DAY A A TR T8 A 1 R, NI 38 Ik PR R
B JLH FTHSRER a W R R X A
R, FARIE B A SR SR 25 o AR, 70 2
A e B LA I s R MR P 8 T AR Y %o
THRZ LT, R OK TSR a WEAL
AHFAE , TSE 34 AR bR A IR . 53— 7,
XGBoost JFHL 25 > 512 AR i e MR it O Bl v o
IR B SR 2 K A R AN BT R R R 2
AT TR BT P Kl e, O XA B R AT A W A
A5Gk, A B 58 R RS & 5k H Y SSA-
XGBoost /K AR & 5 I 4 [0 A AR Y | A Sy B T
I Wi E ) Q1Y) DA v T /e 5 % N £ S|
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