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Health assessment of small and medium rivers based on GA-BP optimization

model

HU Wei'? LI Weiming"* ,WANG Li*,SU Yifan'*,SUN Xuyang',LI Jinjing' ,CHEN Qiuwen’
1 College of Hydropower and Environment Engineering ,China Three Gorges University ,Yichang 443002 , China
2 Nanjing Hydraulic Research Institute ,Nanjing 210029 , China

Abstract: River health assessment is the premise and basis of river ecological restoration, but up to date there is no
corresponding health assessment standard for small and medium-sized rivers. In order to objectively evaluate the health
status of small and medium-sized rivers, this paper takes Qiaobian River as an example and constructs a health evaluation
system around 5 elements, namely the river aquatic organisms, water environment, hydrology, morphology and social
service functions, which contains 17 indexes. Then we capitalize genetic algorithm ( GA) to optimize BP neural network
method to establish GA-BP model to confirm the weight of these indexes, and use the scoring method to evaluate. According
to the output of GA-BP model, the river's water environment has the largest value in the weights of indexes, sequentially
followed by river hydrological index, river aquatic organism index, river shape index, and river social service function
indicators. The result of evaluating in Qiaobian River through the established evaluation system shows that 3 points of them
have a health rating of level I, 3 points are rated level II, and 2 points are rated level III. Overall, the Qiaobian River is
basically in a healthy state, and the health status of the upper reaches of the basin is significantly better than that of the

downstream. The closer to the estuary from upstream to downstream, the worse the health of the river is.
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Fig.1 Distribution of sampling points in Qiaobian River
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Fig.2 Flow chart of GA-BP model
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Table 1 Parameters table of BP neural network
HERIBH Model parameter
W 45 2, ik WMABMERITE il )E g sonil e Fe s R PR 4 T8
Network name Number of neural Number of nerve )z Number of hidden

Number of hidden layers

units in input layer units in output layer layer neurons
TR PR A A 2 D 245 3 { 1 2
River aquatic biological neural network
K PRI 22 P 2% g | | 6
River water environment neural network
LK SO 22 4 3 | | )
River hydrological neural network
LIRS S HEA S ) 1 | 2
River morphology neural network
kL2 IR S5 D RE b 22 4 ) | . )
River social service function neural network
T i B Ao 22 Y 4% 5 1 | 4
River health neural network
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Table 2 Results of Pearson correlation analysis

Cl C2 a3
Cl 1
C2 -0.098 1
a3 0.524 -0.184 1
C4 (03] C6 Cc7 C8 C9 C10 Cl1 C12 C13 Cl4
C4 1
C5 0.424 1
(0 0.353 -0.057 1
Cc7 -0.156 0.406 -0.812"" 1
C8 -0.113 -0.590 -0.078 -0.145 1
c9 -0.242 0.234 -0.321 0.530 -0.070 1
C10 0.784"* 0.756"*  0.380 -0.006 -0.409 -0.188 1
Cl1 0.497 -0.104 0.846 " -0.765*" 0.140 -0.328 0.362 1
C12 -0.087 -0.330 0.705** -0.520 0.066 -0.240 -0.035 0.474 1
C13 0.095 0.245 0.620* -0.398 -0.790 " -0.223 0.484 0.506 0.538 1
Cl4 0.339 0.678" 0.177 0.192 -0.813"*  0.028 0.844""  0.029 -0.099 0.516 1
C15 Cl6 C17
C15 1
Cl16 0.589 1
C17 0.645" 0.327 1
C18 C19 €20
C18 1
C19 0.488 1
C20 0.811"  0.759"" 1
C21 C22 C23
C21 1
Cc22 -0.104 1
C23 -0.755*"  0.769 " 1

1) C1 ;a2 Shannon-Wiener 5%, Fish Shannon-Wiener index; C2 ; JE#iZ4) Shannon-Wiener $§%1, Benthic Shannon-Wiener index; C3 ; FRUFAE Y
Shannon-Wiener 5%, Phytoplankton Shannon-Wiener index; C4 : & %, Total nitrogen; C5: &, Total phosphorus; C6 : 1k 2% 75 5 #& , Chemical oxygen
demand ; C7 . A% T W E 5%, Hydrogen ion conventration ; C8 ; Jii ¥ | Temperature ; C9 ; i fi# 4., Dissolved oxygen; C10; 75 %0, Ammonium; C11 ; i 25
%, Nitrate; C12 ; L8 , Flow velocity ; C13 ; 3 B , Turbidity ; C14 ; JK I, Water depth;C15 ; 4= 25757k i, Ecological water demand; C16; Ji[ 4275 I , River
dilution ratio; C17 : ] it 7K 5k 7S , River water quantity state; C18 ; T iE £2 % , River stability ; C19 ;7K 223 8 1 , River connectivity ; C20 ; 5= 3 4% 52 4%
£, Vegetation integrity of bank slope; C21 ; 7K % JFIT & I JHZE  Exploitation rate of water resources; C22 ; i it ik F5 % | Flood control qualified rate; C23 .
HEWELRIEE , Iirigation guarantee rate;2) # # FR/RTE 0.01 Ul (OBUR ) WE MM « FRRTE 0.05 FU (BUR) W& A C

2.3 AN A TR AR A EE (R

iZH] GA-BP RIS A& Pl 2 o0 2 M AR (LR ARG A (1) —(5) AT 48 2 3] s a5 P 48 hr A
GER (K 4) . GEREIR TR IA SR B ST K SCR AR > T AR AR W48 A0 > T RO 25 46 b > Ttk &
255 IRESR I o
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Table 3 Index system of health assessment for Qiaobian River
S AR b2 s HOARA
Destination layer Criterion layer Index layer ) Data sources
method
IKEEA YRR 12 Shannon-Wiener f5 %X , oo n; o
e JEWI B Shannon-Wiener 5% H =- Z( N )In( W> i HOh
YAl [N . .
;{i::; health TRUFAEY) Shannon-Wiener $8%X Shannon-Wiener 840, S by R A XI5 A S E AR
S iR 28 KL, n, S SR AR T S 2R D B
i, N N SRAE B R R R
SR A
A TESEI % S I ORI K W I 43 B
KIS AE bR B B B IURR) XK REEAT A B 2
2 A SI T, A5 B AE L A HE BRI
R Ml H Hydrolab DS5 254U (K E)  SHLAA
kL N 5 AF L P 5 A0
i
K
N PR BB DK ST R A K 12 R RIS 7K 3L
1= 7 ?(‘555’ E=N . N i .
A A PR A A B B
ST A 1 WA A (Q) S M MG (K) | THHERS%
MRAE TS L (2 k0]
=t . Q=0+ s;Q AWMBWHIFE; v BAKFK  THIHERSH
yal~ =R j;(\ _
PIKRORS ST s ST BT i)
S, = o= S, B 45
0
JEAHRIR TR TE R B0, IR IGRE B w0, o 7 S M IRE B B BOEAR B
w P B s SR WS B, S TR
FEAK
R=1/(1+0.7B,+0.3B,) x100% ; R & .
SCHIE A e 2
KR KRB, kb n, Y
KT A B
o Rk %5 T RE KBEEIT AR U
fithr A= A WORBERIF R, U, R gk IF R MG 2
" PR
KRR C, kv K R
Y, N - N
. - B=——; B NPt iR Y RS B ok A S
- Y, B AR Y, A B ;;ii] e =
FRUER B ; Y, E S
F4 EENETEER
Table 4 The result of index weights
Hir2 D A febr)z L
Destination layer Criterion layer Weights Index layer Weights
AT f WK A A P FE bR 0.194 112% Shannon-Wiener $5 %% 0.068
River health JEMI 4 Shannon-Wiener 5 %1 0.046
TEIFAEY) Shannon-Wiener 4841 0.037
K RS bR 0.307 HA 0.068
oy 0.051
Pz 0. 065
R 0.062
pisL 0.043
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H bz 2 & fEbR)2 &
Destination layer Criterion layer Weights Index layer Weights
M 0.045
K 0.041
K SCHE AR 0.248 AT K 0.075
TRARTS 0.063
K RS 0.078
FRF Z0S i 2 0.136 TIE AR E T 0.073
IR FR i 0. 066
T AL 22 e 55 DI REdE b 0.115 IKBEIRIT B A A 0.068
B Pk ik pn 0.051
0.040 10! ¢
— iRz
0.035 100 ---- fRIR%E
2 10|
gé 0.030 o
K - P PR HE 102}
g £ 0.025 —— FR 4% B JiE B B =z
B ﬂ g 10’3 L
0.020 T e
0.015 s - - - - 10 - - - - - -
0 10 20 30 40 50 0 5 10 15 20 25 30
#4642 Evolutionary algebra $KAH Step size value
B3 AMEEREEEL L El4 GA-BP HEMKIREM L
Fig.3 Evolutionary curve of individual fitness value Fig.4 Error curve of GA-BP neural network

2.4 WRREEE bR IR R IF bR
WRYEGETT B2 FR AR I e R AR e/ IME-S 3, IS 805 1 5% \25% 50% 75% 95% 53 %L, 15 5
B AR bR bR (2 5) .

RS OARERITN SRR ERE

Table 5 The evaluation criterion of river health indexs

Bl TR AR Assignment

Index 100 80 60 40 20
C1/(-) 1.60—1.92 1.48—1.59 1.31—1.47 0.63—1.30 <0.63
C2/(-) 1.73—1.95 1.32—1.72 1.17—1.31 0.75—1.16 <0.75
C3/(-) 1.83—2.24 1.57—1.82 1.11—1.56 0.72—1.10 <0.72
C4/(mg/L) 0.22—0.51 0.52—0.86 0.87—1.13 1.14—1.35 >1.35
C5/(mg/L) 0.02—0. 13 0.14—0.30 0.31—0.46 0.47—0.63 >0.63
€6/ (mg/L) 1.51—2.27 2.28—2.93 2.94—3.37 3.38—4.15 >4.15
€9/ (mg/L) 10. 62—13. 69 9.23—10.61 8.55—9.22 7.41—8.54 <7.41
C12/(m/s) 1.84—2.55 1.53—1.83 0.82—1.52 0.55—0.81 <0.55
C13/(NTU) 2.50—6.47 6.48—11.25 11.26—23.48 23.49—54.60 >54.60
C14/(m) 4.40—5.75 2.34—4.39 1.15—2.33 0.62—1. 14 <0.62
C15/(m’/s) 0.60—1.55 0.41—0.59 0.32—0.40 0.20—0.31 <0.20
C16/% 3.5%—6.7% 6.8%—10.5% 10.6% —25.4% 25.5%—38.6% >38.6%
C17/(m’/s) 15.4—25.5 11.6—15.3 8.4—11.5 5.3—8.3 <5.3
C18/% 80% —95% 60% —79% 40% —59% 20% —39% <20%
C19/% 77% —100% 62% —16% 50% —61% 40% —49% <40%
C21/% 10% —20% 21%—30% 31%—40% 41% —50% >50%
C22/% 90% —95% 80% —89% 65% —79% 50% —64% <50%
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BRI PR PR R 3L 17 N8R BRI = 1523 100 43, AR50 20 73, B2 foe e e (23 51 8
100 .20 73, REFIro3 I 5 5508 M AR L R A BN 15 0, BRI T K 6,
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Table 6 Health assessment scale table of Qiaobian River
i HESF 9 Health level I I Il I\ v
W43 Score 84—100 68—83 52—67 36—S51 20—35

2.5 MR HOIR BT 2
2.5.1 HdEkiE

GA-BP 7 iy g sk e B R85 A S ke s ek N R At A SR PGB b 28 BR8N 31) (2017 —
2018) ((HEMHITFEL) (2017—2018) VH & HiK BRI (5 BAS B R G 24 e 1T /K A B 40040 ( WAk ) XF GA-BP
BEAY AT NG, R IAT 8 4 M0 DR iy S 458 ( 3 7) AR AL i i
2.5.2 ITHhEER

FIFAZ(6) VA RS £, PR 5 R WL T R S, BRI ISR S oh T A 3 e,
JRFE A 37. 5% ARBESFGN TAT 3 4, 5 BCORBES Y 37. 5% s AR GON TTA 2 4, 5 BOoRBE ALY
25% s ANFAEARFREH RN |V SRFE S . SART , Hr 2030 Jt 350 0 PR 50 BH 0 P F 1 Ui, M L0 31 T Ui
fat R B2 W8/ bR T B7 (B8 oA A s B3k 68 41 LA b, AKAA YRR T, B8 SRR, WIRIK ISR
Febnh , B7 B8 MW A5 5K, WK SCHE bR b, B8 A AR B , T SIS T bR, A5 ) DB T A5 43 2
SANT , AN T 3 P g WAE A 8 BT AE 3% LAY IT B BN FRUE , 5 sSUK 3R 7 38 PR AT, TC R B /K I A 427K 50
Yy, At 2 RS DIRe e AR, 45 AR 22 BIAS K N B B FK SR T R DI BEAL T RAFIRE
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Table 7 Survey data of water ecological environment in Qiaobian River

il - E H/ME HRRE
Monitoring data Average value Minimum value Maximum value

2= M ¥ C4/(mg/L) 0. 460 0.225 1.167
Chemical factors C5/(mg/L) 0.075 0.020 0.188
€6 /(mg/L) 1.772 0.985 2.523

€9/ (mg/L) 10.552 9.220 13. 649

C11/(mg/L) 0.350 0.185 0.695

€10/ (mg/L) 0.035 0.171 0.706

C1/(-) 8.230 7.860 8.670

PP T Physical factors C13/(NTU) 12.005 2.610 41.750
C12/(m/s) 0.780 0.250 1.600

C14/m 0.811 0.200 2.300

C8/°C 9.673 7.680 11.540

YR Cl/(-) 1.236 0.621 1.738
Biological factors C2/(-) 1.172 0.533 1.856
C3/(-) 0.927 0.474 1.649

3 iTig

3.1  GA-BP HRIFE L (B DTN o A6
A AE PR S B A R O E U N BB R RIS PR AGE (AT RS S BOR R R RN 45 RO H AT,
TR REPEM T, LD o e AR BOE D 45 EX sy A E E BA TR
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Fig.5 Comprehensive health evaluation results of Qiaobian River
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(A AR 25 SR TORE B GA-BP BEEIZE R WO PPN b A ER /N AT it AK BRBE R84 > T Ui 2K SR A >0
TR A AR bR >TH AL 25 16 bm > T AL 22 IR 55 DI RE 16 b, K PRI 4 b 52 i fe o 28 HH AU e R, 5 3 —
WL SEMFIE AR B, RV AR LUA7 A5 22 Sk, A Bt ibe s S 00F 58 L s L 3 1l (g R PR F5 AR A R
INHIK A HE R bR > K SRR > /K SCHR AR . RNEETR IR SRR 42 5T, 32 A AR SR A2 ma /N /N ROBE ) 3
WIS KA IR Z R, 52 A IR AR R, KK A A A 2 LU 0 i LUK A= R R A
X /N RUBE T I A B R BE SE MR A 5/ . 25 1 AR SCEE T GA-BP BB PR 8 b A A 7 AL, F 5 4 R
TN AR B, 3 HBA —E 4R 3 8
3.2 AAERRR DL R N R

ARG GA-BP BERUE AR AR AT B A SR SR8 b i R BRSSP A E f ok, I e B, R Y 4
IR R 32 5 R R S R B8 HOI A R s R A TS5 K . BRI BB IERE T By 0. 225t/hm? | Hi 445
AN T TG BB R AR T A AR N T 4 0. 2350/hm®, 3 dat A9 AR I AT P, 5 B80T 0t o 8L L ol
iR XA K PR AR ™ SN T A K FREE PP bR A S A A R A A AR 1 B A RS 4, 7T
DA B 7R T K T AR i L A ARSI AR DK, VA it S e 1K 5 0 T 5 A 3l ) A bk 2 DA
R BB L B 2 S AR A PRI B R TR AR P AR AR R R LA KRBT bR
f IR BLE A P e VAR, /NI B B T/ | AR D 58 55 R, T AR TR TS K4S HAHFEL AT R AP TE
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