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Application of improved BP neural network model to
comprehensive evaluation of water conservancy in a state of relative prosperity

CUI Dongwen, JIN Bo
( Wenshan Water Conservancy Bureau of Yunnan Province, Wenshan 663000, China)

Abstract; This paper focuses on several key issues of a BP neural network when it is applied to the comprehensive
evaluation of water conservancy in a state of relative prosperity. Based on the analytic hierarchy process (AHP)
30 representative indicators were selected out of more than 100 water conservancy indicators, in order to build up a
comprehensive evaluation system of water conservancy in a state of relative prosperity and grading standards as well.
In practical application, the BP neural network has shortcomings, including the slow convergence and likely
occurrence of local extreme values. To overcome these shortcomings, an LM-BP neural network model was
established for comprehensive evaluation of water conservancy in a state of relative prosperity. In this case, training
and testing samples were generated between standard thresholds using the random interpolation method. A concept
of network fitness is proposed as well. The performance of the proposed model was evaluated using the network
fitness, the average relative error, and three other statistical indicators. After the evaluation of the model achieved
the expected accuracy and generalization ability, it was applied to the comprehensive evaluation of water
conservancy in a state of relative prosperity in Wenshan Zhuang and Miao Autonomous Prefecture, and compared
with traditional BP and RBF models. The results are as follows: (a) In both the training samples and testing
samples, the LM-BP model had higher evaluation accuracy than traditional BP and RBF models by nearly an order
of magnitude, indicating that the LM-BP model has high accuracy and generalization capability and is applicable to
the comprehensive evaluation of water conservancy in a state of relative prosperity in Wenshan Zhuang and Miao
Autonomous Prefecture. In addition, the LM-BP model has the advantages of fast convergence and a high degree of

YA HH. 2013-03-15
TEERN: ERL(1978—) 5, nm BB, P TR, 25+, AR IE BRI, E-mail ; cdwgr@ 163. com



444 BRI, 5F ok BP R WA ASRITE /K 55 A P 307

stability. (b) In the year 2010, water conservancy in a state of relative prosperity in Wenshan Zhuang and Miao
Autonomous Prefecture and county-level administrative districts was at level I to II, the initial stages. It will reach
level III in the year 2020 according to the prediction, which means that the water conservancy in the whole
prefecture will basically achieve a state of relative prosperity.

Key words: comprehensive evaluation of water conservancy in a state of relative prosperity; improved BP neural
network model; LM algorithm; analytic hierarchy process; Wenshan Zhuang and Miao Autonomous Prefecture
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Table 2 Grading standards of evaluation indices for water conservancy in a state of relative prosperity
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3% [1,3) [85,95) [5,15) [80,90) [40,50) [80,90) [1,10) [%20,+30)[0.2,0.4) [60,80)
49 <1 =95 <5 =90 =50 =90 <1 <+20 <0.2 =80
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Table 3 Evaluation results of performance of LM-BP model and traditional BP and RBF models
SEEIAEXS IR E % BRAHXT R 22/ % s R % BES iB17
10 R {H Ak i 10 WH{H A 10 KHEIMH AEE WEE/% WY
155 BP YLk 2.0574 1.8000~2.3673 15.5788 13.1408 ~18.0041 0.0374 0.0332 ~0.0438
fiml  RIRREA 2.2171 2.0840~2.3917 14.9674 12.2996 ~19.9571 0.0416 0.0398 ~0.0459

WO REA

3.7361 75.5484

IMpp VIZEFEA 0.0855  0.0605~0.1443  0.5783  0.3025~1.2098 0.0017 0.0006 ~0.0022

gm o KRR 0.0952  0.0699 ~0.1680 0.8084 0.3371~1.5935 0.0019 0.0012 ~0.0026 > 3680 ~ 10.1708

RpF VIZRFEA 12473 1.2222~1.2736  9.6451 6.9740 ~16.3764 0.0237  0.0232 ~0.0241
R RIREEA 17513 1.6948 ~1.8054 10.0379 7.6534 ~14.7948 0.0383  0.0366 ~0.0406
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Table 4 Evaluation indices of water conservancy in a state of relative prosperity for

16. 8078 48.1922

Wenshan Zhuang and Miao Autonomous Prefecture in 2010

PEHY X Ja, x,/ % X, X3/ %  xy/ % x5/%  xg/ % %7/ % xg/ % %9 %/ % x/% x,/% x/md xy, xs/m’

S 2.08 40 18.8 6.1 22.8 88 156 71.5 0.6 46  24.3 85 341 0.34 85
Scili 2.08 65 11.7 845 27.5 8  30.4 814 0.8 70 19.6 85 390 0.29 75
LIRS 2.08 60 150 76.2 24.3 87 16.7 88.1 0.6 50 22.0 85 456 0.33 78
Po % B 2.08 50 15.8 39.8 37.9 85 244 68.4 0.6 33 19.0 85 245 0.54 90
JRIE B 2,08 55 200 75.6 27.2 89 9.9 38.2 0.4 35 28.0 85 260 0.39 91
HXR 2.08 40 13.6 839 17.8 88 24.4 453 0.6 43 19.0 85 355 0.20 92
|0 2.08 55 18.2 50.8 23.9 86 0.0 76.9 0.6 33 25.0 85 292 0.38 88
JTRE 2,08 30 209 321 20.9 8 443 69.4 0.5 37 200 85 204 0.38 93
®TE 2.08 35 50.4 58.4 16.2 87 0.0 880 0.6 35 12.6 85 305 0.48 94

PEM X 3k Xy X7/ % x5/ % %19/ % xzu/m3 Xy Xon/ Yo X3/ Vo %34/ YW Xy5/To  Xog/ Vo Xy7/ T Xpg/To  Xp9/ Y %30/ %

St 0.50 88 22.9 90 18.7 0.35 41 30 30 30 90 51.4 50 46 11.6
il 0.52 93 22.9 90 17.1  1.27 65 30 30 30 90 52.6 50 48 1.4
[UWITE= 0.51 75 24.7 90 19.6  0.71 55 30 30 30 90 54.3 50 47 2.7
U250 0.47 100 28. 1 90 21.3  0.29 30 30 30 30 90 54.6 50 45 5.6
RS L 0.48 90 31.0 90 17.1  0.25 30 30 30 30 90 37.7 50 44 3.4
BXH 0.48 83 20.8 90 16.5 0.25 30 30 30 30 90 54.5 50 42 2.6
=3 0.58 88 31.8 90 24.4  0.25 30 30 30 30 90 65.0 50 47 5.8
IR 0. 46 90 17.8 90 24.2  0.24 30 30 30 30 90 47.4 50 51 43.7
wHTH 0.46 100 15.7 90 15.1 0.18 30 30 30 30 90 33.5 50 46 44.5

LA 1 VR BT SO MK VR 2B L (UM " R BRI 455 o1 T, o, B
HEBRHET IR, 25 LA M PG 45 P KB 0, s g v T BT PERAR,, 25 25 HEHR AR o LK
KP4 4545 5 SR 45 TR
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VI LM - BP0 XE SC 1L BLRAR 1 2020 4/ HEAK FIRE AT 45 4 VP, 16 62 P/ BEK LT
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AQ—‘“L' S 4 gk LT Y N .
SPUPRMER AT BT R R 5 R mm kT BRI SR (BAL 10 X FH)
N S Ve
SEIRAE R RN 53 /N K I A5 AR B ’ Table 5 Evaluation results of water conservancy in a state of
5 H SCIAS [T K AR /N K F] relative prosperity in Wenshan Zhuang and Miao Autonomous Prefecture in
1 ~4 Fim ﬁ{ﬁﬁﬁ iy A ( 56 different target years (ten times average randomly)
BL10 WP 345 %) 430 b < _— 2010 4 2020 4F
1.9328 (1.9328,2. 14717 (2. 1471, P LA L e LIS e
- i - SCLLH 1.6651 1 4% 2.9978 3%

3.0725],>3.072 5, ¥ fr 4 R WL Saiii 2.0161 2% 3.0035 3 %
x5, MR 1.9899 2% 2.9997 34

SRS TR F e, T e s s

die S L WS . .

(a) LM-BP BEAD SC1L M oot B2 Ay B 2.0281 2% 2.9918 39
IR DX [ R 7 P4 /N B K R DA 45 =@, 1.9177 1% 2.9586 34
R ~3 G, AT —IE AR SRy A E=3 1.1393 1% 2.9415 34

TR 2.0238 3 2.9518 3%

B BRSO T SC I N B A5 B 90AT B
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A BIF RTINS EAZALRE ST, PPN 45 R v] KR & R AE LRI 225 (b) BUIRK AR SCIH K45 B2
FTEL XN KR 235 WA S A AL TP — P S BB B, STy il B | 1 5 B AT 17 B /N BREK M) e B A
X 5 B KRS B HE— 2D HEE 2020 4F 4 N BEAS 5 22 B A2 R JRAE 17 1) By b B0 572 42 4
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AHP /N RV 56 S 7 40 G067 5 R P LML 0 56 B 0 2 0 2 S5 5 o 4
MCSAR P 5% W AR R A2, AR ot B 228 T 24 i 5B P o 047 B SR FRIBEE WL 1 2
ARG BT T 2R A RO B B LA B o 2 5046 5 s ) 2 A L G A 2
L B AR 5 /ISR S 11 U440 A RO B, R R 4043 B2 P AR 15225 R MR
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