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Table 1 Relative error of GRA-GRNN

predicted values and measured values

CODg &L CODy i Sk JE

FARS wtumely  mmgLy TR
21# 108.00 124.97 -15.71
22# 97.60 131.91 -35.15
23# 84.90 116.75 -37.51
244 111.00 128.88 -16.11
25# 118.00 139.98 -18.63
26# 82.00 113.38 -38.27
27# 94.00 116.12 -23.53
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Table 2 Relative error state distribution

o CODy REWKE COD i it [ H—1k s
S/ (mg L.7%) TR/ (mg L.7%) AR R
1# 115.75 128.781 3 0.450 2 E;
2t 122,51 135.490 5 0.468 5 E,
3 150.73 152.339 1 07323 E,
4# 118.92 132.566 7 0.444 2 E,
5t 162.00 157.868 5 0.8324 E,
6 141.12 150.062 8 0.586 4 Ex
T# 165.22 165.407 5 0.758 7 E,
8t 106.93 109.006 8 0.708 1 E,
ot 165.67 158.629 7 0.8795 E,
10# 188.00 171.8259 1.000 0 Es
11# 148.00 154.788 4 0.6349 E;
124 116.00 131.692 8 0.387 3 E,
13# 191.48 189.052 9 0.796 9 Ex
144 82.22 104.846 5 0.0000 Ex
15# 136.00 139.163 7 0.697 4 E,
16# 145.02 147.1457 0.7213 E,
17# 97.54 116.821 1 0.214 6 Ex
18# 109.07 134.083 3 0.1270 E:
194 128.37 137.8225 0.5580 E,
20# 88.00 104.353 1 0.247 4 E1
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Table 3  Division result Markov state interval

K& VA — AU AR TR 22 SR AEXS 15 22 SR
E: [0, 0.347 5] [-0.275 2, -0.149 7]
E; (0.347°5,0.909 8) (-0.1497,0.053 4)
Es [0.9098, 1] [0.053 4, 0.086 0]

WRIERI D HPRSE, FEIRSHEBME, THER
SRR IRSER AR PO~PO 5 R,
10.3333  0.6667 0.000 0]
PP=[02000 0.7333 0.0667
(0.0000 1.0000 0.000 01
102444 0.7111 0.044 47
PP=(02133 0.7378 0.0489
(02000 0.7333  0.066 71
10.2237 0.7289  0.047 4
PP=[02187 0.7321 0.0492
02133 0.7378 0.048 9]
102203 0.7311 0.048 6]
PP=[02193 0.7319 0.0488
02187 0.7321 0.049 2]
102197 0.7316 0.048 7]
P9=[02195 0.7317 0.0488
02193 0.7319 0.048 81
102195 0.7317 0.048 8]
PO=[02195 0.7317 0.0488
02195 0.7317 0.048 81
102195 0.7317 0.048 8]
PP=[02195 0.7317 0.0488
02195 0.7317 0.048 81

# 4 v GRA-GRNN 7l Wl 14 K& ot i
GRNN-Markov 2 IERR A L, & 8 sl
B FMAE S Markov fE2IE(EXTELIE, K 9 vk
GNRR #7445 Markov & IEA R A2 X] EE .
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GRNN-Markov 4 4% A 7 )48 % bk &
Table4 GRA-GRNN predictions and GRNN-Markov corrections

it GRNN A7 it GRNN-Markov 14 IE K57

e TRIE ——
g SRS PRRRREE s R P A
7 (mgL? ff]’g’”“iﬁg e FOEMGLY %
21# 108.00 124.97 -15.71 113.67 -5.25
22# 97.60 131.91 -35.15 119.97 -22.92
23# 84.90 116.75 -37.51 106.19 -25.07
24# 111.00 128.88 -16.11 117.23 -5.61
25# 118.00 139.98 -18.63 127.32 -7.90
26# 82.00 113.38 -38.27 103.13 -25.77
27# 94.00 116.12 -23.53 105.62 -12.36
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Research and Application on Improved GRNN-Markov
Water Quality Prediction Model

XU Rui', ZHANG Xiaobin*', XUE Pengsong®
(1. Yuncheng Water Conservancy Survey and Design Research Institute Co., Ltd., Yuncheng 044000, China;
2. Yuncheng University, Department of Applied Chemistry, Yuncheng 044000, Ching;

3. Shaanxi Jinke Environmental Protection Engineering Co., Ltd., Xi’an 710119, China)

Abstract: [Objective] In view of the complexity of the water environment system, combined with the GRNN
network prediction model and Markov theory, an improved GRNN-Markov water quality prediction model was
constructed. This model, which provides a reliable method for simulating uncertain, complex and variable river
water quality trends.[ Method] According to actual situation of water quality in Fen River’s estuary to Yellow River,
taking the main pollutant COD,, as the research index, the water quality monitoring data were preprocessed using the
Laida criteria. Using Grey Relational Analysis to determine input nodes of GRNN Network which solved the
problem that the GRNN network unable to auto select and optimize input nodes. At the same time, the improved
GRNN model was used to simulate and predict the water quality data. In view of the random fluctuation of the water
quality prediction data, the Markov model was used to correct the error residual value to achieve better prediction
results and provide new ideas and methods for water environmental protection and governance. [Result] The
combined model provides new ideas and methods for water environmental protection and governance. The research
show that the improved GRNN-Markov water quality prediction model can improve the accuracy of water quality
prediction results. Relative error was -38.27%~-15.71% based on GRA-GRNN model, Relative error was
-25.77%~-5.25% based on improved GRNN-Markov water quality prediction model, the correction result was close
to the measured value. [Conclusion] This combination model can be used in water quality prediction based on
small sample data. This study provides a scientific basis for water environment management.
Key words: grey relational analysis (GRA); improved GRNN-Markov model; Fen River’s estuary to Yellow River;
water quality prediction
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