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Abstract: This paper evaluates the spatial equilibrium status of water resources in Yunnan Province from 2006 to 2022 and 2025 scientifical-
ly, and proposes a water resource spatial equilibrium evaluation model based on social network search (SNS) algorithm, mountaineering
team optimization (MTBO) algorithm, bi-directional gated loop unit (BIGRU) optimization, and bi—directional long short—term memory
(BILSTM) network optimization. First, 15 indicators are selected from three aspects of water resources support, water resources pressure
and water resources regulation to build the evaluation index system and grade standard of water resources spatial balance, and the samples
are generated by linear interpolation and random selection methods to build BIGRU and BiLSTM fitness function. Secondly, the principles of
SNS and MTBO algorithms are briefly introduced. SNS-BIGRU, MTBO-BIGRU, SNS-BILSTM, and MTBO-BILSTM models are construct-
ed by using SNS and MTBO to optimize the number of neurons in the hidden layer of BiIGRU and BilSTM and the learning rate (hyperparame-
ter). The robustness of four models, including SNS-BIGRU, MTBO-BIGRU, SNS-BILSTM, and MTBO-BILSTM, is verified through dif-
ferent sample sizes and 10 consecutive runs. Finally, SNS-BIGRU, MTBO-BIGRU, SNS-BILSTM, and MTBO-BILSTM models are used
to evaluate the spatial balance of water resources in Yunnan Province from 2006 to 2022 and 2025, and the evaluation results are compared
with those of SNS=Support Vector Machine (SVM), MTBO-SVM, and fuzzy comprehensive evaluation methods. The resulis show that: (1)
the models such as SNS-BIGRU have good recognition accuracy and robustness. SNS and MTBO can effectively optimize the hyper—parame-
ter of BIGRU and BILSTM, and improve the prediction performance of BIGRU and BiLSTM. (2) SNS-BIGRU and other four models evaluate
the spatial balance of water resources in Yunnan Province from 2006 to 2011 as “unbalanced” , from 2012 to 2013 as “relatively unbal-
anced”, from 2014 to 2018 as “critical equilibrium”, from 2019 to 2022 as “relatively balanced”, and by 2025, it can basically reach the
level of “balanced”. There is a 3—year difference in the evaluation results of the four models compared to SNS—-SVM, MTBO-SVM, and
fuzzy comprehensive evaluation methods. The model method constructed and proposed in this paper serve as a reference for the spatial bal-
ance evaluation of water resources.

Key words: water resources spatial equilibrium; index system; bidirectional gated recurrent unit; bidirectional long short—term memory; so-

cial network search algorithm ; mountaineering team—based optimization algorithm ; Yunnan Province
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Tab.1 Evaluation index system and grade standards for spatial equilibrium of water resources in Yunnan Province
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Fig.1 Schematic diagram of BILSTM/BIGRU network structure
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Tab.2 Average recognition accuracy of 10 runs of each model
SIS e
FeEA MTBO- SNS- MTBO-
SNS-BIGRU BICRU BILST BILST SNS-SVM  MTBO-SVM BIGRU BILSTM
. IHEA 100 100 99.9 99.7 87.8 87.5 75.9 75.1
s T LA 100 100 99.5 99.0 86.0 87.4 64.3 63.0
L YA 100 100 100.0 99.8 88.7 89.0 77.2 76.0
= TR A 100 100 99.4 99.7 87.5 89.5 72.5 68.2
o UIEEREZS 100 100 100.0 100.0 89.5 89.9 89.9 88.0
A TMAEA 100 100 100.0 100.0 88.3 89.7 89.5 86.8
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Fig.2 Confusion matrix diagram of each model in the case of sample 2
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Tab.3 Evaluation results and comparison of spatial equilibrium of water resources in Yunnan Province
AR SNS-BIGRU MTBO-BIGRU SNS-BILSTM MTBO-BILSTM SNS-SVM MTBO-SVM FORIPEAr
2006 1 G Hi 1 AT L AR LA 1 A fi 1 YA fi 1 A A
2007 1 /AR LRI LRI B BN ) LRI iy LRI iy LRI
2008 L IRy LRI B B 1 /R i 19/ Ry i 1 R/A T
2009 1 G/ A3 LRIR 31 L RIAR 1 LRI LRI iy 1 RAE iy 1 R/AH i
2010 1 94/ R EIH 1 G/ N1 1 /AR 1 /AR i 1 /R i 1 G/ R i 1 G/ A
2011 1Ayt 1At VUt IS 1 AR 1 1 ARy 1 A
2012 2B 2 G M 2B iy 2 G i 2 G R g 2 /Ay 1 G/ R H Al
2013 2GR 2GR 2YBEA I My 2 G BEA I 3 44/ S i 3 G4/l 3 Y/l
2014 3Y/IE T 3 G S K i 3 G4/ S 2 iy 3 G/ 5 2 iy 3G/ T3 3 G/l 5 iy 3 G/l S X iy
2015 3G/ A 3 Y/ 3 3G/ S 1 3G/ S 1 3 G4/ S 3 G4/ 3 G/ 1
2016 3YU/IEF 3 G X i 3 G4/ 2 4y 3 G4/ S iy 3 G/l 5 iy 3 G/l 5 iy 3 G/l S Ky
2017 3G F 3 G/ s 3G/ S i 3G/ S5 i 3G/ S 3G/ S 3 G/ s
2018 3G/ T 3 G/l S H iy 394/ S 1 3 G4/ i 4 9 A i 4RI i 3 Y/l i
2019 4 R I 4RI 4RI 4 A 4 G 4RI 3 /i S 2
2020 4RI i 4R/ 4 A 4 A 4 A i 4RI 4R
2021 4RI 4 R/ i 4 /A X i 4 /A 4 /A 4RI iy 4RI
2022 Ve dvear 4 R/ 1 4RI 4 A 4 /A el 4R
2025 59 /¥915 594 /¥915 59131 5 /¥4 4RI 4RI 59/
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(2) 38 38 75 45 55 D 1 ) SR JFFY 42 A2 A A Bt ML 3 B4 72
AR TR 25 d5 /N RE AR, D g 1385 )3 32 1 B0K SNS-BIGRU
MTBO-BIGRU . SNS—BILSTM . MTBO-BILSTM 5% % {1y 15 51 65
AR A PERE A TR . 2553 W] : WSNS-BIGRU 4§ 4 Fifs 7Y H.
A PR RS B ARG A M RE L TR BRI T SNS-SVM,
MTBO-SVM # %4 F1 BIGRU . BILSTM #5% %! , H: ff SNS-BIGRU ,
MTBO-BIGRU £ 7 (y IR BIRUR fe b ; @SNS \MTBO A &tk A
BIGRU  BILSTM [ £ i 2 4§, K HE g 485 Y 1) HUBI0RS JE s @7
251 K/NXF SNS-BIGRU \MTBO-BIGRU ,SNS-BILSTM ,MTBO-
BILSTM 45 2 (1) 3R 545 B2 52 i %8 /)8 , 10 %+ BIGRU , BILSTM 75 £
TIPS BE S M A

(3)SNS-BIGRU %5 4 Fh A& 1 XiF 2 7 4 20062011 47K % VR
23 [ AP g < AN, 20122013 4E 3P4 Sl “ T A P4
2014-2018 4E VT4 2 “ il S ¥ 457, 2019-2022 4F 340 S “ 5 1
57,2025 AFEHEAC T 15 5 B AR

Sk

(1] EPese, iere, o 8,5 TR K sl g iran [T ],
FEl AR KK L, 2022(11) : 37-43.
WANG Z B,TAO J H,YIN X, et al. Water resources spatial equilib-

rium evaluation in jiangsu province[ J |.China Rural Water and Hydro-

power, 2022(11):37-43.

(3]

[4]

[5]

[6]

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

FHL KRR, 2021,32(1) : 33-44.

YANG Y F, GONG S X, WANG H R, et al. New model for water re-
sources spatial equilibrium evaluation and its application[ J ]. Advanc-
es in Water Science, 2021,32(1):33-44.

AR RO, R, A TR TR R BRI & PR R Y K B
23 AP I [0 ] KB ARAP, 2021,37(1) - 1-6.

JINJL, XUX G, ZHOU R X, et al. Water resources spatial balance
evaluation method based on connection number and coupling coordi-
nation degree[ J |. Water Resources Protection,2021,37(1) : 1-6.

PR HORE B R T R B AR KRR S ) g A
WEFE LT ] A4 (AR AR L 2021,60(5) : 86-93.
HUANG F H, HUANG B H, QIU J. The spatial equilibrium of water
resources of guangdong based on equilibrium coefficient [J]. Acta
Scientiarum Naturalium Universitatis Sunyatseni, 2021, 60 (5) :
86-93.

BRI B IETERRECREAS 2% M 2 i 7K B
PN TR ] OK B A HEE , 2021,32(3) : 387-395.
JINJL, XUX G, CUL'Y, et al. Water resources spatial equilibrium
evaluation method based on connection number and lorenz curve[]].
Advances in Water Science, 2021,32(3):387-395.

BAGR TN dE R AR TR R BURIE R AU DX K BE
TS R AR () ). AR TR, 2021,43(9) - 73-78.

JINJ L, SUW, ZHOU R X, et al. Evaluation model of regional wa-

http://www.cnki.net



A BRI f8 sk 4L BIGRU/BILSTM 44 7K 3% iR 2 18] 34 #53F A0

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(C)1994-2023 China Academic Journal Electronic Publishing House.

ter resources spatial equilibrium based on gini coefficient and connec-
tion number[ ] ].Yellow River,2021,43(9):73-78.
S, BT, A8 R, AR T 06 AR A A K I ] 2
LR G ITEE L) ] KAIA4:, 2022,53(11) : 1 304-1 316.
WU C G,WANG X Y,JIN J L, et al.Ordered correlation degree entro-
py based approach for comprehensive evaluation analysis of water
resource spatial equilibrium system [J]. Journal of Hydraulic Engi-
neering,2022,53(11):1 304-1 316.
VPR BEASC o TR B e R O A AR B 2 2 IL7E DX A K
FUIE BEPE M o B[], =l R 24l (A SR B2 A0 , 2023, 45
(2):7-16.
XU J W, CUI D W. Application of several newintelligent algorithm
optimization extreme learning machines in regional human water
harmony evaluation [J]. Journal of Three Gorges University (Natural
Science Edition) , 2023,45(2):7-16.
TALATAHARI S, BAYZIDI H, SARAEE M. Social network search
for global optimization[ J ]. IEEE Access, 2021,9:92 815-92 863.
FARIDMEHR I, NEHDI M L, DAVOUDKHANI I F, et al. Moun-
taineering team—based optimization: a novel human—based meta-
heuristic algorithm[J]. Mathematics, 2023,11(5):1273.
RARI VRPERE SBT3 T MAC-LSTM (4 [ S5 43 28T 5 ) ).
AL ST, 2020,37(1) : 40-43.
YUBG, XUQT, ZHANG P X. Research on problem classification
based on MAC-LSTM [J] Computer Application Research, 2020,
37(1):40-43.
G , 48 7R 3C . 2 T PE A & 8 A UL 9 S e 12 o 22 1
SEARTIL ] P AR AR L, 2021(2) : 78-82+90.
HU S Q, CUI D W. Long—term and short—term memory neural
network runoff prediction based on optimization of marine predators
algorithm [J].China Rural Water and Hydropower, 2021(2) : 78—
82+90.
ZERMR, S i BE T PF-LSTM 19 £ (19 e 2550 009 £6% Ui 15t T 00 5 125
[J 13PN FARRFSE , 2019,36(12):3 833-3 836.
LI X L, WU T. Efficient network traffic prediction method based on
PF-LSTM network [J]. Computer Application Research, 2019, 36
(12):3 833-3 836.
SRR, ARRE Gk UL, AF R T DMD-LSTM 5 R i1 JI 5240 A%
o 6 FE S TREART 52 L) . S SEHLRE TS, 2020,37(3) :662-666.
SHIJ N, ZOU J Z, ZHANG ], et al. Research on stock price time
series prediction based on DMD-LSTM model [J]. Computer Appli-
cation Research, 2020,37(3) : 662-666.
RO sk, 50, 45 BETORL T REOL AL LSTM Y i 22 15
B [T LA SR 441, 2019,45(12):2 533-2 542.
SONG G, ZHANG Y F, BAO F X, et al. Stock forecasting model
based on particle swarm optimization LSTM [J] Journal of Beijing
University of Aeronautics and Astronautics, 2019,45(12) :2 533-
2 542.
BAINSE | 47X 3C . 36T EMD-LSTM-ANFIS #5075 10 4F 43 3t 75T ) #F
FE[I]NRERIT, 2021,42(3) :46-52.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

All rights reserved.

HU S Q, CUL D W. Research on annual runoff prediction based on
EMD-LSTM-ANFIS model [J]. People’s the Pearl River, 2021,42
(3):46-52.

GFhE BBy M T RS RS SRR A R SE-
BiGRU B XU 500 [J ]. s 3Rk 5 T4, 2023,39(1) : 9-16.
JIN Z H, XIANG L, LI L C, et al. SE-BiGRU ultra-short-term
wind speed prediction based on CEEMDAN [J]. Electric Power
Science and Engineering, 2023,39(1):9-16.
sty , BN, E 3O I8 TR A0 L VMD-CNN-GRU £
AU AEAR T B0 [T ). FE K AL 9 5 K R R (rh3e 30) L 2022, 20
(3):429-439.

XU D M, XIA W P, WANG W C. Annual runoff prediction based
on VMD-CNN-GRU model optimized by slime mold algorithm [J].
South to North Water Diversion and Water Conservancy Technology
(Chinese and English), 2022,20(3) :429-439.

B, XIBET 7 i, % HCM-PSO-GRU 414 il 7 £
IS I 0 e p o L] K e AR IR R %, 2021, 39 (12) : 120-
123+61.

HUANG Y T, LIU X Q, JI W, et al. Application of the HCM-PSO-
GRU combined prediction model in dam deformation prediction [J].
Journal of Hydroelectric Energy Science, 2021, 39 (12) : 120—
123+61.

F WL R0, R, AR BT eSO f Ak AR T GRU
A (10 8 S KU T R A [T ). e R R ,2021,45(12) :4 692
4700.

MENG A B, CHEN S, WANG C E, et al. Ultra-short—term wind
power prediction based on chaotic CSO optimized temporal attention
GRU model [J].Power System Technology, 2021, 45(12) : 4 692-
4700.

X BRI ST . 5T WOA-BILSTM AR R i) 23 < fik 4
e [T R MRS, 2022, 31(10) : 389-396.

LIU Y, PEI L L, HAO X L. Prediction of air quality index based on
WOA-BIiLSTM model [J]. Computer System Application, 2022, 31
(10):389-396.

ZEOF, Rt iR, LT ISSA-BILSTM 1Y 200 2 M L
i v 2R B O AP 07 22 [J/OL]L s 5 43 5% < 1-9[2023-01-22].
hitp://kns. enki. net/kems/detail/23.1202. TH. 20221103.1247.014.
html

LIZ , CHEN T X, ZHANG Y N, et al. Protection scheme for multi
terminal flexible DC transmission lines based on ISSA-BiL.STM [J/
OL]. Electrical Measurement and Instrumentation: 1-9 [2023-01-
22] http://kns. cnki. net/kems/detail/23.1202. TH. 20221103.
1247.014.himl.

RIEM, K & LT A0 fIfk VMD-CE-BiGRU DGR K LT
LT 1. A I AR, 2022,41(10) :56-61.

ZHU Z L, ZHANG M. Photovoltaic power generation prediction
based on AO optimized VMD-CE-BiGRU [J]. Foreign Electronic
Measurement Technology , 2022,41(10):56-61.

http://www.cnki.net



