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Abstract

This paper expounds the prediction principle and method of the grey system theory, generates a se-
ries of numbers according to the original data, turns the original sequence into quasi-smooth se-
quence, establishes a grey model of the water consumption of ten thousand GDP in Heilongjiang
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Province, calculates the predicted value and tests the accuracy of the model. It is found that the
grey prediction model has high accuracy, and analyzes the water consumption of Heilongjiang Prov-
ince in the next three years. In order to improve the utilization efficiency of water resources in Hei-
longjiang Province, countermeasures and suggestions are put forward, including establishing a
perfect and strict water resources management system; developing new technologies to recycle wa-
ter resources; transforming the economic structure and developing a green and recycling econo-
my; and appealing to the public to have awareness of water conservation and environmental pro-
tection.
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1. 518

VT AR AR B, FEROE KRR AR R, RIS YR T KRG 2 A, MWARmITE, K
HPBREMBEET L REX . FREXAETRX, BETANERREZN, FHBKETIA
200~400 Z=2K, (A F R K E 1) 60%~70%, AR5 4% K E R 50~80 =K, X HAF Ak
IK &) 15% 7 A5 o IK A2 NFEAAE AN R 1) — P B LR, 7 % XS A AL R i s i Ak T o0 B R U AT
W T ARG KRR AR ST A B B 1], Rk, BRITEMAEFFREKRE, A
A TE KPR i, JE IR K BRI ERIL RS EAEY,  5] B BURT 1 B E A

Ji76 GDP A/KERFRHEM X . ATk A B 7R — 5 i Bt BRI 1 75 e in{E (GDP) 1 /K B8
W& [2]. 370 GDP HI/AK Bt AR A E=W/G. Hrh, E A7t GDP HI/KE, md G AEMKGHIX)
AE A, TI06; WORRI/KEE, md [3]. JiJt GDP H/KEAEME FAE 2 IR E K. Hu X 34T b sk
UKL, A ERT DU R E K X B AT Mk S AR 4R 5 B KRR AR A DR 7K R B [4] -
RIREHIX 22355, R 23K EMK T 0 GDP FI/K& M k. Hil, EEAET 6 GDP HI/K&E MW7t ik
BRERGIRRITIE. ERD LS. BT HKERGE R AT, SHEBONAE, R
WAEFATLS, [RIASCIR UK th R G EE 7 VR0 BRI A8 (1 570 GDP /K &EH#E47 T 40 47 .

2. RERGELTNFRES SR

IREF GBI AR HIZ T 1982 RQU5L, 52— A E T 0 SO /MEAR RIS B AT S R G NHTT
%[5]. KORGAME RATEEN ARG, KORGIETEERENDN 7% KON XS A A E
PRIZR (0 R AT RN ) — RT3k, 20T E 0 RGN & R R I R SR SR AR FE R 4 03), RIEAT D
BRI T I O SR I8 AT AL BT 3R U, AR il — BRI R 81, SRR R,
3 Rl 7 T RE R AR RS A F HEAT TR [6] o A SCR A2 T 1 8] 3 B RO K (s R L BB AR [ 7], SRR €
RGBT A AR AR T R R TP T R 2 REA S, PRI S AR AR B, R R
XT3 76 GDP FI/K B BEAT R IR R A I TIEI ,  HERA R v o A SCIR IR VT I 12 47770 GDP HI/K &
VENAIUR Bt K ARk =477 ¢ GDP HIKEHEAT FUNI, #odis & /0 B R IR Ly, SO R Kt &
G,
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b, SR xY BRI Y.

UG, MIEREMEAFY,

I, AR AR

X, a b N ERE.
N, R,

HLk, RS,
IR AT R ST AT O A R AR R, S 22 00 U R SR R AT BRIBOA S, B AT SRAGAR R U 4
R
® (@ _ Dok B
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THEH JE R 5 5 YO AR R 22, ey, I SI0I (R ARG R ZE Y TR D 2% %8 5%, H T ) AH
X R ZEE A 10% 2 20%, K S TN R AFDGT 1% 22 Y L Ol 30% % 40%.

IR AR B R SRR T 25y 3% SP RS2, MIC =8,/ P={le(])-€<0.6745S,} . J+iv, it
HNEZEME PRS0 22 HOE C AR 1 BuR, 208 L4 (iF). 2 (EH8) 3 H(fhim) M 4 (A
BN o T R R AN S, ARG A T 45 SRR S R L A bR, WRAN R SRR
TR ZEAEIE

Table 1. Accuracy class table

®1 BEFRAE

WRRHE LS5 2R P C
1% P>0.95 C<0.35
2% 0.95>P>0.8 0.35<C<0.5
3% 08>P>07 05<C<0.65
4% P<0.7 C>0.65

3. MATE AT GDP RKEf

REIAT KRG, KB ERAERHAK. TIWHAK. kA HK. N TAERE RN KA
[8]. it 7E EH K Giit REAED| BT 4 2011 4F 3 2022 48, iX 12 4 (A i [ R AR = Bl M s H /K B AR R 5
P, R AT PSR H 2011 4R % 2022 4R B T4 Ji ot GDP FI/K BRI AR, Wik 2 frs. LUX 12 /77
76 GDP FI/K SR /E N R R0, SR HEAT 2K 3R T 2o b7, R T30 45 SR 5 R A s AT LU e, e
BRSO (A 6

Table 2. Data table of water consumption of ten thousand GDP in Heilongjiang Province from 2011 to 2022

5 2.2011 &£ & 2022 FE R IE At GDP A/KEHIEE

Fr EKEMZ m? [ R B M T J376 GDP HI7K#/m3
2011 352.4 12503.83 281.83
2012 358.9 13691.57 262.13
2013 362.3 14382.9 251.9
2014 364.1 15039.38 2421
2015 355.3 15083.67 235.56
2016 352.6 15386.09 229.17
2017 353.1 16199.88 217.97
2018 343.9 12846.48 267.7
2019 310.4 13544.43 229.17
2020 3141 13633.43 230.39
2021 3245 14879.2 218.09
2022 304 15901 191.18
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Figure 1. Total water consumption in Heilongjiang Province
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Figure 2. Gross national product of Heilongjiang Province
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Figure 3. Water consumption of ten thousand GDP in Heilongjiang Province
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AR BT T 25 12 4 e /K S AN E RAR ™ SVE I BE A7 Gt 0 A ol A4S, anfs] 1~3 s
LR, M 2011 4% 2014 FF R /KRS T, M 2015 4E 4 2019 4E S F /K& 2 PR, 2020 4F
%2022 SER K ELMERE . B ERA > BEM 2011 45 2017 EiR4E ETF, MAE 2018 £ H I RBE, M
2019 FIFUH 5 BT

FE A= EMEM T 6 GDP HI/KE 2R ELHIR R, #HEZ, SFRESIRE, Tt GDP HI7KE %
AR, FUERTPAE H, BRI JUEAT R R AT W . fR4E 2021 44 [E/K BHIR AR S, 2021
4 [E 7570 GDP /K &4 51.8 377K, H/KEEUK A 60 #7498 (359.1 m3). VL (218.1 m?) [9]. Hiltk
ATLAE H, BRI it GDP F/KEESEREIIRE R, mT2EFERKF. M 2011 4% 2017 4,
IR Ti 76 GDP FIK&EIZF TR, M 281.83 m3F [4E] 217.97 me, UiBHLEIX 7 4F[A] B RVTE A TF K
JEBRERLT . (HJRTE 2018 4F, EORVLAE B RA = EEKIEE TR, 5 2017 FML, T2 20.7%,
K EBAK, P F 175 0 K EACHT A LIS N T 2 49.74 m3. H 2020 4k, HRITHE
A= S ERD M, SAKEBAKR, Ji7t GDP HIZKEIZHT T 4.

SR FH K 68 RO A B A7 T 0 3R 40 R

1) B EIpiT 12 FFEI A J5 76 GDP HKEAE N EEEE M AT f, @i — kR R s3] 1-AGO, 4
BN 3 s

Table 3. Cumulative result table

%3 BMERE

532 FEAy x© x®
1 2011 281.83 281.83
2 2012 262.13 543.96
3 2013 251.9 795.86
4 2014 2421 1037.96
5 2015 235.56 1273.52
6 2016 229.17 1502.69
7 2017 217.97 1720.66
8 2018 267.7 1988.36
9 2019 229.17 2217.53
10 2020 230.39 2447.92
11 2021 218.09 2666.01
12 2022 191.18 2857.19

2) XRE—4F 7570 GDP H/K & AT M6 A 56, U AE 7 %) 0.930.0.463.0.304.0.227.0.180.0.145.
0.156. 0.115. 0.104. 0.089. 0.072. M —IWiHF4E LA/ T 0.5, BRIk 2 /7 5 A CIE 7 51 1) 2%
.

3) RIS Bl MEAERE AR Y, RN ER S5 a. b.

I AR AR TS FHE 2> BN 412.895. 669.91. 916.91. 1155.74. 1388.105. 1611.675. 1854.51.
2102.945. 2332.725. 2556.965. 2761.6, [AILAI LARiEAERE A F1 Y.
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[ -412.895 1 [262.13 |
—669.91 1 251.90
-91691 1 242.10
-1155.74 1 235.56
-1388.105 1 229.17

A=|-1611.675 1 Y =|217.97
-185451 1 267.70
-2102.945 1 229.17
-2332.725 1 230.39
—2556.965 1 218.09

| —27616 1 191.18

4) Kil1a=0.0192, b=265.0725, K a. b AAAXT, AT RIRILIE, [REERWE 4 Pios.

Table 4. Cumulative reduction result table

F 4. RBIEREGRR

Fr5 Fr XOBRAY XOH5
1 2011 281.83 281.83
2 2012 262.13 257.2
3 2013 251.9 252.32
4 2014 2421 247.53
5 2015 235.56 242.83
6 2016 229.17 238.22
7 2017 217.97 233.7
8 2018 267.7 229.26
9 2019 229.17 22491
10 2020 230.39 220.64
11 2021 218.09 216.45
12 2022 191.18 212.34

5) AR RS EEHEAT 20T o
TR, SRRSRIHXTHR Z W 5 o . AHXHRZEBOKE DY 14.35%, H/MEDN 0.16%, ¥/hT
20%, A LLHEAT HERR TN .

Table 5. Relative error table

5 HHRER

A ShrfE T e bz FXH R 2%
2011 281.83 281.83 0 0

2012 262.13 257.2 4.93 1.88
2013 251.9 252.32 0.42 0.16
2014 242.1 247.53 5.43 2.24
2015 235.56 242.83 7.27 3.08
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Continued
2016 229.17 238.22 9.05 3.94
2017 217.97 233.7 15.73 7.21
2018 267.7 229.26 38.44 14.35
2019 229.17 224.91 4.26 1.85
2020 230.39 220.64 9.75 4.23
2021 218.09 216.45 1.64 0.75
2022 191.18 212.34 21.16 11.06

THE A3 H S, = 567.070. S,=109.63, RIFHEAKE C=0.19, FKIHEAKE P = 1.145, bR
R BE UM S5 20 0] LA, T AE 20— 2, BT DUR BB R BEAT TN A& S5 bR #FE TUH, v LAX
T8 AR =475 70 GDP /K S EAT 58 ks e (1) 700

DRI, FAZAS A R e VA8 AR =4 1) 73 76 GDP F /K S ZEAT I, W] A7t 2023 4Kk 31 208.31 m3,
2024 EKk F) 204.26 m3, 2025 ¥4k F] 200.48 m3,

4. GREEW

1) fEHHEEBCD MRTHE T, A A 6 TROIIAS 2R HE AT T P DAE B A 14 B (0 T2 T ik BB RS I B
BT & Shn FFE TN, DARBIRTLAE 12 SR 75 76 GDP RIKEAE MBI e HdE, Jikiz 5l
WS T A E AT VR, A5 AT S50 — 2, BRI S B ] LUK vk o} B e VT 48 A Sk — 4 /5 76 GDP
FH/KEHEAT T, 43504 208.31 m3, 204.26 m3Fl1 200.48 m3,

2) £ 2011 4F % 2022 4F 12 (6], VLA SH/KE M 2011 4% 2019 452 FEEH, % 2021 45
FKEEA BF, HREEAKR, 2021 FE RIS X 12 40 B TAA I E R A= S E A 2011 2%
2018 fERE TF, WfEITAG A, U] 2018 R VL E LU A R, 2018 FEBHIIKE AT, ERA
FERMEA T B

TERKEZWARIIRETHE T, Ji7c GDP H/KE S5 H A el £ R EHIE RIRES, R AT LUE H,
IX 12 £E [ FROEATAS 70 GDP KR 2011 4 %5 2017 4R H0EHIR, WRIZHEOR, 2018 4ELEHFA ST H L
BT, TR E R RN S BLR FE.

3) SR K LTI AL TR SRV RSk =4 Ji ot GDP F/KiE, NEIRILAKRGZ ST
b7 —EMZ% . BRI SZ B N 2255 (520 Ja T [ SOK BHIEARS B Z K48 0, BRIMBUR LK K f
TIKBURTT, S KR AT B R . RN, 6 BT AR FEAIK T 0 GDP /K& $2 /K BEER FH 2
2, fRHPUF L

(—) EESLTERE . TR K R R ]

BEANLTERG TR K B R AR ] B R K SRR RE S HEAT AT R R AR A . R, BURN TR T
fiE AN K& T K S AN RAR TS K & 55, ARIEAE S B i FEARTEE, P hg4Em K S &, EIAI
K BEURE S B R B b, RS & B KR B SRR ST e, IR O RIK . R KR E R
ATE K EA R AR E . [, s xd A 7K e B AR vk (0 P KO B e B S A B AR BOUK B k. R
PR ST AR A R K B R A B % A &, iR O S v AR R A v, AR AR
KBRS, 128 WESEMH A, IR0 BETIEE[10].

() RIBHHA XS K AT G4

HES T BT R, AKBEIEEARR . A a5 ARG, ZAE B KB, Smml 24
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JEHHIAR . SERBHBIHTRE S, KITRFEFBOR, WX K SR EEAT IR E A, s KPR Bl B K &
FIFE HOR & BEAC BK BER, K RIRZ ), SRTKBEIER A RE.

(2) BRG], KESOINR LA LT

e A P iEE T, NSRS M SR B IR i f R R 2 B 2R O 58
PR P H AR A — IR PR RS, X A Gt ) 22 G O 2 S B0 28 B AR BRI A At 2 o A 5 3 o
—ERRE G I, BRI N RN AR B 4K, KT SRR OIMRAEA R 2 5% . IR R 22 5%
AR BEE . K BRIRSE AT FIRR SR, (1S R SR B B e A BRI, X PRI 7T GDP HIK
. AAMME AR FIER EEEH

(V9) TR R AR T K R IR AR R R

EEBET KB T B AT AR A SE R3S 0, DRI BURF AN B 7 58 38 IR 5 7K AR 2R . R BT
RIEAR KB KSRIEA T TFEE, [ 2P B AT 1 A RORAA R R . BURF R R R A T %
H AT HK BEIREARIR RO, R ECARJEAT 1K ST 55 s AT KM & BRI R IR T K I8, 3EIR
Xt BRI AE 7K KO DR

&E ik
[1] OKWSES, #H2408, FEAs, 25 W3 HiX T30 GDP F/KERmME R R[], g, 2023(5): 214-216.

[2] SKMSEE, skHEIT, Bi7e, T, PG RGEICH T TI70 GDP AIKEHMI]. ZEAR R, 2011, 39():
384-385.

[8] EEMm, BkFEE, BEF, ME, sk, 726t JEHWM/KIEF &K S E%51% 5 i 6 GDP /KB H
HR R[], A KR, 2023(1): 37-40.

[41 ZER%, w5 T o A AN 2 e R [l B SRR T AR ARSI R[], KR RHR 5 4835, 2023, 29(2):
60-64.

[6] *Big. KRGS RN AM]. 9 kK. Jb5l: Bl H AR, 2021: 8.

[6] FAEHE, . HTRERGA ST TETIC GDP FI/KE ST HM[I]. JLFH AR (E AR AR), 2017,
29(5): 380-383.

[71 #¥%, F32. 7376 GDP HI/K & 77 i b A [J]. SRk, 2022, 24(13): 205-209.
[8] FHHH, FRAS, WOUWE, 2. XIRF/KCRGEATEN: 35 a0 7 R /KR, 2022(5): 89-96.
[91 Z=%A. KTy GDP FH/KERM K 2 M 5 RO R g i [J]. BRI, 2023(2): 108-110

[10] BEmEf, RARTE, EFR, S 5P T ARE HUK SRR T EUR S s s ). B B IRLEA R, 2021, 39(2):
83-85.

DOI: 10.12677/mse.2023.126110 915 RS T


https://doi.org/10.12677/mse.2023.126110

	基于灰色系统理论的黑龙江省万元GDP用水量分析预测
	摘  要
	关键词
	Analysis and Forecast of Water Consumption of Ten Thousand GDP in Heilongjiang Province Based on Grey System Theory
	Abstract
	Keywords
	1. 引言
	2. 灰色系统理论预测原理与步骤
	3. 黑龙江省万元GDP用水量预测
	4. 结论及建议
	参考文献

