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BT EBM K SFIRAB X FE VLS E5 A EE RN
EME. E R ETAS fF OB REf 3% AEE

CHRABANY R 22K 5 AR TREZERE, W4 /KTEE 150030)

# OE. KEERSS XA BRI, FHZFEUE K 25 2 48R TR 0 BB . %508 Tl 85
B R ST 7K VS IR T 3 0 IR 5 1 Sl W R K B R AT U & B g A RS, 7 FH 50 6.4 43 (epsil on-based
measure, EBM) R SUK R R, 856 BRILE KN M AN THEH /KSR SESHHRE: RE,
1E EBM ByEEAl B s — B Bt Tobit B8t — 20 A K BEIRUR AT MBS & Br i R SR R . 45 SR B, 2000—2020 4F B iT4 |
KRN B S B R/NE TR RAEN 75.2 1270 (2008 42) i KE N 425.1 1276 (2013 4F); /K BT i /N & 545
JAE N 11191276 (2000 4E). i KME A 11068 127C (2012 4£). 2000—2015 £ B Wi & /K B E XS 4 5 i iz s BTt
IR AR 2 5 7 /K BRI 28 BB 2 1K 90% L =, Fitit 2020 /K B &5k A 8 138.7 1276, 1ERF AL
B BT A K BHIR A &5t ok e s, K RIRER A SR Bk . BRI K EIR R A Z RN\ . 5 R JEKPFIK
FUFETE 5 1508 S R Bh R BB, T IR B8 P M B AR RIS R W38, T B IR /K BRI R e 5 i 2k, MR 82K
PR 2 G0 R B i 1 ) e SR S R
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H, BB NREOKRERMER R R, FE AT
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ZTHL R GE; Setlhogile 25758 o K PR 15 20 55 k% B A4k
% (SEE-Water) IR E 1118 T /K RIHEMA TR K R,
FER T 7K B B AR N 22 A 2 (R e e K, ) T 5% A
KBRS GLFEART e WM T IEMER, HK
By T KBRS 45 R EUERL, BE ARV T
BRBRGAFEARNES, aRIEN; giRgl
IR BRI NTE B, A HT H B VLA B R
Tl AR F ST T K SRR AR B P4, Had
RN K s SRR e 2O K R PR A
G KRB A, R & A3 E A (vector auto
regressive, VAR) ARAY. ki N AN T 22 73 A5 1K
FHRCR 5 A K SRR,

T TR A B E o b, KRR ARG S5+ &%
GrREEAT 7o IWEMBFFAE b, H BT M
£ FE I K G B BB, SRR 1 EK P
ZTFHIR R o A SCHR /K BE IR 28 40 KUK 48 F i 2 A
R, AT LK TCTE 7K B AU 3 A8 e B 4 0h B E,
LRI PR K T R RS X 2855 B REMA o INBSOME 7 V5 A
FE b, BRI AT ELG E N R AR (A1 B 1Y) R O
R, B IR AR R ) I R R AN T H AR bR (]
TCE 5 BRI 0, LRSS U TR AN i E B s R
ZRHOR RICVEE A RIB N bR 1 E B R R,
Bz wHEbr 2 B BAERE . Rk, A SCTELEEHEK
TR R G IR S 0 S0 RN RN I, 22300 F 40
2853 ) EBM #i7 (epsilon- based measure, EBM)
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LKA HT EBM /R B R 6T XU T S i S 22 Bram R A2 e v A 105

RPN B b ok 2 0 58 IR T A AR IR T B Rk
ZARAPEI I 2R R ARSI ST T T
FEV S Z BN Z R MR bR Bl e, B
S HHIRPR M E BOR R, B B SR B o B8 A 3k
P BTV T AR VP R SR 2T i Y . e T EBM A
A EANTEIEA T SRRy L, A 8 G 2
B SRR AR 2 5 T # R A A

AL e R S K R R R A R 3 B 48 B 40K B
H, B AT TN 2020 4F SIS 7
8%, a2 EBM B BSE RGN AR AR TU AR
&, FEURIEAN b TSROV K B IR e R £ B 4 R
B, PASLEAKR BRI A AR 22 B RO R s K,
32 P Tobit AR 36S 7K B 2R 17 XS 285 4 SR ABLEAT — B BL
TIN5 B IX K BRI RS 28 5 B R (M IR Eh R 2
25 G K BRI FH 2Rt — 2D B R R A K BT
B AN R AR A 7K T 9 2 A X G 8 5 408 2 45 il e 1) 7
R NIREEREK PR R G RN 2%

1 MRFE

1.1 KRFRAESBHRLEZFRLRE

22 PR 9 B A K BRI R gt KU 9 2K 1) O
A, HEAMEAAER T B AR AR SCRK R R S
A REN S RF AT I AR E T, WK B R AR
Bty SR AT AE R TE RN :

U -]
i=1

R __
\ :Z I:?'Qr
r=1

K U NEKBEHRAA R FEMETHR, 6ot V
KBRS A BRI, A40; PONER | NMENIERRIT
s FEARSCH, KB I RAL N TTm® , Hl AT
PRI A TTTCIN: PORE ¢ ANPE IR AN, 44005
TN | NMRANTRFRIURE, 12 m? s Q N r NEHIR
FRIURE, 14ot. AP AR TR ENE T
HE, HtEE AR AT k.

IKGIRNE N AR S E B, SR AT s %
MR FEOKBRAGE M E RRE, K CAEEE
SCHR[A5-18] LAl SR A HHM-RFRM 5 0050 7K B2 5
RGN e AT iR L, DARIEIE BRI fEbr A
BTN &AL HKE. T HKER
Al N A 7K B IR XS 268 57 45 R BB F e N AR, 56
—72 )k GDP. 28 77k GDP. 55 =77\l GDP Fllii[X GDP
1ER7= 4R AER .

1.2 EBM#&H!

A S 3% B BUHE AL 4% 43 AT (data. envelopment analysis,
DEA) 157K 9% Y5 2% i XU 5 B0 2 B i A R e N
PR RR U AR . E DEA J7ikd EBM BEAS T LUl
b A5 e 58 B T U 25 A 280 A 7 Y T PR R BEE DA R 5 BT
B R . fEBEIERE b, 3R e 3R B o X AR 7w I Y
PR E SN IR R U A R, BT, EBM B
RIEE R . KRG TREMRESNT . FARTEN 405

D)

A KRR I I R 45112520,

NT HFABKEIRE RGN BRI, FXf
K BRI FH R A AT P o A S B K B YRR FH 2
R EBM BRI

m(gzﬁJ

i-1 %o

J
StY A% +s; =0%y(i=12-,1)
i

2)
J
A;Yij 2)/ro(":]--zr"'rR)
=1
A; =0,s5; =0
| -7
| >1
g{l -1 ( g )
0 | =1
( ) (3
- @
W ="
W
i-1

P " A B AR P K SRR I RCRAE, i 2
Osr’'<1; A4; N& | MRIEHITTHIME M E; 0 N

BRIV S K BEIR A FHRBCRAE . s; NBRANER IR
b ;& NEEERR 0 AR RFA S CEE S5, 8
T AF G SCHBR[29] 5K HE DG BRAE FE S 1R s RAFAEAE © LA BT
IS FRREAE ) 5w = (W, Way oo, W) FEARA AT (3) 53]

e M w=(W Wy, W) s WO T DMIRANIRLE,

|

DWW =UW =0). X Xo A HINE | SRR T i
i=1
MRNFIPAFR A BTCHIE | NN Yy Yoo RN
AN RITIER ¢ AN AN SR O RIS r A
FEH e WOREE | MR ATR BRI — OB

1.3 Tobit 1&H!

KB AR 2 BK SR TR . AR5 R R
KR TR, PRI KBRS LR E . N
TEBK IR AR E B m R R, fe kA
B A5 E DX A B 7K B8 5 v RIOR BB, AR SR Y
Tobit A&7 FEAT 7K TR F FH RCR 3K S K & 0 #r o

FH T 7K BEUE ) 203 AR 9 (0, X T) A R R S s, 7%
£ Tobit BRI KRB Y, (R, A ScHy g g
TR ABLSR S Tobit F 7K ¥ J5FI F 2R UK 3h R 32 43 A A 74
R,

=P+ B, X, +U+p, @)

X o B NRFVRIE R R X, NS R
MRRIAE; g, NOSKEITIBENLIRZ TR u AKE
IRy e SSE el P N EIVESY ik = 4 ERe

2 REXEEEREERIR

2.1 FRXEHR
BN T ERACES, 2P RUK SR E N



106

gelk THRE2AAR Chttp://www.tcsae.org)

2018 4F

81012 m®, (HAMIKEWEEIA 2 047 m¥, JEfK Tt
FNNIPER K (9200 m3) B, 5 — Pl /E R B T
BESM, HIHRKERREE 60%LL L, SRS
—7=)k GDPAY 5 BT A HIX. GDP 1) 1/3, S8 /K=
I B R (2.76 JU/me )R T4 [E T 147K - (4.45 Ju/me).,
U BRI R B R AT S L Y, (R R (R 435
WKW ARBEMRATEA, BRITEE . =)
AL, TE—EfEE LR T KRR . BT X3
B, WIRER. PSSR B RAE, SRR
BIKRIE RGBS B0 WAE . TR Py, KB
Ik YR B RN K BRI AR AR S R, PR T XS 4
SBPFRIE, HKEIRR G N BT B AR AF
FR R B 1) f

RGBT BT ELFIBKIZER T, (HEHF T
JE 18RRI, AT HAl Ak K R BT, B
LA BARL TR G . Ik, NAKTE BT a4
BFR IR TR H A e /K W R T B AN A B AN PR A /K 8 A
6 28 5 430 2R 4 ) LR 7 5, SR X K W R R G R g
R E .
2.2 HEXRIE

AL UL B VT AR K SR R A R T B I & PR RN
T, TR IK IR R RS PR AH G 7. BRI =K
Pk GDPAE . bk AEr. AT %Ak AN 25 B 55k U8
T (ERILGHES) B, Rk, Tl A s K&
BRI T CERILEKEEAR) B,

3 ZR55H

KB B RGIRNFE B IR FRTUN

T HE A X R ke B T AR K R U S A RS AT R
7, ARHAANTHEML (artificial neural network,

ANN) iR 2 e L& R 2 (BP M) FEF 2020
TEMRITAE DL BT K IR R BN H 8 bR. A

3.1

PRAETIIN 25 AR, I 1952—2015 4F 14 /77 s 24k A Tt
MBHR TR BERS (R Do @I AR SCSCIR AT &, T
TR £k 3] 80%LA LRI FF A R E Ry g 1 AT,
BP 26 BN i HR B TGRS BEAT & 225K, PRI vr BAA)
FHI 2020 SEBENG H HR AR TR BEAT 7K BE IR SR A UG
B AT 5

&1 BPWEFNERAEERK
Tablel Accuracy test of BP network prediction model

T TRk
Forecast project Prediction accuracy /%
Al FH 7K & Agricultural water consumption 91.9
Tk FH7K & Industrial water consumption 95.2
ol A%t Employed population 9.9
H:[X GDP Regional GDP 91.3
#— 7. GDP Primary industry GDP 94.2
% 7=\l GDP Secondary industry GDP 97.7
# =7 . GDP Tertiary industry GDP 91.5

3.2 BRIHAKEZRRENESHNEFMEITE
FIA (2) ~3 (3) A5 2000—2020 =453 117
BN WA TR E, BRI STHRAR R AT T B0 i i
TRFREURERZME . Bilhn, 2015 455550 /R A K%
NN 1751 12 me, 1 EBM AASTHE I ES AR AN
13.19 12, m3, —# 2 Z1 4.32 12, m3flv /K &R A T4
& FEH RS AT SN B fe AR TUR . /E EBM
BRI AR ANTRAR TU R R A b, 256 BV SEBR
SR, RN RALN AN (D 1, R0
IKFFEBAA B FEIA TR . EBM BRI H
TRt R EANEEEEAEE, ZEWARRBEATE
B 7= H AN G B BRI B o T K 5 5 XU 28 5% 43
RAFRL S5 2000—2020 4F %317 /KBRS 2
SEIZ TR AR B AP R (LR 2 F1K 3D,

R 2 2000—2020 FF BRI K FRRAT B SFHPEFHRK

Table 2 Economic losses caused by insufficient water resources investment in cities from 2000 to 2020 fe.ot
tryy  AEARIT Northemcity Sclﬁtﬂ;mn I(I::ty wﬁﬁz!ﬁw Ei;tﬁiﬁ;ky szi;_ﬁé‘ %E.GZ‘IP
Yea om0 B AN G FMA KR AR AN B WS LA oo GbP

Daxing'anling Heihe Yichun Jixi Mudanjiang Suihua Qigihar Daging Harbin Jiamusi Hegang Shuangyashan Qitaihe

2000 748 307 377 64 46.7 0 0.9 0 0 0 7.9 0 22 207.4 31514
2001 94.6 339 287 O 58.0 0 19 0 0 0 79 0 14 226.3 3390.1
2002 455 195 298 70 72.0 0 0 0 0 39 0 0 6.8 1845 3637.2
2003 0 257 422 0 29 328 17.4 0 0 49 7.6 23 0 155.8 4057.4
2004 0 517 337 O 38.6 0 0 0 0 44 173 91 0.4 155.3 4750.6
2005 426 533 551 0 48.3 0 0 0 0 0 16.6 14 0 217.3 55137
2006 766 551 525 0 39.1 0 22 0 0 0 9.2 5.4 0.2 240.2 62118
2007 49.0 0 390 85 54.3 0 0 0 0 0 9.6 0 3.0 163.4 7104.0
2008 430 0 0 o0 312 0 0 0 0 0 0 0 1.0 75.2 8314.4
2009 100.1 0 667 182 556 292 111 0 0 229 190 0 35 326.3 8587.0
2010 78.3 24 317 0 46.0 0 0 0 0 0 0 0 45 1630 103686
2011 1079 478 619 31 57.2 0 7.7 0 0 93 199 0 0.4 3150 125820
2012 0 625 680 89 476 170 195 0 0 14.7 8.3 0 29 2493 136916
2013 1107 613 880 253 437 297 15 0 0 198 130 16.7 20 4251 144549
2014 0 0 496 175 56.8 0 16.6 0 0 0 19.6 0 49 165.0 15039.4
2015 0 0 498 71 485 0 9.7 0 0 0 17.0 104 35 1461 1581352
2020 74.6 0 776 110 520 180 13.0 0 0 0 236 27.0 39 300.7 1952227
@it 897.7 4439 8120 1130 8185 1267 1150 0 0 799 1965 72.3 40.6 37159

Tota
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3 2000—2020 F &K FIR= HEFRALE
Table 3 Economic losses of water resources output in cities from 2000 to 2020 ¢t
JeEsI T R PEFIR T BRI R

f(pezj; Northern city Southern city Western city Eastern city Heil ;/;fglei ang Rel:gi((;;nzlp

KMzl B E MR @Mk MR ORIK KRR HEARET B Wl BHW province  GDP
Daxing'anling Hethe Yichun Jixi Mudanjiang Suihua Qigihar Daging Harbin Jiamusi Hegang Shuangyashan Qitaihe
2000 61 97 153 20 467 0 45 0 0 84 5 0 187 1119 31514
2001 43 123 148 0 535 0 61 0 0 137 4 0 217 1267 3390.1
2002 32 116 145 29 503 0 54 0 0 113 0 0 177 1168 3637.2
2003 0 151 72 0 547 830 143 0 0 207 1 16 0 1968 4057.4
2004 0 162 37 0 387 0 70 0 0 210 63 262 273 1463 4750.6
2005 27 253 106 0 517 0 0 0 0 337 100 146 0 1486 55137
2006 13 118 303 0 585 1370 167 0 0 173 95 84 285 3192 6211.8
2007 6 0 268 0 542 0 0 0 0 0 88 0 332 1235 7104.0
2008 161 482 0 370 1240 1955 248 0 0 360 308 0 361 5485 83144
2009 47 0 425 202 489 2327 245 0 0 201 205 0 183 4325 8587.0
2010 797 269 433 0 1780 0 258 0 0 266 131 0 431 4365 103686
2011 107 766 119 1241 2176 0 607 0 0 1508 512 0 522 8635 12 582.0
2012 0 740 1140 1087 1997 2832 648 0 0 1650 283 0 691 11 068 13691.6
2013 577 638 1143 773 1032 1231 377 0 0 688 261 100 477 7 296 14 454.9
2014 0 0 1021 656 1858 0 580 0 0 0 738 0 663 5516 15039.4
2015 0 0 756 502 887 0 3% 0 0 0 571 191 448 3750 158135
2020 370 0 1792 1232 1428 1039 491 0 0 0 373 156 957 7838 19522.3
;E; E; 2241 3915 9138 6112 16970 11584 4390 0 0 5934 3738 955 6204 71176

Mk 2 vl%1, {EWFARTEBN, XSPET. ST, 5%
FERG IR PE/RIET  ORERTT . AR XURG LT

3 VA T RS B 117 09 FR K R IR AR 2 S U & 558k
A%, S EIHIX GDP 1) 1.04%0LL F, % X /K %
WA, KEER SRR R, 7 CARIEK SRS
BRI o KD 2208 1 X | P T AR T 7E 2000—2020
SERK RN B ST REIITE 800 1Ltk ti, 1ZIX
WK FIRBNGETRRAE 2 b BT BN S TR
JABI 68.0%. A, 121X 45 7 B B 5 Sy 7K BE I g 250
FHEI IR R, 8 A B Fe K SR, s R AT KR,
VA PRI K B R A BRI 7, ATT BRI R 7K B8 IR
BN R FHIL TS . 2000—2020 4 B30 17 iK%
PN R FEI S L TEHRAL BT BN
H 1) 11.9%, FBZX oK SRR R AT, AFRIEY
MACIK BIREC S, IR KFI S 5, S K R I =
LGP

AKEYR T H 25k A2 FR il i EBM BT 1SR G
Hi[X GDP 55zfriti[X GDP % . M 3 al%0, Wist
BN R AL PRI A T K B A B ok
B, U0 BH IR R 2 X IR i /K B YRR i)
B O FH K BC I, (R B PERA ZK SEJR IRT YR 9%
A BEFEAR K TR A BF Bk o KERTT . W ZRVEE T AL
G L T 7K B RS A TR RAE N, RAEZ X 3= ML 45
MIEEL, KEFEHAETF R B R . KSR, 2
WL APETT . SRR RN, BTG
W KR AT AL T R EIRES, BT KX
W SRR — 5 W, [FIIIR 3R T 34 K IR,

SHHMX GDP 5H g X GDP A — & £,

T RE 5 o AT BB BT AR K R R 2 i RS X 2 R 1)
SUMAFERE, BB K BIERAA E T B AT R
SRR, IRAF KPR IR A KU T 3 2 580 R A
HE5 X GDP T HLEE, 19 2K BEI6 2K RS F B &
Feai g K H X GDP R ELH] (LK 1),

12000 - 490
—— ZT5#15 Economic loss 150
”5 10000 —s ri Lt Proportion
T 70
2 N
2 8000 60 S
= S
£ s0 &
€ 6000 g
g 40 2
3 5
-
% 4000 30 2
20
% 2000
W 10

0 N N N L L L L o
2000 2002 2004 2006 2008 2010 2012 2014 2020
44y Year

A 1 2000—2020 “F 2 RIT 2 KK B X AR50
LZFARE AL &M X GDP i)
Fig.1 Economic losses caused by the imbalance of water

resources in Heilongjiang Province from 2000 to 2020 and its
proportion of regional GDP

TR 1A, EAREE RIS 2000—2015 FK HEE
AT XS T BRI B AR R AN T, (ELZK 8 R SR A XU
SIZ TR HHX GDP #5005 B 1
P, ULHISER B BRI A S5 T R R R B, [H
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K BEIR R G I N U B 7 ) R R . 34 BB E A K 555 R
S, TE 2020 4 B RVTAR KGR AR 255 4 KA L X
GDP (I LL ik 2] 41.7%, 5 2015 FM LA KigSE . i
B TR BRI S BN, S BUK B IR KR 48 5 2%
IR, FREFT BV AR 07 b 45 M K R S N5 T
MHEATECR AR, A AR AR K B I8 e 7 KU 5 B0 42 35F
k.

TERFFEIT BE N, 2008 4F B V144 7K B U S 1l KU 5
NG TR L H S Hb[X GDP L s K b k. 45
A3 2 F1R 3 A%, 2008 I HK BHE AL
FHAETIURAEEL 2007 FFFFIK T 54% (88.2 14.70),
MK IR A B RAEHII N T 344% (4250 12.76),
[EE, HiX GDP XN 17%, Hit 53 2008 4F 2 AT
B IK GR350 1012k Je H GDP [ Ll KR i K. 7T
HIFER, FERZHTEREF G, SE- ek
MR U, (ST 4 1 X GDP IR /N, 7K W5 g i
RS B 57K o L3

TERFAR BN, 2012 4 BpiT A /K B Ak i KU 5
BB R J H X GDP el ik B i KAl . 458

R 3 WA, 2012 FEHEIpITH KGR A G R e
(11068 12.70), [FIHIK BRI NGB KA 249.3 14
JG, KBIRREE LG K L X GDP [ L6 A 82.6%,
Ui B 2012 4F BT 4 /K BHIR A A 2R H 3 30 & 5 40
KEK. 2008 HE B VLA HAKTIRBNA L F R iR
KAE /N (75.24278)~ 2013 4E /K EIRBNA L F B
LUK (425.11470); 2000 AR /K B~ 4 51
Sl (L1194278). 2012 4EP= H 4 ik ek (11
068 12.71) . 2000—2015 4 HE Iy T 44 7K B I 2R A XU 5 25
PGB PRI BT, K BEJE = H &5 R 35 o 7K B R
AR 25545 2K 1) 90%LA L, Tl 2020 47K B I 2k A7 IRV
SN AT RN 8 138.7 /47T
3.3 KHFRFEFAYERRIEFNEZS
3.3.1 RFRA) R BESAT

I EBM BEALTHREK BHIRFN T MR bR TT R BT
AT CATH K BT 5 R 26026, [R] B R A 7K 58 5 R FH 2%
SR R4 S K SRR XS 5 40 Z Al e R AKBIR &
G AR RR K, 7K BT IR R R0 AR, K R R 2 A XU 5
ATk (MR D,

®4 BRIESWHKERNBER

Table4 Water use efficiency of citiesin Heilongjiang province

17 Cities 2000 4 2003 4 2005 4 2008 4 2010 4 2012 4 2015 4 2020 4
K220 Daxing'anling 0.38 1 0.64 0.16 0.7 1 1 0.88
SBJ Heihe 0.38 0.37 0.62 0.68 0.74 0.85 1 1
1% Yichun 0.35 0.58 051 1 0.37 0.27 0.24 0.12
RS 7G Jixi 0.85 1 1 0.62 1 0.52 0.58 0.61
#EFHT Mudanjiang 0.34 0.42 0.59 0.40 07 0.47 0.79 0.52
224k Suihua 1 0.89 1 0.73 1 0.65 1 0.82
FFE R Qigihar 051 0.274 1 0.35 0.65 0.26 0.78 0.73
K& Daging 1 1 1 1 1 1 1 1
/R {5 Harbin 1 1 1 1 1 1 1 1
FEAHT Jiamusi 0.34 0.56 0.41 0.6 0.35 0.38 0.6 0.79
#5 Hegang 0.81 0.87 0.56 0.51 0.77 0.58 0.36 0.41
HUfE 11 Shuangyanshan 1 0.88 0.67 0.93 0.62 1 0.71 0.68
G & Qitaihe 0.32 0.36 1 0.57 0.45 0.36 0.3 0.12
SBHIT4 Heilongjiang 0.38 0.49 0.61 0.8 0.87 1 0.93 1

e BTRIERR S, AURR S K BEER AR .
Note: Due to space limitations, only part of water use efficiency is shown.

BLETHES, EZKBEIRIA WS P BUR 2 R R ARIZ A
Thi, BRI AR BHE R G T A EIRAS, 2
BRI S JETT A8 7K BE IR R P R0 K 9Bl PR 2R 3 A 2
IOEE Y/

M R H e KM W i [X K BRI F 23 A7
FEPLEN 07K BT YR RAG ARG 3 B 22 B 4 K S BN P
¥, U IZ DO R G EBIE B K B 5 1
AN A BRI, R RES . RIHIKE
PR R 2IP RS ETHIRES, RN KB 2R A XU
SEIATHURAETP AR, 2R A K BRI i
FUER AR RIS 7k o FF 555 7K T 7K BT IR A%

FMK BT Y R A KRS 3 30 A 2 BF 41 2k R I ol 2 Bl
B, USSR R T ORI EBDK G BT ), /AR
SEDLH M, (R I A 7K B e ROR B oL, ek
TR B % A AR B BRI, ST K BRI AR
(T R EN b= N E A E S R TR/ 1 SR N /S o 3
HuIX, ARG IEA BRI, IF HpateBek, [
I 7K B A G T B 2 B UR B, B Tz X
ANV IR BCRAG, IBEIRVRE, & EBUFMAR
M EAEREIRE . AT 10T s R . K
PR T AN 22 Ak i 68 DR A v R K BRI 8%, RIS 7K
PR SR S 3 BN A PR R R T Ho AT, B
2 DR B B R S K BEUR B2
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ST EBM 7K BRI R (7 XU T B A 2> 40T B R A TR 2 N 109

R TR A BRI SR ARk KRR L,
IKBHIEF BRI N m R BRI RCR A
ER0E 4 N5, RiF ArcGIS 2 2020 4F 7K %5 U F)
FRCR SR A AAE LE 2). WEBEARKE, 2020 4
FIRTTAR B3 K YRR R A =, 48 0 X )
IKBREA BB TR &R, NERIERMEE, KE
PR AR 2 AL MR, RTINS, R
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Table5 Correlation between water use efficiency and driving factors
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EBM -based social economic loss model of water resources
imbalancerisk and its application

Jiang Qiuxiang, Wang Tian, Wang Zilong™, Fu Qiang, Zhao Youzhu, Dong Yujie, Zhou Zhimei
(School of Water Conservancy & Civil Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: The water resources system is closely related to the regional economy. It is more intuitive to use economic value to
reflect the losses caused by water system risks such as water resource imbalance and mismatch. In order to evaluate the risk of
water resources system through quantitative economic value, this paper firstly constructed the water loss risk economic loss
model, and used the EBM model to calculate the water use efficiency, and combined the water price and per capita wage in
Heilongjiang Province to determine the water resource risk value. Then, based on the EBM, a two-stage Tobit model was
added to analyze the causes of the risk economic loss of the water resources system. The results show that the least economic
loss caused by insufficient water resources investment in Heilongjiang Province from 2000 to 2020 is 7.52 billion yuan (2008),
the highest is 42.51 billion yuan (2013); the economic loss of minimum output of water resources is 111.9 hillion yuan
(2000), the highest is 1 106.8 million yuan (2012). From 2000 to 2015, the economic loss of water resources in Heilongjiang
Province increased year by year, and the economic loss of water resources output accounted for more than 90% of the
economic loss of water resources system. It is estimated that the economic loss of water resourcesrisk in 2020 is 813.87 billion
yuan. Jixi, Suihua, Qigihar, Harbin, Daging, Jiamusi, Shuangyashan, Qitaihe and Hegang have lower economic losses caused
by input and better water resources allocation. The cities with large economic losses caused by output are Yichun, Mudanjiang
and Suihua, which require the government to pay more attention to the utilization of water resources in the region. It is
necessary to rationally allocate water resources, improve water use efficiency, and reduce the risk economic loss of water
resources systems. Hegang, Qitaihe, Jiamusi and other major grain producing areas have greater risk of water resources,
greater economic losses and lower water use efficiency. In general, the agricultural water use efficiency in Heilongjiang
Province is low, and the phenomenon of flood irrigation is till serious. It is necessary for the government and farmers to
cooperate with each other to improve water use efficiency. During the research period, the risk economic loss of water
resources system in Heilongjiang Province was large, and the water use efficiency was low. The water use efficiency in most
areas was only in the medium range. From the perspective of spatial distribution, water use efficiency is high in the north-south
direction and low in the east-west direction. The water use efficiency in the eastern region is lower than that in the other
regions. The water resources system of Heilongjiang Province is affected by industrial structure, per capita GDP, per capita
water resources and water resources investment. Water price is correlated with water use efficiency in only a few cities,
indicating that the government's purpose of regulating water resources through water prices has not been met, and the
government needs to introduce relevant policies to change in the future. This article will support the development of risk
aversion measures for subsequent water resources systems.

Keywords: water resources, economic analysis, models; EBM; Tobit; Heilongjiang Province



