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Abstract

The study has drawn the following conclusions by examining the development trend of ecological
water consumption in Shanxi Province from 2011 to 2020: (1) The changes in ecological water
consumption and total water consumption in Shanxi Province over the past ten years both show
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an increasing trend, but the changes are not completely synchronized; the ecological water con-
sumption level is higher than the national average over the same period, but there is still room for
increase; (2) The changes in ecological water consumption in Linfen, Shuozhou, Jincheng and
Xinzhou are small and not obvious; the ecological water consumption in Datong, Changzhi,
Taiyuan, Luliang, Jinzhong and Yuncheng show an increasing trend and the changes are obvious;
the ecological water consumption in Yangquan shows a decreasing trend during the study period;
(3) The per capita ecological water consumption in Shanxi Province as a whole tends to increase
over the 10-year period, indicating that residents in each city mostly benefit from water resources
invested in ecological environment maintenance, but there is an imbalance in the amount of bene-
fits among cities; (4) Policy factors have a positive influence on the increase of ecological water
use input and the optimization of water use structure.
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ASIRET K ORAERS K, RIERER SIEHE N, AR RGYERr— € MR e RS I B 2 brf i
KE[L]. —HEUSKk, WASHKNT I EE RIS KRG MK RS RAT, 7k B &
IKICH ABEY . KR TREMAY TRES SR, R RIS ES R FRAAER R ZER.
X XS B L R N AR S RS, W AR XIS S D42 R 7T 2 TS 5t e 5647
TEZESE, NIRRT FATI AL T 20 I B [2]

AT EFRLETRX, 2EGEIRE A AR KRG S G ALIE R 1 HA G2 K
KIHIEPRIEDL. N 20 el f5, BEEA U RRE, TR K. ARl A KR T A= 36 FH K 0
FREEIN, JEATE S R KR EAS 2 AR T IR 4 4 R A 2 B R S R (R AR S K R % 45 4 B
3. CLPUBAKEIEAIRD P ARSI /KRR H ATME— e IR RN /K BT EAUZAL
P IE AR 1 X IR E B4 N AE SRS /K IR SE B g, 2 1L P4 TE4E FIVA B 2 B A58 TAE g
FIFIPOC I B S . BT H AT LR 250 A S T S 2 1, AR SR A IR R R A A
HEBESHEBE . LUK IR G E IR E A T RES R DLt — b4 AR S K AE s /K &=
BN B SR —E 5%,

2. BRSTTSEMMARE LR
2.1. BIEXKIR

Tt 5 36 U [R) 5 B 0 2011~2020 4, 4% 10 4, skl 2011 A2 % 2020 4 [AZAE L4 Siih 4
) A QTR K BRIE AR [4] [5], BFFCIX IR B R L i AT RS T RE T I, e
i PSR KA I, ST, I B, BIRTAE 11 T SRR PRI A IR A G T,
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22. ARXERER

Ll PG48 M Ak A L b SRR, b EARAL S U RS, SRS S MR B OOK R, R T E
SNRBDKR[T], 2 AZETYEMR . BARSEOK SRS, (HlR T KT RMEE R, K™ B R &
SN, AT ERACKRA . A SRR Tl KRG R A, 2 45135 B /K 5(1958~2013 4) 598.9 x
10° m*~995.6 x 10° m®, e HH(FE 1), W7 10 £ P54 P F/K & 853.43 x 10° m®, JBIEH
JEFE; 11 mi RN M R, A 133.69 x 107 m®, KJET L BHAR T B K I MIBAR, 23514 35.95 x
10° m® 1 25.42 x 10° m%,

Table 1. Average precipitation statistics by city in Shanxi Province, 2011~2020
= 1.2011~2020 F LA & & K ES T

Enn T (km?) EHREK A (107 m)
N 6878 35.9528
KA 14,097 63.5602
R SR T 4517 25.4161
Kiam 13,863 79.7957
I 9349 58.1205
I 10,656 48.3774
T 25,143 133.6886
SE i) 20,988 122.1397
i 16,347 91.4158
& ¥ T 20,200 114.4070
bze! i} 14,233 80.5589
e 156,271 853.4278

2.3. WMiRFAS8RA%

W F0R P AL I AR A PR R KOK PRR AR AT 2017, BIAR S BREE K AE R ST L FK B it S b . 1%
TR RT LAS RS X 3 A S B AR S TR R 45, o s X B R KT Ik S5 H
BHE L KBRS ARt KB B FKSE . FeAR B s — A ST AOK P A
BB AR Ja 2 R E R MK SRR LS4 b BRI £ /0, fRfrml%a %, 15
PR Z b L EARFR AR AR T 530N

EBREHAOKT = EEAEHKEBAKE; X ASIHEAKE NS K E K A
“x10°m®” s AEA IR K KT (AL E 43 (%)

NEEBHAKT = ESFEHAKRBAD; b ASHTAKEREAZ “x10°m®” , AH
AL “HN”  NBAESHAOKFELE 75 (%) it

3. MRBAESRHKNEET
3.1 2EHESHKETLIES

W 10 4E[A) 44 AR 25 K B AL K E AR 2 (& 1), B &A%/ 4
B BH/KELE 2014~2016 SFH I —AMEORIEIE, £F 2013~2014 =40 2019~2020 4F )43 5] H 30 PR A48 A A
S TR, 5 I B 1 Jo AL 4 0 -5 30 e 2 15 i SR (0 A 4 7K B D A 5% T AR S H /K AE 2017~2019
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AR ARAE B [RIAHT: S /K EAE 2019 4E1A %) 10 “E[A e =, A /KETE 2019 F1 2020 ik 2 i
SR 3 B AT R AR AR USG5 AR 2014 4E AT 2015 4E, 58K SR B IR A — AN B
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Figure 1. Changes in ecological water consumption and total water consumption in

Shanxi Province

B 1L WAEESAKEMSAKEZNLER

3.2. EhESHKET LS

W AR SR T 41, 1P Py Eoth 10 AR S /K E SRR L @as. Hiilmwyii. s B .
WEPHPY e 10 4R 114 25 K AL RE BN, RIIR(F 2), KW Kiam. KEW. BEN. Hh
T BT 7S T A AR A F K 1 ik 35 ) e S B B 2).

Table 2. Four municipalities with insignificant changes in ecological water consumption during the 10-year period (x10° m?)
= 2. 10 FEESAKETLIRERR R A (x10° m®)

Fhy I % T PN I P T
2011 0.3250 0.0707 0.1775 0.4618
2012 0.3227 0.0822 0.1222 0.4523
2013 0.2961 0.1278 0.1328 0.4370
2014 0.2440 0.1696 0.1301 0.4566
2015 0.3077 0.0637 0.0810 0.4920
2016 0.3483 0.0595 0.0985 0.5260
2017 0.2958 0.1002 0.0906 0.5507
2018 0.3428 0.0846 0.1198 0.5369
2019 0.4018 0.1226 0.1202 0.5800
2020 0.3348 0.1292 0.2352 0.4967
YA 0.32 0.10 0.11 0.14
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A A K AR A A AN DU T A, 10 45 (8] A= 25 FH 7K B (9 18 B K E/NHES 2333 A e 3 717 0.33 %
10° m®, NPT g, ST H T AME 0.14 x 10° m®, 3T 4{E 0.11 x 10° m®, M T E AR A 0.1 x 10°
m®. ELSR PUANTIT 4 25 K B AE BN T2 AR A A AR B 2, (ELKHRTE 2015 4K J5 45 S B0 H s BT
#

W SR S B K B34 0B B0 6 b (7% 3), KIFITIAE 2015 4820 0.17 x 10° m®, 2016 4 [f]
4 AR K B 5t 2 08 0.59 x 10° m?®, [ bk 2015 4E 8K 241.76%; KA 117 7E 2015 4E 220 4 0.21 x 10° m?,
2019 “FESTBE /K ERZ N 059 x 10° m®, MLtbz FHK T 186.07%; B3R 2013 £ A4S HIK
F /b A 0.3261 x 10° m®, 2020 £ %4 0.84 x 10° m®, 5 2013 £EAH ELI K 158.97%; KA i /N A 2015
£ 0.25 x 10° m®, 7F 2020 fEx %4 0.91 x 10° m®, MLk 2015 4EH K T 266.12%; & 1lifE 2015 4E %
/B9 0.18 x 10° m®, 2019 4EAE IR K B2 N 0.55 x 10° m®, XLt 2015 4E14 K 214.54%; &30
2014 4 #2724 0.04 x 10° m®, 2019 4F [H] [ 4 25 7K &85 £ 40 54 0.28 x 10° m?, # Lk 2014 44 K: 535.80%.
AL, AEESTAEE R K S S B R0 6 T, 5 e (B AN R AR R 1 AR Ak 22 BE UK e/ IME 2 HBILAE 2015
E(HIL 4 R), mAMEZ HITE 2019, 2020 4, X544 MRS LA R (2019 E4 4 A S F /K B s i
%, N489x10°m°, 2015 4EH/b, A 2.35 x 10° m®),

Table 3. Six cities with significant changes in ecological water consumption over 10 years
2 3 10 FEIESAKETHIBEREMN 6 1N

A E#&)ﬂﬂé%ﬁ% E%&ﬁ%ﬂ;iﬁw A2 L A3
(x10° m°) (x10° m°) (%)
KJgi 0.91 (2020) 0.25 (2015) 266.12
yNGilil] 0.59 (2016) 0.17 (2015) 241.76
Ky 0.59 (2019) 0.21 (2015) 186.07
SF il 0.84 (2020) 0.33 (2013) 158.97
e 0.55 (2019) 0.18 (2015) 21454
EH T 0.28 (2019) 0.04 (2014) 535.80

WEFCH 10 4E6], PHRWIASHKESR FREES, E48 ik, 2015 AESHKERZ, N
0.23 x 10° m?, TMHFFEHIK 2020 4E F R4 0.13 x 10° m®, TF%& T 38.53 N 70 e

4. ESHKKFHTL
4.1 ARHAEEESHFERKKEELER

FAKAKP e e T TR B/ S KB E. — RS, FKEZEEREHKRANEKEZA,
FeARTE K T 7K Ol KA TARZSH B (R A HiHh B AR S RS /K) A K YRR F P etk A
FEIK 7% v s ST P FH/K & 6 4 O 2011~2020 4E 10 £E 18] 1L PG 4 & TS A P K B S K B HEE .
W Eom, 10 £E1A) L pa 4 AR 28 K B 2418 9 3.36 x 10° m®, 2[R 3 10 4F 8] 4244 34 44 /K B 1) 4.54%.
T [ 3 Tk FH KK ARl F KRS R AR 38 F KK S 3408 43 38 59.07%. 18.87%F1 17.51%. 4R, 4=
A H K-S HAR ST AKAH B8 T — MR K

F7¢ 4 AT, 10 4FIA) LA AR S K B A S KK IIE R 4.80%. AR4E (HFEKEFEARD 1
F IR, S EASHKEARFME N 2.17% [6]. BAKM S, 2019 4£. 2020 4 1L 445 A 25 KoK
Vo, 43N 6.44%F1 6.59%, 2015 EH RN 3.19%, HAREMIEARREFE 4%, 4. A MEEAS
FKK-F AR AE 2020 4FF1 2019 RIS H B &, 70l 5.3%A1 4.1%, (HHRFEM NS ELE 2% A f.
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SR, W T P AR S O SE (4 K, 10 4R 18] — BAL FHCmKT, RUIIL PO AR A A3
S T RN R A ST I

Table 4. The proportion of each basic water use to total water use in Shanxi Province in 2011~2020 (%)
F= 4.2011~2020 FILFAE EMELXAK G2 AKELLE(%)

Fr AR KA A 7K A E Tl K At A K E
2011 4.63 60.49 19.23 15.65
2012 4.52 58.19 21.12 16.12
2013 4.73 58.11 19.88 16.26
2014 4.82 58.20 18.68 17.10
2015 3.19 61.40 17.14 16.73
2016 4.31 61.83 18.01 16.72
2017 4.02 60.08 17.14 17.15
2018 4.72 58.32 18.01 18.09
2019 6.44 57.7 17.71 21.26
2020 6.59% 56.35% 17.02% 20.04%
T8 4.80% 59.07% 18.87% 17.51%

AH EE A FH KA Tl K K ERT R AN B AT =, 2B /KR A 18 KK ERT R R
] 2019 A1 2020 EARAL LLAR A, SRIUNIEIN. S TG 2011 440 LLAEZS /K /KF1E 2020 4E3E
KT 240808, EEHKKEIEINT 28%, 9 nisEF&EH & .

42, BAEASHERAKKE

HARFIE A&, BHFCIBRBAR A, HR 10 TTAESHAKPE R BT . Hd 6 Ml
B, 4 DNTHARLIEFE RN 5)o /KK B /S AT, ARS8 F KK I WK B NEE S 43
AR PN, ORJET . KEM . Kyam. S .

PN T AE 2019 FEAE S FHZK /K T KON 8.64%, 2013 4Ffie/NAN 6.86%, H4EK, MM midE 2K L
BINT 0.9 ANE s KJETHTE 2020 A HIK S AT EL 2011 42/ 9.34%, #8hnT 1.98 MEA & K
[T 7E 2016 A KKy 9.41%, 2011 FFi5 R/, O 3.91%, 2020 41 8.57%5 2011 4FAH
b, 3807 4.66 N4y . KIGTTE 2019 FFEAEEH KK KA 10.34%, 2015 Fi/MA 3.87%, 5T
B IAR T BIAAS K KSE A 2011 41 4.66%38 HiE] 2020 4] 7.88%, T 3.22 ME 5. HHT
7E 2019 fEAEFB KK TR KA 7.89%, 2015 FAEH/NA 2.39%, WHFFEHIN 2011 FAZHKKFER
4.61%, 2020 FEHINF] 7.51%, 0T 2.9 NE S . W THAE 2014 A KK 5K A 6.56%, 2016
FEILFIR/NA 1.19%%, WF 7T M 2011 4E 1.429%18 %] 2020 £E1) 3.22%, 07T 1.8 NE 7 M.

Table 5. Six cities with significant changes in ecological water use levels over 10 years
2 5. 10 FEESAKKEEURERT

A KA Kifiti B Mg B KT
2011 3.91% 4.66% 1.42% 6.69% 4.61% 9.34%
2012 5.01% 4.56% 1.62% 7.13% 4.16% 8.85%
2013 6.64% 4.24% 2.39% 6.86% 5.73% 9.72%
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Continued
2014 6.24% 4.44% 6.56% 7.07% 4.91% 8.63%
2015 2.76% 3.87% 1.31% 7.40% 2.39% 3.34%
2016 9.41% 4.74% 1.19% 7.91% 5.99% 3.86%
2017 5.17% 4.61% 1.98% 8.28% 5.10% 4.97%
2018 6.01% 5.41% 1.71% 8.03% 5.97% 5.10%
2019 6.88% 10.34% 2.50% 8.64% 7.89% 8.94%
2020 8.57% 7.88% 3.22% 7.59% 7.51% 11.32%
¥ 5.96% 5.48% 2.39% 7.59% 5.43% 7.41%

TERA AR AR (R 6), AERHAKKFRBSMER SN M 7.59%. M 10 46 5
7 8.64 (2019 4FE)FIHI(E 6.86 (2013 4F)/r Il S¥I(EMZE 12.15%F1 20.6%; “FIMEEHARIEIBIRTT N
0.85%, 10 4F [ {H 2.67 (2019 4F)FIGMGAA 0.27 (2015 4E) %> R S5 4 2 214.12%F1 68.24%, Z=HH#
Ko BAL, VT RIEIME R 4.20%, 38T K TF1E N 2.79%.

Table 6. Four municipalities with insignificant trends in ecological water use levels over 10 years (%)
7 6. 10 FEESRAKKFENEB AT (%)

i I 73 7 B H T H )
2011 4.12 6.96 3.96 0.32
2012 4.34 7.13 2.52 0.41
2013 3.96 6.86 2.76 0.39
2014 3.41 7.07 2.99 0.43
2015 4.08 7.40 1.88 0.27
2016 4.47 7.91 2.27 0.54
2017 3.81 8.28 211 0.79
2018 4.23 8.03 2.76 0.96
2019 4.94 8.64 2.76 2.67
2020 4.68 7.59 5.65 1.70
WE 4.20 7.59 2.79 0.85

FA SR T 10 4F 18] A= 25 F KK 384k 5 R B34 (141 3), 2012 “EAHEL 2011 4R 8 KR H R %, 15
g2 [al T, F 2015 SERTAWT R IR KMH 11.94%, 17 fGE LM AE R I%, 2017 SRS /K& 5 ELik B i/
N 3.07%, [FIEL 2015 SE[#AIK 34.6%, )5 BARA AT LI, (EAMET-HF WA A 25 K KR

4.3. ANBESIFERKKE

NIJHEZS 7KK S 8 R MK BEIR N AR ST R 4 dr v (IS ) 2 28 =K, fEAnm Iz ai 2, 18
PRI B2 2570 o B FT AR 5 NS AR 23 B TS, (H5EBUE AR (K 3). 2011~2015
B NI HAKE KRB FTRE, 2015 407 /5 HILR T R, 2015 )5, Fial 2018 44, A
PR AR ML T RRIEEE R . TR R 2 Ab Tl PE 4+ = Toi Ry S ) 2011~2015 4,
L P A28 1 i B R E TARRT . SR R SR 7 T R 2, T & L Ath 0 43 FH KO AR 28 K 72 AR
TH A, Ml PEE = F R (2016~2020 4F)H i B < IRRRER SR IFEIN, IR TIRIAEE 545 K A
HHMA” , R 2015 FJEX IR R T &M, HBUMT I ARSI I DS G S A %
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Figure 2. Trends in the proportion of ecological water consumption in Yang-
quan during the 10-year period
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Figure 3. Changes in per capita ecological and environmental water consumption le-
vels in the province

E 3. 24 AMESIFERKKEEL

EHH ABERIFEAKKE

AN 1L WIS, PHRHE NANTZIEAR SR ERCR, 2Rl KR KA. HRT. B2
W T, T b, KEW. KT ST, BN F R R E R A E S KRR
AR FER OB AR E 2 EHEaSA s PR FERER IR R E SR 2 R RS . K. Sk, i
PNTT WU T 330 T 45 LA T I N 35 A A5 A 8 FH 7K K A8 A g B e /)N

4 a5 BRPHSR TSN FAN A AEZS FZKOKSFEIE 2015 45 H B s if fe & Bt Horpok iR
7 2020 4 AN AE B /KK RN 0.17%, 5 2011 4F 0.13%HH ELIE K T 30%, 15 2015 4EAH
FEI K T 267%. KA 2020 F ARSI B KK 0.17%, 5 2011 FFAHELIGK T 123%, 1fi 58
iG55 2015 4EAH LL EL 3 K 208% . 311 17 2020 A= A5 2E 2 H /K ZKF 4 0.08%, 5 2011 FEAH LEIE K T 83%,
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5 2015 4 0.04%HH EL 3K T 102%. 55277 2020 45 A4 &5 H K KP4 0.25%, 5 2011 41 18%
FHELIEK T 41%, 5 2015 4F 0.10%AH EL38 K T 158%. %11 2020 45 A 34 AR EE FH /K KM 0.15%,
552011 4F 0.10%AH EL K T 50%, 5 2015 4F 0.05%#H LK T 187%.
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Figure 4. Five cities with small changes in per capita ecological and environmental

water use during the 10-year period
E 4. 10 FE AHESTHER KK TLBER KB RT

FHR T 2015 42 A3 AE A FREE 7KK Ab T 10 4R 1] (1) 5 s0A 0.18%, 2020 4F (1) N3 A= 3R 58 A /K
K 0.10% 5 55 i s A EE R % T 45%, 5 2011 4E 0.16% A1 L R % T 38%.

7 7 AAIKIATT . ST TS RIS TT . BITT N IR RN AT . Fod, KR
BIRTE 2011~2018 FEAEN, NS IAEE R KK )\ EB FFE N 0.10%. 0.03%, 2019 5= H ¥
B 0.19%. 0.09%if S BE Ak B B, (EAT e TRl )\ e UM T AT ¥ 117 10 AR [R] NS5 AR 38 35 FH 7KK
PR BN, A ILTE 2019 F 43l /& 0.22%- 0.10%fH 5 5 fik 25 0.16%7F11 0.06%4HLL, 224k
Wi PR/ o I TTT 2011~2020 4F 10 4F 8] N3 AL A8 7KK AR A B/, P 344E 4 0.06%, - 2020

FH R RE 0.11%.

Table 7. Four municipalities with insignificant trends in ecological water use levels over 10 years
% 7.10 FE A ESFER KK FERIRER AT

T Kih T =241 A i 3 7 i)
2011 0.09% 0.08% 0.17% 0.08% 0.01%
2012 0.09% 0.06% 0.17% 0.08% 0.01%
2013 0.08% 0.06% 0.16% 0.08% 0.01%
2014 0.08% 0.06% 0.17% 0.06% 0.01%
2015 0.07% 0.04% 0.18% 0.08% 0.01%
2016 0.08% 0.05% 0.20% 0.09% 0.02%
2017 0.08% 0.04% 0.21% 0.08% 0.03%
2018 0.10% 0.05% 0.20% 0.09% 0.03%
2019 0.19% 0.05% 0.22% 0.10% 0.09%
2020 0.13% 0.11% 0.19% 0.09% 0.06%
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WEFERW], 2011~2020 4F-H4E[E] 1L o4 NI ESHBHAOK Bk L2 ETHEY, RUaea S0
RO RE MK BEIEARNAE SR A b SR U 2t EA TR S 1) 22 D A7 AE 28 1) B AP 1 L . B
WIS, AR ESIRE KPR K ZAE 2015 4E2 J5, HRor T i NS84 SR 5E 7KK SF Sk
BAL, U5 A BT NI LSRR LR B, Ui B 1 76 2 4 P A A A8 R AR SR R E AR AN
g BIAL, TR RE IR RN, 28 M5 E S R EET .

5. &
IR 2011~2020 4F 1L P4 448 R 4% 1 A 25 FE 7K 25 1 87 10 RURIAE 25 KK P 40 M7 BT BAZE DL R L A
S R

(1) BTN B S HKEAA LB IS, R PG A+ T+ = T et 72
TAEIETCE MK SRR FF S22 AT HABE 58, AREL BRI 2006 T4 25 FK BN AT 7K 454
DA HIBIR M o H A2 25 T K B SRR b AR OK A A o R BT AR ZK (U0 51 SN AR, 5 HAt %2
RAUKBIKIEIEA S M, B, fmA S KRR Ze Gt Tt — P i

(2) AN AESH KBRS R IR ST 30l NP 2R S K &
AR, BAGEHAYE, KFET. K. K. S82W. S, @il sk
REIIEAEONIE, IR, S MEM R KE R I RS 28 BRSO FROR TEEDT 7T
WA SRR S T RS

(3) 10 4 1H] (i 7548 A= 25 FH /KK 1 (4.80%)3zt ey T [0 4 B AR A T KT K7 (2.17%) . (HAR T N 5
2 RARK, RIIESHAACH A 1T 2510, RUKSS IR Gt — b itk . 45 BN s K B 2,
B ALt R I RE P AR A K A2 I KR T BE & DRI TR 3R T HE S HAOK T
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