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1 MRS BIEFRIR

1.1 #RXER

ST e TR pE 52 /K X MU AL 2 43P IR, 5 K A
U A . MERHIX . KRR B BRI i)
X, MERHIX . MRIREL. HEE. A, it 9
ANELX, BERAA 1.21 75 km?. 527K X & BB it Kb
PEZ AR, FTRKE 7435 mm, AXJ/KEEE
8308 m’, A2 ESEAKCER 17, 2020 4E3Z/KIX
MFHKER 1567 12 m, HhAERKE 276 12
m*. TV K& 2.23 12 m® R K& 9.95 12 m3,
ARHKE 073 12 m®, A KRR 2 5
17.6%. 14.2%. 63.5%. 4.7%, 3Z/KIXFH/K&EHLIA

ML KAE . 2020 52 K X = 7=k &5 Bl R
17.2 : 39.6 : 43.2, A} GDP /T 2.74~5.08 Ji7G,
ForyRERA X e fIG, KIR T B e SR, Z7KIXIK
PRIRAE G, LT E R
1.2 #iERIE

A5 BT PO £ YR T 2020 F 48t BERL
AP U AR SRR T 48 T K B IR A SR KR
GHES; AT BIRRIE T B TS5 1Ak,
AW FIE K TR KGR A B RS RS
T 5 PR 7K B R S B AR BRI d

2 iR FA&E

2.1 THMEIRE RIE R TR

WAERHETE . RGVES R IRPERTTIRAEE R,
BT (KBS VI TEAR A RV TR, 2%
XA KPP AR S STk B2 4820, G 2 2 K R A%
PR GETFALRRHE, MERE . Rolky Tl A%, A4
APEL 5 ANTTIIERE 11 BHRER, METAOK IR
RbE R, T TEAR LR 1.

1 KK KA M 154K R
Tab.1 Evaluation index system of water-saving level in the water-receiving area

. o Fbr s

b IR iz i oo ok B M R M H K
2 ow o om ok B8 oW o®H om o8 W
Mg x A2 2 & K XK H W

o N KE Cdm® X 35 FH K e B/ DX N T - 2163 193.6 1935 134.4 187.1 176.9 1564 220.6 161.0
e Ji7G GDP /K& Co/m® X3 /K S/ IX 38 GDP {6 - 637 710 582 305 519 335 459 603 317

Ak FE R KA 200F) F 288 Cs T EFH K R B K + 069 069 069 069 068 068 068 068 0.68

e FIKEMEE C% FOKREME TR AYAT OEE A, + 137 189 184 334 153 518 250 429 356

i) 7376 LAV AnE A /K & Co/m® Tl FH K Tl i 218 218 218 199 154 163 252 162 249
:’ ko ks TR KESFHZE C/% LU AKESFAE/ L ERKE + 928 928 928 928 923 923 923 923 915
$ WA IE F KR Col(L d ) WA K BB AREA D - 1029 109.3 824 106.1 122.7 1658 103.6 127.3 766
36 By ARA AIIETE KR Col(L ) AT K BRI A D - 474 450 492 551 774 741 827 663 743
WA IR EPIIFIE Co% ALK E IR KB @ fiks - 380 93 98 154 39 157 216 195 79

AR LTS KA BEZE Crol% SRR RS K HE G+ 99.0 974 993 969 916 985 985 913 965

Bs KR A% Cl/% T KR F s K A B + 00 00 166 188 322 562 562 498 536

E“+” FORIEREERRR GBOGEERY), “-7 RoRfilmiats GB/NEIEED .,

BN FEAR T, ZRETRIR R T XK O
HRFAE R R EZIEKI R R, K ANBZRERKER
AR 2 AR BRI A 15 5L, 7578 GDP K&
PREL DR K AR 22 B Rt s A K b BB AR
FERE /KA RO ) R BRI K REE R, ek 1 Ak
IKBCER A TR K &% Tl K Fe b 48 5 o Lol
SEANE I K AN AL K E SR A, Sk 17 kA
KRG s R KSR AR B I S AR KR K
RN A i IR B A A SIS PR B R, ek
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Tab.2 Grading standards of water-saving level evaluation indexes

TS, Cym® Co/m® Cs Cal% Cs/m® Cel% CALdY  Cel(Ld™) Col% C1o/% Cuil%

1% (&) <180 <24 >0.7 >50 <15 >95 <60 <50 <10 >82.5 >18
nge gD 180~220  24~32  0.6~0.7  40~50  15~245  90~95 60~90 50~75 10~14.5 65~825  135~18
gk (—io 220~247  32~45  05~0.6  28~40  245~32  85~90 90~120 75~100 145~175  475~65  9~135
IV CBHRD 247~270  45~75  0.45~05  15~28 32~50 80~85 120~150 100~130 175~20  30~475 5~9
V¥ (i) >270 >75 <0.45 <15 >50 <80 >150 >130 >20 <30 <5

2.2 AHP-CRITIC A& E

KH AHP-CRITIC 24 A 75 157 e AR AR B .
IX b 3 5 WA A A T v T DA G B WA A IR
FITHE DAL WA EE i 25 S B fi b 25 B2 A 5 1) %
7=, O] LA VPN 4G S B SRR

D BRSHE (AHP) 285 24 [l 4 it A

[7) JZ K I A 2 A P A A R el e A ) i
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B, SR AR SR LRI 1) & R B K ARRAEAA, Rt
17— SR . VRS T7ES WSCER[11].
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by RIS RS TN LR FE A OGRS FE R IS . B
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THE 75225 SRR [LT].

3) B EFMAE R LA I — R TR A
HE, #E SRR A SN E . BRI E A
ZCHRk[21] -

2.3 TOPSIS %

TOPSIS V2l Al pE AT R 5 1E . A AR f#
Z [A] YRR B R R WP X S R 25, B TR s {5
BARIH7ES g R MR . @i
HEA R SRR, HAH AR ES Z AT, BRI

FEREs MR E S PP bR A IE . JOEARME, SRHPE
IR REIE PR [ IR e il
FVFA XS RS BT BE o AT BEBROK, 2R B
B HAACT . 7557 SCHR(8] -

3 HBRESH

3.1 BRI E RS TN FRIE

MR IR A BT v S5 & TUE AR I E A, R
i CRITIC VERIFENAE, K F . ZEWAEME T
HARHARE, SHRINE 3. CRITIC EFMER
kB E A, 4L A BCEE AR R R E
TR . S TPEAT FRbR T, AR HREBE KA 8OR FH &R 3L
(Ca) A5 70 Tk 38 e F /K & (Co) A A 5 5 »
439124 0.154 F10.140. 527K X N &% B 2 Rl K&,
FAK &5k oAb 7K B o Bk 63.5%, A% HTEEEE /K
A RCRIFH RBURIET 527K X AR KBRS
AKX AT ) R 22 s SZIKIX =72 Ml 4 )
(17.2 1 39.6 1 43.2) KFE, TIESZ/KX HA IR
HIEL, Jioo T E /K & AE A R BTk 7K 3%
BIFEAR, RSZ7KIX 7KK B B B 5
IIRAIFERR AN NI A TERIKE (Co) I A4
WEHKE (Cp), 435Ik 0.049 F10.056, 1568 A%
IKFRFRXT 2 T K AT IR

A3 BB E A HOT AR

Tab.3 Calculation result of weight coefficient of each evaluation index
Jiik Ci C, Cs Cs Cs Co C Co G Co Cu
AHP BUE 0.089 0.102 0.135 0.071 0.120 0.086 0.062 0.057 0.085 0.106 0.086
CRITIC f{ & 0.091 0.090 0.106 0.085 0.108 0.075 0.084 0.079 0.093 0.105 0.083
HARE 0.088 0.099 0.154 0.065 0.140 0.069 0.056 0.049 0.085 0.120 0.077

TOPSIS ZiA - 25 20 I € S DL SCik[21], K H
T bR R 46 B HE A H8 FR 43 2 I S A 3 [R) 44 28 1) 46 ok 2R
FElE, SbrEb ), BAANES 2Tk, 153

IR SRR, LLIEAT TOPSIS & EY, RE%
BLIX K e br oy s S8 AR B B, FEL 4 AN ek
15 AR AR B30T R 0 7 B VAN S 2, 45 R L3R 4.

R4 KR RKFLESFNF R

Tab.4 Comprehensive evaluation grade of water-saving level in the water-receiving area

377 %% (&) 0% ()

mg (—# IV GBI V& (R

WA bR AE >0.75 0.59~0.75

0.41~0.59 0.16~0.41 <0.16

3.2 BIRIRTIKKF 4

e 52KIX 9 B IX A T A 53 2 o 8 Tiilds
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Fig.1 Evaluation grade of each index in the water-receiving area
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)34 (B 2. ZKIX 9 ANEXHZ T KK E ik
Feoly: K> e X > & BE>HERH X > E> 2 &
B> R FEESMEH X >HEE . KK KRB R AR &
IR 73 TRV JR) 5 AR 38 0 A 98 T AR G 230 2 Dy 0.802,
JETIRVHNE L PRUrEs ROy “w 7 AL Rl
X. EEE. HERX. e E 88 E T IR
VEHL, RIS RN R TR R ERIRE . YR
DX KRS R TINPF T, PRSIy “— B
PR AIONTL I IO B IXHCE 7 08 1. 5.3 4,
TAOKF R “HE” BLERRX G A ] 66.7%,
&, KX FKK 8.

&5 KR FAKAKFLEEITNLE
Tab.5 Comprehensive evaluation results of water-saving level in

the water-receiving area

HX MBI H4 bt
Lis# 0.453 9 1EZ
HERA X 0.512 8 IIEZ
K 0.589 7 1EZ
J AR5t 0.722 3 11 %%
P 0.646 5 1§43
225 [X. 0.726 2 11 %%
AFEFH X 0.679 4 11 %%
HER 0.605 6 1%
i aitl 0.802 1 1%
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Fig.2 Spatial distribution of water-saving level in
the water-receiving area
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Using Weight-TOPSIS method to evaluate water saving levels in the beneficiary

areas of the Yangtze-to-Huaihe water transportation project
WANG Min', FENG Yuehua’, TAO Jie?, MA Li’, WANG Hui*, YANG Haochen"®, LI He®

(1. Henan Provincial Water Conservancy Research Institute / Center of Efficient Irrigation Engineering and Technology Research of

Henan Province, Zhengzhou 450003, China; 2. Henan Yudong Water Conservancy Guarantee Center, Kaifeng 475000, China;
3. School of Water Conservancy Engineering, Zhengzhou University, Zhengzhou 450001, China; 4. Henan Yangtze-to-Huaihe Water

Diversion CO.LTD., Zhengzhou 450000, China; 5. Henan Keda Water Conservancy Survey and Design Co., Ltd., Zhengzhou 450003, China)

Abstract: [Objective] The Yangtze-to-Huaihe hydraulic project was initiated in 2016 to move water from the
Yangtze River to the Huai River to alleviate water shortage in the latter. In this paper, we analyze water saving levels

in the beneficiary areas located in Henan province. [Method] We selected 11 water-related indexes covering
agriculture, industry, living and ecological environment in the comprehensive analysis to establish an index system

to evaluate water-saving levels in the beneficiary areas. A TOPSIS model was then derived, based on the combined
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weight of AHP-CRITIC method to evaluate water-saving levels in 2020. [Result] Among the nine counties we
studied in the analysis, one county (Yongcheng) reached grade I, five counties (Liangyuan, Luyi, Suiyang, Zhecheng
and Xiayi) reached grade |1, and three counties (Dancheng, Huaiyang, Taikang) reached grade 11l water saving levels.
Overall, water-saving levels in the beneficiary areas were higher. Water consumption per 10000-yuan GDP,
water-saving irrigation rate, domestic water consumption per capita in urban areas, leakage losses from the water

supply network in urban areas, and reclaimed water utilization were the factors that influenced the water-saving
levels in the beneficiary areas. The evaluated results were consistent with the ground-truth data observed in the
studied areas. [ Conclusion] The TOPSIS method based on the AHP-CRITIC combination weighting is reliable for
evaluating water-saving levels at regional scale. Our results provide guidelines for optimal allocation of the diverted
water to the beneficiary areas in Henan province.
Key words: Yangtze-to-Huaihe water diversion project; water-saving level; index system; AHP-CRITIC method,;
TOPSIS method
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Spatial variation in drought and its determining factors in
Shendong mining region
SHAO Tianyi*, LI Wenhua®", BAO Sigin*, WANG Nan®, MA Yating', SHEN Conglin*
(1. Inner Mongolia Agricultural University, Hohhot 010010, China; 2. Inner Mongolia Geographic Information Center,
Hohhot 750306, China; 3. China University of Geosciences, Beijing 100089, China;

4. Forestry Station, Barenzhemu Town, Keyouzhong Banner, Xing’an League 029425, China)

Abstract: [Objective] The Shendong mining region is the largest coal mine in China. Extensive coal mining for
many years has altered the geological landscape and disrupted ecology, leading to surface subsidence, drop of
groundwater table, loss of soil moisture and nutrients, and landscape fragmentation in the region. This paper is to
investigate the spatial variability in drought and its correlation to coal mining-induced collapses in the region.
[ Method] The analysis is based on temperature vegetation drought index (TVDI), and surface droughts measured
from 2002 to 2018. Spatial variations in environmental factors and their effect on drought are analyzed using a
geographical detector model by elucidating the response of drought to coal mining. [Result] TVDI had been
consistently decreasing from 2002 to 2018, reaching the lowest point at 0.561 in 2018. Temporarily, May to August
saw the most severe drought each year. Spatially, the southwest experienced higher drought severity than the
northeast. The g-values obtained from the geographic detector analysis for precipitation, normalized vegetation index
(NDVI), and soil type excepted 10% each year. Synergistic effects between these factors and others significantly
improved the explanatory capacity of individual factors for spatial variation in the drought. The correlation
coefficients between TVDI and precipitation and between TVDI and NDVI were -0.695 and -0.51, respectively.
Average annual TVDI was higher in the subsidence areas than in the non-subsidence areas. [ Conclusion] From 2002
to 2018, TVDI spatiotemporally varied in the region, and drought severity was higher and more prevalent in the
southwest than in the northeast. Precipitation, NDVI and soil type are the factors that affected drought most. These
factors combine to explain the spatiotemporal variation in TVDI more than by any signal factor. Furthermore, the
interplay among precipitation, NDVI, soil type and other geographical factors impacts the spatial variation in TVDI.
It is important to highlight that collapses in coal mining could have contributed to drought occurrence.
Key words: drought; temperature drought vegetation index; spatiotemporal variation; spatial heterogeneity;
Shendong mining area
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