%50 & % 3 AHIFERFFROE AT R Vol.50 No.3
2022 %5 A Journal of Henan Normal University (Natural Science Edition) May 2022

XEHS:1000-2367(2022)03-0029-10 DOI1:10.16366/j.cnki.1000-2367.2022.03.004

BT EMD-AR BRI s ) b O X 3 B oK
i =1 1548 Tl
=S AP SR £ SIS
(R ALK K H I al 7K B 2 6 5 b AT g 48 B 9] U gk 8 051 249 42 20 ) T o i 2 360 8, FB M 450046)

i E S Al B AT R R AR AT X R K R R AR A A5 Ak R SO R X B A R
KU - 5 0 24 M A 2y B R BRI i T R R A AR I B T U X R K U S AR R A 3 R R R X
24 AW H 64 45 (1 ST A 3 3 ArcGIS 23 1] 455 {8 X 38 A~ HE X 3t K UG <1 9 T B L 38 28 R AE B 47 B A8 Ak e k£ 1
A3 B SR 3 T 2 500 25 43 i (Empirical Mode Decomposition, EMD) 1 H [2] I3 ( Autoregression, AR) & &l F1 3 5@ fx /)N
T3 (Ordinary Least Squares, OLS) R [ T4 K1 43 % 2022 — 2030 4F B I 2 B4 w0 2K A7 11T AR B A7 15000 45 30
FEUA A HE X MR KRS =1 v BB S S A R T T O U T 8 LA PR O v B R K TR SE L U S 0 K AR S
TR T RS . 2022 — 2030 AF B U S 0K AL T REL 1.5 m, ARG 8.5 km®. LL 2025 4E 4y AN
2025 4EHT 5 I 21 P 0 K A7 R T FR AR Ak 5 BE R [].2022 — 2025 4E U 21 ot K L F B R BE 200 0.08 m/a. Ui 2 T AL T
HEEZ N 1.4 km® /a,2025— 2030 4F 3 b A0k AL T B BE 29 R 0.25 m/a, ) T ARES I B 29 0.85 km® /a 1% B
FEGESRAT B T Ui T K U S VR AR A IR 2 A T Sy U S 04 TA BG4 B X e T R R R A 0 A

SRR« B R U 5 A B VR R X5 M K U S 3 5 A R T 5 i S

FESES P6a1.2 X HEKFRERD: A

bR KR Sy K R R A ARk 2y BT R L AR IS ER AR RO A 7 R SR 5 T A AR I AR T
KT R B AN W B R B K T SF 807 AR Rk R O A R L8 DX BT HE LR B RY K AE BE E T
SRR AR S R R St — 2B 5 | R A TAT TR | b LA | ROK AR MR K Y Y S R ) A
S DI A 2 DR A R B A R TG T K Sk T 5T 32 S A P A O S R AR BB 5 T I L T
Xl R KU S 15 7 A T AT S AR R A

N B P M) 2R DX BT 9 s T g A B MR 2R 7 X A Dy T 0 R TR UL iR K AR AR A R
Hh P T A A A (R R B T SR M T K S B XM R K AL G R R R T R K R TR SR R
W™ Ji . LUTE B IF 5 A v A K B8 IS B R T S DA R G A TR 5 25 5 T, A 5G9 DX Ml T K U =1 5 T A AF 5
AT RS SR Y b B S ] 43 A 7 vk RO TN R TR R 2 E D K S TR U T A3 AT T R K 2
H KA TR AR REAE T A T M K Sk 8 T 7K A A TR R T AR AR X 9 2 v K L R AR AT
T L AT g S B4t 7K RO R A A B DX vy Jo e R A R A

1 HREX#ER

AR PEFIEREIX (113°31'E~114°25"E,35°0'N~35°30'N)f F i db 5, M AR 1 486.84 km?.JE X

5 B #3:2021-09-24; f& [ H #3 : 2022-02-21.

EEUTH: EHEKHARR =54 (42072287)

PEE B A X 15 (1983 —) 53 ¥l P Tl A AR b 7K R K A, O 27 B 8082, A A S O 1L DA oK S J5 2 T T 1 F
5% » E-mail ; brightlzp@126.com.

BAEIESE DR 1990 —) I IR H £ A S UK AR K B R4 B0 , A, DA 7K SCoK B8 8 D TT 9 B 52, E-mail : runx. cao

@foxmail.com.



30 F i 0T K AR CA AR ) 2022

J& TR KRR E . MRS AR TRELZ2Y ERRALZW KERE AR LREL TR .ZETY
RIRY) 14 CL B 220 d EAMMIEER LT 0 2 0 ZAEMREKE R, X 24V BKE R
620 mm,4F N FEK R ATECRYY EEAETIE 6 £ 9 Ay 24P WER L RN 1 864 mm.

HR A T B 44 38 & B DX K S0l 3 3R A ) BRSRE L F 5E X )2 T 43 0 58 = R B4t . AR 40 Bh 1+ R g+
VR T RS, R ok B 2 55 D0 R R G, S B2 SR U R LR S R AR, S o B L2 R
G — B oA R AR g B o R R R KB 2 L AR e B O VR B HE B 2 AR R KA R
JEAY XSl T A T 0 R P R K R R R R A S L BRK 2 I 2 R T A S L B S B K T 2SR S K 2
VR A AF T 4 v 2 & K 4L R S K AU RTR J2 & /K 4145 5 m RT3 AT 4 i i K X s K X
555 K DL P I P G IR — A O SR R K X (>3 000 m®/d), #E X H AR 3 — i o T s K X (1 000 ~
3000 m®/d) ¥ DX bR 3 7 32 SO BRI S 55 5 K X (<Z1 000 m® /). 5% XA O DL AT 1.

?__ S
P/
A " jcﬁ\/(‘.‘”}l 3
N, L~ !
" .
“-%,_,....M |
TEH i.m_k o
=
:O T T T T T T
=L
i
=
=
=L
i
=
=
ERS
- B
= — X I L
B e S HOE R FR Y
_ [ B T
B S O] syt A e
=t [ KATWLRTAR R b
o ~ 0.0 4.5 km
B [
1 1 1 1 1 1

113°30' 0"E 113°40" 0"E 113°50" 0"E 114°0" 0"E 114° 10" 0"E 114°20' 0"E 114° 30" 0"E

BT N REF R RE X AL ]

Fig.1 Overview of the People’ s Victory Canal Irrigation Area
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Fig.3 Contour map of groundwater level in irrigation area
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Fig.4 Inter-annual changes in the water level and area of the depression cone

Hi P& 3 FIIEL 4 AT, 1990 45 2Z i . 38 FE R /K K Q2 AS WS B T 7K Jh <F T AR 4R A2 R 1990 A 2 ) L
SR AR ARIR A T S B A DS B AR i R B P 221990 — 2000 AR EE T S| A0 K A7 B K2
2 m, Sk AN T 29 60 km®. 2001 43 21 o0 55 # 22 A P R LB D Hh o B 3R K R T S S R
AL S ST S A K A A5 T =1 1 AR 8 A2 AR B R B S Bir BE. 2001 — 2005 4F 35 722 AR i 3 80K, U - o
DK FRET 5 mo - AT 150 km?.2006 — 2017 4F 3% 28 Ak e BE WY 8 A5 /), 36 =) ot KA R B&
T2 m BN T 25 km®.

Lf LR IR ¥ R S AL A e B T A A AR AT T AN (R T S P oK 58 TR B R T T ARG
B R W/ o R A A R R X 50 o B A B B AR O O AR L B TR S R AR R R S T AR AR 28 g A
Be S — AN B 2001—2005 4F AR AR AR (7t T B L TEEARUER GE IS 5 5 B By 2005 AR Z R L E AR
POARXE AR L SR 5 30 5 97 A DG G AR



34 T IR IL K FIRCA RAF RO 2022 %

3.2 MITKIRSHER A E R T
3.2.10 Skt KA K T FRASE AU A

(1) 3 2 o 7K A7 T 0 A 78 g

EHL 1953 — 2017 4 B I = v &b i K A B8, R EMD J7 325, 4 O 21 0 K 7 5006 43 g i 4 > 2
IS PR AL IMFs, 4 45 S &1 5 i N R R 28 0 DX b B K 7 28 At B R AR AR AR R M, B 2
Fofriple 2 B4 A )4 R A 25 38, DA rbn] LSRR 4 A (] 9 B 1) 22 B0 528 43 i IMF Rl — AN 3R AR 001 IMF 1 % 5
JEVHAAS B S, 0k Sl AR Ak AR R IMF2 0 3h R 0 5 IMEFL A Ee 28 f0 B S8, 9% 3h 8 30 0 v 10 a, 9% 30 i )3 A8
/N s IMF3 3 20 J8 1A T IMF2 28 KL B sh R WM fE 15 a, B 3h I /N T 0.5 m; IMF4 3% 2 B W e kL
B E R 27 a, 0% S0 BEAE 1983 4F LI RTAS 1k 5 /N, 1983 4F 5 28 fb 55 A 5 5% A 30 22 B UG < vhacs 7K 07 52 R
G TR

83

(R 541)
KA /m

(IMF1)
AKAL/m

(IMF2)
IRAE/m

(IMF3)
IKAE/m

(IMF4)
IKAL/m
<

-2
}/E“?\E (80)
el 70 F
Bx
60 , i . . : . ;
1955 1965 1975 1985 1995 2005 2015
Fr
[#5  EMDM IS

Fig.5 EMD exploded view
X4 AL BB R IMFEs E 47K 56 K 50 45 SR Y M F R HE e S F 51 i ATC o I . IMF1,
IMF2,IMF3,IMF4 () AR BE% 45k AR(2) ,AR(4) ,AR(6) ,AR(6). AR 1571 S ¥4 45 5L WL 3 1.
K1 ARBESHITHE
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Tab. 2 Error analysis of groundwater level simulation prediction results
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2007 64.50 64.64 0.14 0.22 2015 63.16 65.37 2.21 3.50
2008 63.83 64.96 1.13 1.77 2016 63.01 65.39 2.38 3.78
2009 64.24 65.04 0.80 1.25 2017 63.23 65.40 2.17 3.43
2010 64.70 65.12 0.42 0.65
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Tab. 3 Summary of model parameters
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Fig.6 The water level and area prediction analysis diagram of the depression
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Prediction of groundwater depression cone based on EMD-AR model in
the irrigation area of the lower Yellow River

Liu Zhongpei®", Qi Mingkun®, Han Yuping””, Cao Runxiang®, Leng Jing"

(a. College of Water Resources; b. Henan Key Laboratory of Water Resources Conservation and Intensive Utilization

in the Yellow River Basin, North China University of Water Resources and Electric Power, Zhengzhou 450046, China)

Abstract: The continuous development of social economy and agriculture has made people’s demand for groundwater
stronger, resulting in serious groundwater depression cone in mining areas, affecting the high-quality development of local soci-
ety, economy and environment. In order to explore the evolution characteristics of the groundwater depression cone in the irri-
gation area of the lower Yellow River, based on the 64-year measured data of 24 observation wells in the irrigation area of the
People’s Shengli Canal, the formation, evolution characteristics and inter-annual change trend of the groundwater depression
cone in the irrigation area were analyzed through ArcGIS spatial interpolation. The Autoregressive (AR) model and the least
square linear(OLS) regression model based on empirical mode decomposition(EMD) were used to predict the central water level
and area of the Xiazhuang depression cone from 2022 to 2030, respectively. The results showed that the center of the groundw-
ater depression cone in the entire irrigation area appeared in Dongzhuang, then transitioned, and finally formed a groundwater
depression cone centered on Xiazhuang. The water level at the center of the depression cone is declining and the area is increas-
ing. From 2022 to 2030, the central water level of the Xiazhuang depression cone will drop by about 1.5 m and the area in-
creased by about 8.5 km*. From 2022—2025, the central water level decline rate is about 0.08 m/a, and the area increase rate
is about 1.4 km?/a; the central water level decline rate from 2025 to 2030 is about 0.25 m/a, and the area increase rate is about
0.85 km?”/a. The research results can help people have a further understanding of the evolution of the depression cone in the
lower Yellow River and provide a theoretical basis for the governance and repair of the depression cone and regional high-quality
development.

Keywords: the lower Yellow River; the People’s Shengli Canal irrigation area; evolution of groundwater depression

cone; model prediction; trend analysis
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