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Study on the Change Trend and Driving Mechanism of
Groundwater Depth in the Horqin Sandy Land
LANG Minghan', ZHANG Xueli', ZHANG Shihang', FAN Shenghao®, ZHANG Risheng'

(1.Liaoning Zhanggutai Desert Ecosystem Research Station, Liaoning Institute of Sandy Land Control and U'tilization, Fuxin,
Liaoning 123000, China; 2.Soil and Water Conservation Bureau of Liaoning Province ,Shengyang 110003, China)
Abstract: [ Objective] To gain a deeper understanding of the pattern of groundwater changes in Pinus sylvestris
var. mongolica plantations in sandy areas, as well as the driving mechanisms of climate change and anthropogenic
activities. [ Methods] The groundwater depth of P. sylvestris plantation in the sandy land from 2018 to 2023 was
studied, and the groundwater depth of sandy grassland was used as the control. The groundwater depth of
P. sylvestris plantation on the southern edge of the Horqin Sandy Land and its response to climate change and
anthropogenic activities were analyzed by using methods including double cumulative curve method, grey
correlation method, sensitivity analysis, relative contribution rate method, and cumulative anomaly method.
[Results ] During the 6-year period, groundwater depth in P. sylvestris plantation on the southern edge of the
sandy land showed a decreasing trend (0.385 m/a). The influence of various meteorological factors on
groundwater depth was ranked as: precipitation<Crelative humidity<Zevaporation<Caverage temperature. The
sensitivity of groundwater depth to these factors was ranked as relative humidity<Zevaporation<Zaverage

temperature<Cprecipitation. The contribution rate of various factors to groundwater depth was ranked as average
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temperature<Cevaporation<_precipitation<_relative humidity. According to the cumulative anomaly method, 2020
was identified as a year of abrupt changes in meteorological factors. Climate change reduced groundwater depth
and variability in the study area. P. sylvestris plantation increased groundwater depth during dry years and
decreased it during wet years. [Conclusion] Both climatic factors and anthropogenic activities collectively
influence groundwater depth in the study area. There are significant differences in the impact of different
meteorological factors on groundwater depth. Abrupt climate changes and P. sylvestris plantation can alter the
hydrological regime of groundwater.

Keywords: groundwater depth; Pinus sylvestris var. mongolica; grassland; anthropogenic activities; climate

change

Received: 2024-12-24 Revised: 2025-02-21

K B DR R R — Bl BE A AR B SR — R
WP 22 U R R R N AR R R i R E R
T [ 4F - 2 B 7K R 630 mm, 7K % Y B 07 S 1 AR
556, (0 ANBIKEAE 1494 B K HESE 110467, J8 T™
HEOKE R, BEE B EA ST P &R, A
FE S X KGR A T 2R H 2R3 AE K B R A #4 B 2
A3, TR K SR B S B 2R A, E F AR IR B R
A HE TCE B A7 . 7E 2R TR IR K B
P R K B IR KA R BT o L R ik 98 % (AN AL g
UKD HAE 41528 25 3R G0 KA 20 1 B o 2 AR e
ARG RS R R 5, A A R AR
Y MR K IR & i 28 H A s g ok T
2K G, NG Gy 18 2 s e, B TR R Y g
J1, 100 ELA] R R B A A . M KA Sk AR R K
(1%) T LR W U 22— | [ IR 2 1 B 1 A FH K A &
MO R TR AR AT b X H AR T KR K 22 SR R T M
Tok. HAET, K EH T KFFRE#EL 100014 m?, 75 &
ks Rk 20% . Rl R ERE TR kT
S X R T O /D, M e K A Ol e B, — B LA, M
TFOKEBIE T AR O A 7= 5 A E K 3R RN
W KRZIELZ W E L, NI sy
R K o 28k RO A s AN ZRIE 2 5 T R &
VR K B VR W Rk B 2 R T AR TR AR TR ROK 45 4
KN T IR KRS S ANA B RHLE B AT R
Ho R IR A A I il (4 75 19 7 &, 9F BBl — R 51K
YR I A S B B n) A, b R K A RS R SR B
SCNTTRYIA N TR S I/ RS TS < e 2y A |
Fie A AR T HE T R e Ak 23 28 B RIK B IR 0 T R
Sk

BEXTLL ), O 22 T — A .
RIS AR A B 1] 2% B2 45 (IPCC) B AR oA T 50
IR, H 1861 4R, 2R F MR RC A H R — &
MR B2 B b, b R B R B (0.6£0.2) °Co il

Accepted: 2025-04-14

Online( www.cnki.net): 2025-05-21

SERLLW 7R T R MY 100 a, 4 BROF 35 #b 26 SR K
SRFF ST, BT R 0 29 ok 2~4 °CH L IR
TR 52 W) H T b R 2 BUR , HE T ) K 9 B Y i
R PR, I RE Y AR Ak AT 3 S R e A T (] 422 5 ) b
TOKAE R BRI AL, b R LR K R B AR
B 78 R EE SRS R R KR A e R . BERID
D Hh R Sl T AL T 5 T R IX 2 2k A S R G
KRG 55 Y ML DX, A R 2 N ST Bl AR AR AL
Wi e R R P M X R K R TR X TR
A2 A R G R R A Y R A (R A R 8 o
Hhy DX SE AL L Al X AL B4 o SR AR S R
o AT, BRI U #b b T 7K 0 A A 58 4 2
X SIS R B, BRI VD M AR PN i e R K
T BAE 3—4 H , H R R XA 78 X b T 7K HE PR B2 i
BN s R ARSI R I, WS X 1994 4E T L MR
KRR T 4 a B K B A DG R B0 —0.5145 1994 48
Ja o, H R K R 5 WS 8a BE UK B X R ECH
—0.527, M4 IPCCHR G BR , KR IL T4, T 7
RPN B Z R =N 7 DN S T RN i
T, 5 R AR BRI R 5 R X R S 1
K FEF RSN T 2T REX , BES%
S A% vy T S WU, IR AE S R GG ML, L, R
5o 2 5 XCHh R K MR R AR A R R X T
Bl A Ak B e AL AIE S, BB R 20 U0 R
P N AR b 7K IR 32 22 5 ) PR 28 R G e 7 3K 3 L
il o EHT, AT SE R B G T DX R K R
TRAS AR B B A, B X6F N TR M T 7K 38R A2 £k 1 F 52
b R, AHIE G AR RS R ik K S B )
B A5 23 A L AH X BT R A AR ) b O 1 4 T
B vb Hb [ B ML R A N T AR (Pinus sylvestris var.
mongolica ] T 7K R K 5 e R AR B AR Ak
R T 2 1 A St PR ) 2% 5 e PR 3R X b R K R S e
BLL, DL 3R A B T K R IR R IR S % B

http. // stbexb.alljournal.com.cn



543 BB BH 37 485 R K 00 70 il TR K S R A8 A e K B Bl B 131
U TR) B, 25 R X A AR Al PR 3 TR KOS R A 128 m. WFSE XA T2 1R i 2 1 53 X, 3K & 2023 4%,
BHE i 5 i AR ZAEHR N 6.7 °C, A RAR IR — 30.5 °CL 4

1 MRERE
1.1 HREXHLR

BHIR U0 V0 Hb 3 Ak B A )y Vb b 2R, AR 49 5 7
k™', 43 A 7E PN 52y IR T BLOR B CBLAE ) 3 A T 1Y
FF R RN 2R 5 SR 12 5 B CELAE (0 % 1 T ) 2R 38 B i
TA VG A ME VT . & X HE N V%,
P 179~632 mo U Hb 32 A KU fd i g XURR b S5
T 72 U el b S AE Py s R 3 AR R bl A2 ™
(AT IR, A 4 7 o AN, AR AR A, A SRR E Ik
7+ zoﬁ:iza50@4*%%}1,&&!:[2%%%?1!@1{3517@
SEHARIRBE PR TR A, W AR A, AL
P94 BUN T 1952@f%2i%%%ﬁéﬁiiﬂ@lﬁfﬂ%

56 vl (AL T4 V0 1 vA B S5 A R 9T BT D o 5T IX A
EOTEZREFETSHENITTE YGRS

WF 5% 7 52 3 bR 375 (42°43'N, 122°22" ED |, 34 &5 JE 3k
204 m, 7 TR0 U0 b i A3 3 X, 5% IX A 4

FKRVE KD+ Bk 4 R b MOKRE A 4R
TR Y 5 R £, F ik 89.4%, R fa) +
8.74% Wikt i 1.55% , KR+ 4 0.31%. Emcj:
BERTHS W s M VP + 0~30 em 2 A ML 0 Bk
33%~36% , Horp R RSN T [ Vb kb £ 48 0~30 cm
JZ AT B T A ER 42 % ~50% , v H R R 126~

I wam 2
CES I I
& ¢
ad N oEEw

g %>
A i, Zk\mm

M“g %%
FR /w/ﬂh H Fﬁ

03060 120 180 240 km
L yHiEE o —— —

- $ B T 2 450 mm, AF P28 A 1 300 mme BFSE
DXt A R bR — B Ji e T [ bR T A A A T
Py Bl AR, AR E R A8 8% AT B K 5. (Glycine soja) . H FE
LA A T (Lespedeza
daurica) \Bi A (Saposhnikovia divaricata) %% 5L
+F (Lespedeza davurica) | R 2 (Rhamnus davurica ) .
O )L (Caragana sinica) |\ 5 T % (Calamagrostis
epigeios) M BB ¥ (Setaria viridis) . % B 5 (Chloris
virgata) % (Lonicera japonica) Tl -3¢ ( Calamagrostis
acutiflora)?§ .
1.2 HEHIEESHERIR

TEFEAR AN N AR R i 00 A 1, AR R T A A
TMCE T 1978 4F MR Oy 45 a0 B U A DL 5
Hi AR g X REAE L IR 1D R 7 A N TR i 4k 3
53912 200 m F1O”, BB 3R 3 50 O 220 m A
0o ABE IR AR IR T 1L 7 &2 G BRI Y AR 7S
F G5 [ 5 0 WL F 52 3 2018—2023 45 iy F 7K 1L I
(GD) /R B (P) Z& & 4 (ET) P8R CT) AR
M (RHD o FEHE T A8 N TR B A A5 3 CTD-
Diver K £ i1 5 A 4 % lE R W T A 3h R uh
(CAWS600-BH) , A shic TR b A il AR
MR BERT 28 A, A I SR I (R TR B 342 1 he

B BRI

(Digitaria sanguinalis)

. TRl

1 MREXMUE
Fig. 1 Location of the study area

1.3 MIRFAE
1.3.1 MEARWEFE WEBMLE" TR
U FE bR IR 26 R A0 — B0tk o 24 X R R 2R R R H B AR

PO, 22 7R 4 4 0] 6 R % 2B MO T o5 2 7 AR A HY
GREAL 3 TR I3 B TR A R A b RO R 7 A AR
FY IR [

>GD=a> F+b (D

1.3.2 RE&EXFEIH KEOEKKSHEET—fE
675 2%, T T AR g0 b 4% DR R T 4 il £k 1)
DRBR B /N o i 3R 0 40 45 DXL 3% ) (] ) 1) il 2k
8 AHBLRE B2 A B O B 32 Of 1A B 25 1R 2% 1) 1 %85 D)
S, DLk SR F2 P H (S A
AR IR 3% () o 2 D) R R, L RR(E B K, D ok A
SRR . AT 1 K G IR RO R

http. // stbexb.alljournal.com.cn



132

K A ARFF AR

%039 %

T KR (P ZEHUE CET) R T B (RHD %8

5 M) PR 28 6T Hb T 7K B R R 9 G B B L 4 BT b R K

PR X 5 ] R 2w oy AR AE . HO TR A RUR
A(min )+ p(min)

o= (2)
Ay (k)4 pA(max)
Vo,»:i/ki;&(k) (3)

2 G0 W5 DX A 8 A B[R] 91 85006 7 £ 4> B 200 1 2K
0,52 156 280 A(min ) A1 A (max )20 3 MW 5T X 403 6
AL B S Y LU 5 25 B0 I B/ N e R 2%
DA K de KA NHE 22 5.0 53 HE R A S0 H HL0.550,, (&) H
9T X E 2 T RGO 5 5 % e SR i
AN 0 0 4 X HE 22 s N S 25 500 i 20880, ¢ (k) 45
FLAEIH T4 1 st 2 e b g F) 6 £ O HR ZR 58

1.3.3  #E M A HUBAE T B WANG
SFUF 2011 AR %O I — P E A R
FEO0F B 1] P 2 il 4 50 AR 1 O v o AR BF 5 5
A3 T HE T K R 5 A B B (RHD (R K &7 (P) P
SR CT) ZEHUE (BT[] 9 R R 8, RE % 52 12 b 1)
SE 1T 7K IR TR AR fb G 45 5 PR 2R UM 1Y R 55
Blo HItBE AN
S(F,~F)(GD,—GD)

F

(4)

T Gp SF.—F)
A e SR M PR3 X B2 A SR R B 47 e > 0, RO Bl

S W) AL 7 B5C(B AN W7 3 O, 3t T 7K R S T 3 K
A e << 0, 7 B R DR 5 (A 7 38 O, 3t Kk LR
BB W80 5 F, S s Wi DX 280408 B 28 2 A~ %05 G D,
g M T K S KOS B 5 A s F R GD 43 31k B i
75 T RS RS ) 22 4R (8. U R B
P18 2 o A8 R 3 7 A 2L 5000 2 ) e A

Hu R /KR /m

~

(=)}

o0

10

1.3.4 ARxdTakFE AN STAR STk B R A
it BT 45 52 M R 22 60 B[] 370 B 1 DT kAR B T
P ) NP R R O e s e B O =S = A I S &
KSR A I [R) 3 51 B0 S it A o 1k A 2L 4 T
T vE AL B 5 T 2 22 e 2R M R )T 40 b7, i 2K 58 B 1l
SE 45 TR 2k B[] e 271 il 28 250 A o kR
GD = ko+ b P+ BET + £ T+ £ HR
J— k’ (

EARARRIARAYA
1. GD 56 MUAT M fb AL B frg 3 T K 0 0 i 1 )
SUAHRE PUET T RH 48 B HFSE T (35 % i OF
R R RN B B AR AL BB A 5 &, Ry 0t £ oT 4k
P 1 U 53 B 0 19 2552 T DXL [ U9 3R 801K 5 R 455
M) PR 2% 6T 1l T 7K TR A% A B A X DT ik AR B
2 HREHW
2.1 HTKIERITEFAE

T 221 2 AN K AR H A B ABUE LR B
ST BN 247K SO AR i T AR A — B g
K55 . WFSE X AEBE 5T 0 B P I A 32 2B 0 T 2
XU 22 B T 2t 0 B I A 4 A, R X BRI A XU
Bof B PN A B 8 MR KRR A AR R 38 25 5 BRI X L
R X EBONEHE . WK 27050, % FU A 5 X A9 X B R
HF 7K R 2R A BIF 5T B B P9 TG B I 0 LA 4 R AR
LM AR G TIE B A ST S B X LA 5 X A 8

P Ml AR T B PR M b K R AR Ak R
2018—2023 4F- FL 1l FlEE A2 A TR Il 1 7K B
ARSI S ) 3.25.8.24 m, i T K I L R
WM, O FH BEARE R 5 518 0.3.0.39 m/a, K
i AR A N TOMORR Ml Hb T K B R 5 % 3l IR A

FLF 2020 4F 1 4 H T 7K 34 R PR s s /) -
EOIGEEN

o Q0 B\ Q2 AL
20 10\9 0 107—0 0 107—\ 0 107—1 1011 b
T T T T

®)__ ey e gy

L R RAKAL

(5)

i=1,2,--,4) (6)

n:

Q Q
\%A 1013 A

_MA/ /\_\

B2 Ei EFRAIrbn TRIERERNERSH

Fig.2 Groundwater depth in grasslands and Pinus sylvestris plantation and double accumulation analysis
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Fig.3 Variation trend of grey correlation degree of each influencing factor
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