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Evaluation of vegetation carrying capacity in loess regions
along Xi’an-Yan’an high-speed railway
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Abstract: [ Objective ] The vegetation carrying capacity of Xi’ an-Yan’ an high-speed railway ( abbreviated as
*XiYan HSR’ ) corridor was accurately evaluated, in order to provide a theoretical basis and data support for
overall ecological restoration and slope protection along the construction route of this railway. [ Methods ] The
loess regions along the XiYan HSR corridor were taken as study areas. The current vegetation carrying
capacity were quantified by integrating the effects of climate, soil texture, vegetation type, slope gradient,
and aspect, with particular emphasis on the relationship between vegetation growth and soil water content.
[ Results ] @O Although regional vegetation coverage showed an overall improving trend (with 73.6% of the area
experiencing significant increases) , the area in the vicinity of the XiYan HSR was found to be dominated by stable
or substantially degraded zones, thereby highlighting the potential ecological pressure induced by railway
construction. @ The upper and lower bounds of vegetation carrying capacity across the region range from 18.60%
to 100.00% and 4.40% to 100.00% , respectively. Moreover, approximately 77% of the area was found to

exceed the carrying-capacity threshold. Specifically, the loess ridge-gully region in the central-west and the

75 B #9: 2025-07-03 &2 B #3: 2025-08-31 % F B #:2025-09-02

HENIR B 7 AE ik TR R R T A A P A R R B I 0 3 At € A A B A S B R A (P A R (20210315

E—1EE A EE992—) B OUE) , NS Bt XAk, 2, TR, 35 58 A3 i o A S Bk i i 1 5 2 8K 42 J7 1 45 T 4E . Email :
1615580830@qq.com .

BASMEE SR (1982—) , B (DU I db 8 TR BN 1 W98 61, RN E TR Bk i R FE A 5Y . Email : dilikexuel19@163.com.



370 pi s U E SR

o545 %

Ziwuling low-mid-mountain areas in the north were generally overloaded, necessitating low-intervention

strategies focused on soil conservation and maintenance of the current state. In contrast, the southern Weihe Plain,

parts of the northern loess tableland, and some northern areas remain below the lower bound, for which measures

such as engineering avoidance and supplemental planting are recommended. [ Conclusion] To rationally regulate

vegetation density, the planting of vegetation on slopes along the XiYan HSR should be constrained by the local

carrying capacity.

Keywords: XiYan HSR; loess region; slope ecological protection; soil moisture; vegetation carrying capacity
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Fig.2 Flowchart of vegetation carrying capacity along Xi’an-Yan’an high-speed railway

1.2.2 EEKRHHEEM

FI H Sheikh 28 4 i () BEACH (bridge event
and continuous hydrological) 1 8 7K 7 5 Y | 40 B 5
X 2000 — 2023 4F (1) £ K43 . RS 5 R
G VT ORI R RS AU e 1 1
K3 B A AR A 3 T ORI TR Ml DX 4 K

Gy AR AL, 2 5T X A HE K 43 B 28 0 A R AR
VAR N

I 398 Bl — M R AR RN R TR AR B 5T R
3 )2 (0—10,10—40,40—100 cm) + 3% K 43 & & 47
BEALL, 3 2 L HE K 53 o3 AR R T AR Wy /N HE K
KRB R o 1B R T K 5 7 BT L



372 JK A PR T A 545 %

Koy it E AR
do
D =P—R—R.—E —T,—DP (2)
KD Ry IR B BE (mmD 5 6 + 58K 53
Fr (mm’/mm®) 5 de AR R I B K (D s POl %
i (mm) 3 R MR W (mm) 5 R, Wy
with i (mm) 3 E, 0 SEPRZE & i (mm) 5 T, 8 78 16 &
(mm); DP A F#B & (mm),
AWFFEAR T SCS thZe i AT, A
[ L (3)
(P—I1,+S)
Ao R O MR 3 1 5 R AR i (mmD 3 PR H %
WA IR BE Cmm) 5 T4 W) 36 WOt 60 466 i T 35 K &t
MR R AT B S 2 —MKE R (mm), H(H
Bifi - 39 2 A A b R T O 20 A R D) R
ek & s e A2 4k
1 I BUDGET #5E 28 v f) J7 325 468 48 £ 3K i) 7
DP— D0 — 0,) exp(0—0,)—1
exp (O — 0)— 1
A :DPZMIRZEMN B & (mm); DRy L IEZ MR
JE (mm) ; 0k 92 PR 4 4 5 7K & (mm®/mm®) ; ¢ K
TR R TC i WS EL, RN B R B E .
% FH 1 4k B9 Penman-Monteith™ (FAO56) 75 i

HHEZSHEWRIBE AU (ETO R ARX N
0.408A(H,— G)+ y%Ug(e\*eu)
A+ y(1+0.34U,)

A H O R R SRR S (MI/m*-d) 5 G2 LR R
i (MI/m?/d) s THFHECC) s U, 02 m ikt
B RE (m/s) 5 e AR TR IR R (kPa) 5 e, i 52 BR7KIA
JE (kPa) 5 A i M1 F0 K 95 R - i il 2 09 R R
(kPa/°C); y I BE 113 B0 (kPa/"C) o 4+ ek fik 5
£ R, PR ZE & (ET ) /N F 7R 2880 &k, TE LU
i AR R 2R R 5 R A W) 7% I RN b 3R 7% R S 43

AT, BRI ik WS % Sk 24,

eh R A BB R RO EIRZ S A AR iEK
EECEEKE LN A K I AW
K Sloan P G 287 & i (132 2 77 fif 455 0 % 458 v 3t
AT . 2 S K T H R R K &, AR
THBMEBER G 1dh A STk 05 R
(RO (mm)ITF AR

Ry, =24 X H, X vy, (6)

o H, 278 2 0 TE oK 1 AR TR EE ) —fk Ab B S 1
LR A B IR B 5 v, R 18 v AE A Y R
(mm/h),

(4)

ET,= (3

1.2.3  ALAkvh 5% 5

M ARSI eSS R A P IS T RN
) 35 2% 5 ) R w5 OK 3 B9 RE ELAR T 2R T 5 e
FE B 0 KB BE 7 o AS B 50 4% BRER 45 [ 2 53 20 W) 28 42
T B AR B CAD | A M T M AR w2 A Bl RN
fia) X AF 5 DX 0] 53 L ) N7 BTG T R 28 A B ) 7 ER
JCN I, B K a5 R A o R A A TR R eR A
KR o BT A7 G 05 X A Bk R B T (vegetation
response units, VRUS) #7405, 55 1007 4 T FH8 48,
55 2—3 0k L B 4—5 Sy = A A,
6NN T Y . R 1—5 ST X AE B
M) 7 B IC 43 2K

F1 BEHEWMMEBATEIMCESL(TREEHED)

Table 1 First place of vegetation response
unit (aridity index codes)

RN e T R85 G T
T8 Y T b (X 0.50~0.65 4
T30 IV 9 90 3 X 0.65~1.00 5
T b X >1.00 6

T2 HEHWMMEATE 23 HEB(TERMED)
Table 2 Second and third codes of vegetation
response unit (soil texture codes)

e 35ig 1 ity
Wb F 12
7+ 13
it 15
Wb+ 17
e+ 19
b o 4 + 20
i+ 21
HEvh + 22

1.2.4 HMHBEXFR

A X AR AL T 2 AR R E RS A
HoAE % B S K o ik B AR R A B Y
b Fry -+ B K 43 BB A S R N A R L AR BIF 5 R
A Mann-Kendall (MK & 34K 56 43 87 7 325, %F LA 3R
15319 2000—2023 48 41 9 B I 4R AT B AR 5 . MK
K9 & — FPAE S SR 50 T 2, BB T A I AR
g DA N R <5 O S R P VA R i |
AR ICAIIR T MK A S 3 i F

Szni i sgn(x;— ;) (7)

1 (Ij>1i)
(Ij:l"i) (8)
—1 (l‘j<l‘;)

sgn(x;—x;)=19 0



5 6 3]

-

ol A0 A0 T 22 2 S 4 v K B T 2 A DA B ) R 4 A 373

F3 HEWMMRETEI—SURBE(ZRERHLBIHERD)
Table 3 Fourth and fifth codes of vegetation response
unit (tertiary vegetation type codes)

w2 A ity
ToHE X 10
AR [ I 7 bR 16
T 9 W i i Ak 17
. AR AT [ B 9 VR SC AR 19
FE IR 5 A T 20
TR 7% AR 22
Fi 5 R RE F ) 25
B R 5 R OR REVE PR A 26
AT B AR 34
e ER A N 35
— AR T FE 5 VR T AR 1 38
—AE B R S5 T S 4 AR 39
iE ki | o N Y 49
T i 50
TR AR B4 B b R R 51
PIAE = 20 — 45 T U B VR 5 95 2R 53

R4 HEBENINATE IHD(HKEHD)
Table 4 Sixth codes of vegetation response
unit (slope codes)

4} 3 G 2K it fith
0°~5 T 1
6°~15° Z 2

F5 HEWMERTETAHRDB(HEED)
Table 5 Seventh codes of vegetation response
unit (slope direction codes)

W 1i] o 1

JCH X
0°~45°
45°~90°
90°~135°
135°~180°
180°~225°
225°~270°
270°~315°
315°~360°

0 N Y Ul W NN = O

n(n—1)2n+S)

var(S)= 18 (9)
(S—1)/Jvar(S)  ($>0)

7= 0 (S=0) (10)
(S+1)/Jvar(S)  (S<0)

A2 ROR AR OT S AR AR . MK 5

g b, Z2>1.96 B}, FRIRTE 0.05 b 3 KF LA 9 55
R R E T 2<<—1.96 I, R B R
BE TR Y 275 —1.96~1.96 X [a] ], ¢ 7 H B
R ARk
1.2.5 X3RS HBAR ST HE

BE T 3 43 9 R B N BT, DL 2 R K A
F AR B, M a6 O DR AE e RS DX P 4% A T )
A TCA 22 T 4R LA 43 B, ST A% 28 B e R BRI
P 3K G S A B SR M RO R Il
[EER e sSnwy

Y=28,+pX (11)

Aob YRR X ERR =2 R OK S
Bo h ENH A EE I 5 3, 0 [m1 A R A, Fm 45 )2 1 HEK 4y
Xof A B 7 6 R 1 5 )

R 3 0L A 11 A5 21 [l 5 2R B0OR AR, S K TR
A B W 1 PR T - HE K 43 5 AR A B R LG R
F 4 ST A1 U RR B A5 A R B e R BT I A R A
B S Y | A 8 T M DA R 3 R ORI i A DR R R
f DR Ih i 08 B 9 A b 300 g A A A ) 7 B G v L
HEK 4y 5 MR 5 B A IR G F o X T 45 A AT g
BT T AR A5 9 [0 05 pR K, 3 2 B e E R BCRD
E B LE R . THEARX R

i(yi_?i)z
Ri=1—""— (12)

n

Z(Yi_ Y)Z

A s Y, S S R UL T (R 3 BE AR s Y, A Il U A A
() T (L 5 Y o TO0 00 AR A S B O P A M . R (R
HEVE T 1, 26 W04 5 B s

R 7 0L RBL DA K 4 S 1 e L AR
A TEL RT3 e B P TR 5 B T 4 )
7% Ik B P9 - 8K 3 T B 7R 4 10 R s B . AE
Fa s DX 9, 3 F I A AR R I BP T H BE AL A 7 Y
S HE— 2 R X M R R, e IR
N7 2R TC (1 25 55 IR, WA JRS £ T 58 A 3 30 5 4 S 1 1
RO 7 207

I I ) D R K90 4 285 SR 15 % 2% 1 A 32 1 4K
JIF B 7R B A T S R I R LA R Sk
() 2 9 L B R 91 R B, BT 356 5 B 5 X AR 7 3%
FHEE . AR

€1':5717371 (13)
Yu;)pch:/Y\vi_’_ €i (14'>
Ylowcr,f:/y\vi_ € (15)

e AIREA; Yoo WIBORETT LR Yigwers
NHBURE ST PR



374

JK A PR T A

o545 %

HiRkIR
St SRS XY S K o3 R R B R AR W g
SEBE A WEE BT E AR R (digital elevation
model, DEMD 4 | 4> Bk fifi 11 [7] {1k & 4t (global land
data assimilation system, GLDAS) ¥t ¥ | + HE 5 45 .
- 1 A B A (R 6D .

SEHWAFEE R E) EK TN KR E
B 6N R 1 R e K XGHE B i R
i H ORI R o ik 9 28 Bl GLDAS $dfa 48 it
TT#b 3T

B R I MODIS-MOD13Q1 % NDV T4,
i FH MRT (MODSI Reprojection TooD ¥ MOD13Q1
ol N HDF 8% 42 TIF A% 20, IF 78 ArcGIS HE47#

1.3

BRI RBUN NDVIUE , T B e s 5

DEM #5448 /2 A 48 i X €L T ik i 0 2 4l iy
(SRTMO HHi A2 2% U0 iy >k, 1 T 5 MU 5 Fn g 1 o

- B AR 5 AF 5T X A A H I 10100 7 4 4
BHE R AR VIR T AR B e By BT AR S

+ i F) FH B AR BE 2000 4F L2005 4 2010 4F |
2015 4F 2020 45 3t 3 v [ A bR T 30K 2 J s
AR R NI AT I R AL N B A TR s o L
HH,

FIFH Kriging 4 8 75 ¥ 85 800 <4 BR8N
25 8] 43 # 5N 250 m X 250 m 1Y A% B [ Ik BT
A BB R R AR A =S ] 43 B 250 m X 250 m
FR A B, B MR B UTM (RSl 28 R R .

R6 HERIR
Table 6 Data sources
PG kg BPES R ASE R B R
e & Text d N/A WP E A SR B SR 45 W (http : /data.cma.cn)
GLDAS %5 4 Raster 3h 0.25° NASA R34 (http: /search.earthdata.nasa.gov/search)
R & &1 Raster 16d 250 m NASA M3 (https: /ladsweb.modaps.eosdis.nasa.gov)
DEM %44 Raster N/A 90 m iy P 25 8] 5085 = (hitp: / www.gscloud.cn/search)
+ B HR Raster N/A 1000 m R VKN R 90 R 2 40 oG (hittp : / www nede.ac.cn)
& 4t ) B Raster N/A 100 m o ) 2 e e R R BT AL 2 5 8 b (https : // www resde.cen)

2 #R50br

21 HEEBEERTTHEE

H T MODIS 7 it , 71545 20 58 XA 9t o B2 1Y
i 25 A8 Ak i 4 (18 3D o

fE 25 E) b, WFAE X AR Bk R Ol 13.30%0~
94.80% , HEAS 5 v ] i  m ALK A A (R A A 4 Ry .

a FHHEAEZAGZE L

)

HH

=

b=

i
b 1:94.80
fi%:13.30

0 50 100 km

[ Ay i 2 63 X, RS A3 DX s 0 A 5 AR 70.00 24
DA b5 B 65 5 DG 30 A 2 2 g XA 3t R T 26 R
B B, AR B 55 R B AR, CF 9 7E 30.00%0 A
s BFZE X i A 5 A e X AR A S R O
F/NEEA, AR BT o B2 A, 2972 40.00%6 LT
5T DX 5 7 S g 3 T e BRI, TG il R T 26 R
DA 3t R O =, AR BB o R X A

b P E SR FIRER

80
]
75 n ‘.‘ -
N |
: u .-" u -
-‘l ," I--I: vl
70 P =
.
S
65 -
L
60 Lni . . . : :
2000 2004 2008 2012 2016 2020 2024
&

E3 WEEX2000—2023 F B BEEZERTTL

Fig.3 Spatial and temporal changes in vegetation cover of study area from 2000 to 2023
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Fig.4 Validation results of soil moisture content at different depths of study area
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Fig.5 Annual average soil moisture content at different depths of study area from 2000 to 2023
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Fig.6 Vegetation response units and vegetation change zones of study area from 2000 to 2023
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coverage across different depth layers of study area from 2000 to 2023
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current vegetation cover of study area from 2000 to 2023
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