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Abstract: To reveal the biophysical response mechanism of the energy interaction between the land surface and the
atmosphere in terrestrial ecosystems under the influence of ecological restoration projects, this study analyzed the radiation

budget characteristics of a planted shrub ecosystem using the radiation observation data collected in the Yanchi desert steppe
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region of Ningxia from 2019 to 2021. The response of surface albedo to biophysical factors was further examined using a
random forest model and ensemble empirical mode decomposition method. The results showed that: (1) The diurnal
variation patterns of the planted shrub ecosystem were generally similar across seasons; however, significant seasonal
differences were observed in the change amplitude, peak time, and daily average value. (2) Downwelling shortwave
radiation and longwave radiation both showed obvious seasonal single-peak change, and net radiation and net shortwave
radiation also followed similar seasonal patterns. Downwelling shortwave radiation drove seasonal variation in net radiation.
The albedo trend during the growing season exhibited a concave valley shape overall. (3) Soil water content, vapor pressure
deficit and leaf area index were the primary biophysical factors that affect albedo. The relationship between albedo and these
biophysical factors was nonlinear. (4) Precipitation events, coupled with soil moisture, drive short-term fluctuations in
albedo, while intra-annual seasonal growth of planted shrub vegetation determined long-term albedo trends. This study
enhanced the understanding of radiation processes in planted shrub ecosystem of desert steppe area, identified the key

factors driving albedo changes, and provided a scientific basis for desert ecosystem management.

Key Words: radiation budget; surface albedo; biophysical factors; planted shrub
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Fig.2 Diurnal variation characteristics of radiation components in the planted shrub ecosystem at different seasons
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Fig.3 Variation characteristics of radiation components in the planted shrub ecosystem from 2019 to 2021

PERIIEZS | B =B A KR 355 R Sl AR Al b 2 I — B0, AE g D AR S 00 215 P JRTUIAN BE B I 5 A 4
SRR N R T R AR . WARSS OGO ERE | i R S B 0 IE(E, RN TR TS
FRGEAE S B LI SO RE I O T 5 VR IR S 0 (L, RN TR N 25 AR G A IR I B LU RE 1 5 vt
TR IE (R, B S R G LA SR ST RE 0 . RS SR TR, v i S0 8 3 28 52 v o 0 A 3
AR, I AR B A DR v R R S A RN B AT S AR S I B R SR AR B e T N TREANAE S R 4L
TEANRI 5 AR n] FHRERE 2255

E%g . w‘ é | é \ —— R | @%g
3 R \ WNMWW WWWW M m Mm mmmmM\WWWVWW- -

| I I I N IS NN S — | I N — | I N | I I I N N NN S —
1234567 891011121 2 3 4 67 891011121 23 45 67 8 9101112

El4 2019—2021 £ ATENES RGBSR ST
Fig.4 Variation characteristics of radiation budget in the planted shrub ecosystem from 2019 to 2021

2019—2021 4F N THEMNERZE (4 A= 10 A4 R IR NE 5 prs . Y BEEH 0.154, Hipiok
B} 0.198, 5/IME K 0.088, 4 2021 4E4M , N THE A 25 R G0 I FESRIEAS | R P H DUSEAN = K 20y JR 401 1

http ; //www.ecologica.cn



15 1) T 45 Tt m i XN T DA 285 2R e A S MAe S 8 HG A gy B 1o AL 7

A RAAIE , (R A7 A S AR IR IR 0 SR e i AR BitAE K 2 10 ML AR i 5 N T DAL 9 A Y R — 2,
AR R iy s B P T AR R R A 2, SRR B T e {1 5 o IR A U 1 S A1, 15 i 2K 20 (R IR T
(FEoK B LMK oy ) 58 —8, fH 2021 FFAE KT Ui ™ 5 1 5020 B B0 T A THEM RS R i 1
FRAFAE, FEAE R SRR T &

0.20 - 20194F ' 20204F ' 20214F
0.18 |-
0.16 -

1% Albedo

B o2t

R

1

1

1

1

1

1

0.14 :
1

1

1

0.10 1
1

1

Lo T T N B S N
6 78 9101112 1 2 3 4 5 6 7 8 910 1112

0.08

B 5 2019—2021 EATEMESREERSERBESTH
Fig.5 Albedo variations in the planted shrub ecosystem during the growing season from 2019 to 2021

2.2 N TTHEMNAEZS 2R G S A Ay B 17
221 IBREEHLARMBERAG 25001

VR AS R A= My BRI 06 N TR AR 25 R GE IR B2 IR, AR5 LS R A S iy b A 4, DA 242
Yy B D A o g R B M AL AR MRS D48 o BE ML AR MRS B 4 R (ARG 38 |, 7 22308 1o 3 A0 i 8 19 7 0
XS HHATIA . ANTET 6 Fron  7E 73 2880 3 I AR5 22 [ 2 5 IR s 4 70 JEMP B IA 1) 100 J, B R
ZEHABTRE, FT U0, A8 e 8 F Y 732800 3, 73 J B0 100, AT S AF A Kt
XA (LI (AU (A T U S A B, 28 R 2 R R A A A b R B B A PR, 2R PR UL 0
PE R R 0.91, 2 W T HE 7 (14 B A L AR MO U101 45 SR R A6 45 e 14 A Ao 500l 1) 28 S 5 340 AR 1% 2% RMSE
A 0.005 , 2 W BT A4 ) BE ML AR MR ASE B HAT vy R RADURS JEE

9.0 r 16 0.20 11,7
é 14 + )
x 85 ¢t %
5 Z 016
: 12 :
S 80 3
S ~
p= 10 i °
ﬁﬂ = 012 = 0.85x +0.02
% 7.5 ¢ sl E R2=0.91
Fd RMSE = 0.005
b el 0.08 & : : ;
1 2 3 4 5 6 0 100 200 300 400 500 0.08 0.12 0.16 0.20
43 %% Number of splits 4y M E - Number of trees WA Observed value
B 6 FEHFRMER SHS00 5T RS EWIE
Fig.6 Impact of parameters on model simulation and its accuracy evaluation
2.2.2 GO S RS 0Y) E A ) 3L A B )
BET BRGS0 W IR BRI A AN [F] A W B AL S IR AR e R (1 7). K
SRR R K VA 26 1 AR I D A vy ) S S VAR A TS A2 3R W] — 3 I 5 el o B i) F2 82 I R R R )

PRIA -, i AR AR B v T AR AT R Al R A, R T ARSS BN S IR e IR AR B
M, 717 G0 Ao 85 HAB A By B A 5 S B 2 (R A EL A T (B A VR R A Al R S R B AP o

http ; //www.ecologica.cn



8 JAE = 45 %

o055 e 1 A AR R AL R R R S A R AR Lo B I R A S MR AR O N (B AR RE A L RE X S TR
P R, AT 2 S B A S B X S MR A A R

SWC VPD

VPD SWC
W &

=& LAI DSR

R T LAI
#E
@

DSR T,

T, T

0 5 10 15 20 25 0 1 2 3 4 5 6
¥ M:454) Importance score A5 J 48 Node purity/(X 1072)

B7 E£YMEETFEZUHRF

Fig.7 Importance ranking of biophysical factors

2.2.3  f JER WA Y B R T O o BT

B8R 545 A Wy B DR 22 0] AR AR A O R AN TET 8 itz , ANZ2 AR W B IH 15 s R 3 2 ) 7 I e A Al
LRI AR | HL IR S AN [ A 4 B DR o JO7 e B8 ) 7 65 p A TR ), ISR X 6 ARSI A i B IR
IR 7 S L SR, S 3R M 5 3R A3 5 B AR A K 9 2 1 S W i, T X SR TR R R e/, TR
R 3K B B A IR < BRIE T R B RE S, R EK A F TR 0.02—0.04 m®/m’ 1 0.08—0.1 m’/

16.5 15.5
16.0
16.0 - 15.4
15.5
15.5 15.3
15.0
15.0 ¢ 14.5 15.2
145 14.0 15.1
(I;E 14.0 13.5 15.0
é/ 135k . . . . . . +13.0 == . . . . . . 49 L~ . . . . . . .
8 0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0 05 10 15 20 25 3.0 0.1 02 03 04 05 06 0.7 0.8
2 40K HARUKYUE % B8
g_ Soil water content/(m3/m?) Vapor pressure deficit/kPa Leaf area index
15.6
= 156 15.8
= .
15.5 15.4 F 15.7
L 15.6
15.4 152
150 15.5
153 sl 15.4
15.3
15.2 14.6
15.2
144 |
b T ——————w
5 10 15 20 25 30 35 40 0 100 200 300 400 500 600 700 0O 5 10 15 20 25 30 35
R B TATHLB ST 2R
Soil temperature/°C Downwelling shortwave radiation/(W/m?) Air temperature/°C

B8 REBZESEYIERETF 2 BRI EE
Fig.8 Partial dependence plot between albedo and biophysical factors

http ; //www.ecologica.cn



15 1) T 45 Tt m i XN T DA 285 2R e A S MAe S 8 HG A gy B 1o AL 9

m’ PR DX 0] 2 S B 7 i SRR ) X, AR AR IR 25/NT 0.7 kPa, BRI M I AH G 1 5 2440 A
KIRE 2T 0.7 kPa FFHBURATR WA 5, SRS A K PR 25 3808 08 e 1, >4 i T B4 Sk 1
0.3—0.5 A DX I, Jiz HR 2482 g 25l - T ARG Iy 1 B3 5 B Y i T RRAR B0R L 0.5 5, S BRI 2k 25 % i T AR
AR, 25 SR AR 5—24 °C 8] 3R BETE 10—30 C ], Sz BRI F I 5 & AT iy X & H I
M S0 2 B AR X 4/ g R SR 2 ot 2 6 8 B e (4 10 3 i T s, (R AT S B AR SRR 280 W/m® LR, S BERX)
L U0 i et PR 7 1 A A T TR ALK
2.2.4 SRS G A Py BRI N 34T

LS B S BERARACRFAE 0T LUE Y, N T AR 25 2R 50 I HE 3R A P AR AR A v 431 1 26 30 08 8, S IR
PRI R, FIFHAR & RIS 0 M | 1 S IR A3 th R AT e M08 20 () 55— [ A RS 4 i (IMIFD ) R SR
TER R 5% 25 (RES) |, AROR AT SR ShR S i B Dy BRAILN (181 9) o 25 SRR HH 56 — A B o it
55 R K A = K 43 78 Ak ELA B S5 000 [R5 A, 28 BH A K 3 3500 398K 43728 Ak st oz 3 e U0 e s g =
KR Z Mgk 5 AR AR B — B0 s B DN TR M AR N PR AE K 2% T O
RIFENRIES, EE R 2021 FFARKFPIMRSE T 59 & LK K 78 Ot A
PRI 2 2551 RS T RE SR IS, % B B3 A il PR E ), e 4300 2021 419 2 BRRK i 35 5 TR
FEEC 2 S I B £ T K A S R (1) e /K 4 AR AL SR 3 T S S5 A S U9 0 s, i N T DA
BRI N 2 AR R T R IR AR R

20194 20204F 20214F
"""" WBEARES R — K ==RokE
0.20 , 1020 o~ 60
5 I - & )
= | b
i 2 0.15 | 0.15 g £ g
&< | €5 |“ms
82 010 ! 0.0 & E % E
% £ : 7%’ 13} & &
e | By 420 3
= Z 005 | 005 H & £
= |
=} | =
0 0 % d0
0.20 T ﬁ% - ufﬁﬁ%ﬁ . -10.8
| .
el e
0.15 : R N = 06 &5
1 ~ 1 ES e}
= l | sz g
= 010 ! ! {04 B
®E | | =i
2 | | 4+ =
0.05 | 02 =3
I I
1 I

1 1 1 1 1 1 1 1 1 1 1 111 1 1 1 1 1 1 1 1 1 1 111 1 1 1 1 1 1 1 1 1 1 1 0
1234567 891011121 23 4567 89101112123 456 7 8 9101112
H 4 Month

B9 ERKERBREHSKATUHLESBREDYIBIRVLE
Fig.9 Decomposition of short-term and long-term variation of albedo during the growing season and their driving mechanisms

FASZERr227R 2021 4F 6—8 A N LHEN ARGl i+ 540

3 g
3.1 AN LN R G R AA IR sh AL
K 32 Z A M B IR T (R 38 LSS ) | AN T) 2R 0 AR 28 R 8 I IR R AR IR Sh AL I AF A B 22 72 ) e

PR PEALE T7 1, 5 XA A AR ST 00 S IR R B 0 8 S M K RO R DD, B K A A R e R
DX B b A 25 2R 8 A IS R A R ) P9 2 A A R 5 AR At A IR e ¥ i DN 0 A A 25 2R 9 A i
RFEE PRSI —E (18 9) s il DL, 5 DX R R 7 b ORI ) 1 37K 23 T e 3R gl 17 e IR A ) 3
BT AN )y ) R TR 4t SRR S A S i S 99 8 A, LRI e TRk ol 17 362 3K 43 4

http ; //www.ecologica.cn



10 o SO

&t
H

#H 45 &

SN T - S R A S ER WA S S TR

TEAE DR LA 7 1, i Ak 2 kot R i M g X 4 9 I DA ) e J 2 A A P 2 A SR B AR A AT
FEA RGN, AR R RS A, B A K ZR 5 P R R R A DT IE S MR 7S R G 1 e 2
JEX I B 2 A 5 2| EE RS A T i) LAL 78R3 A 35 R e b A RE i 58 B P oA A O AR T
HE AT, N THEAA S RGOS E A AL AL TR TE T i MR A U1 580 R b e 5 o W S 9 4 P o
ik o U LA I3 AR DL AR S22 235 1 2 A A A 0 42 ) 67 o 3R 4 e 00 D5 s AR U 38, (E A b X 3l S 5K
Bk, HENI 24 M A R AR T R K S i AT R A R, IR T R R 22 088 AR 1 R Rk S IR KA
WISl 3R A e N T E AR 25 28 U SR WA S g o 17 A S A =R RIS T 18
3.2 N7 DR S 15 o i S B e M S SRR DR A A A R S

e B X AR T NS U AR ZS R G A R R AR DA WHSE A AR SRt e R A T
HEMNG |, LAT (AEIRAB T 0.20 BEANE] 0.67 , AERLAR A 5 4R BRI AR RARFAE L & LR AR 08 7 T DAt
P AR AR i B, ARt T RO/ TRAR AR ) A VAR g TR AR R E N . AR 2 A TR
- HETK 3, XTI 7K W 157 B A AR R DA D] = R R 2 SR g3, OGS R Ik e g s, N TR A
TEASE T M FARBOE =S50, 5 R T M3k K SC R 7 ) A2 Ak, 60458 - 387K 7 it 25 RN A AR /Y
KA RIS R B AR AR S RE B OGS R . £ BT N T DA AR el A e K S S HARE IR L K 43 X I
R R AT BTl 5 , M WA M SR AR SIS SO A v AR A i — 2P

LAL#R5 [ MR s e o S BU IR I T RE | BETRIE AU 2 i AN THENES RS, ©F
B0 B, e T A i XN TP DA AT (0 A5 i S kA 1t D 8 A St 53 00 T 5% (7% 149%™ g
VPRI R A AR UK S T M FOKABER AR . O 4R IE R B0 AR B SRR 1k B Bl R e, N T M B2 i i
R AR IR 2 K G R 2 KA AR 2o X T T2 R B R, TR T R
BB Z 8 B IR RS R YUK G R | & B A A AR 2 R, A RELEFFAE S R SE )
RERARE IV , B IR AR TR B TR A IR IR

4 Zig

FT T AR RS R XN T HE A 25 RGO AR 5 A Wy BEOOLIN A0 3 5 s R K DR
S AL IR S AR AR, S REALAR PR R N B 5 RIS i A5 07 1 9T 1 ORI R R XN THEAE S AR S
FRGTSC R AE B AL . RSN N TN S RG AR S H N AR TR AR A 5 R B
PRI & I i S e B B 20 A R S PR AR AR 1 AR U BEIN 75 S IR Z [ AP AR e M A Horp 1 0
K Gy ALK IR 22 R T ARG HIOE 5 ) S IR AR ) 32 2 A W W DR 7, R A S RE B S LU B9 5 B K e
L HABIR B 13Kk 73 AR A HR Bl 1 5 M 3 14 S S ML e sl A R 0 RE FRE WA, AL WO SR A5 M O AR (ke T
SRR RIS SR SC I A Y Wy BRI L S N T RE A S R G S A D e PR DIASG % A0F
FEAR AT R RN TAE S R G B XA R SR R AR 3

£ 3L Hf ( References)

[ 1] Wild M, Folini D, Schar C, Loeb N, Dutton E G, Kénig-Langlo G. The global energy balance from a surface perspective. Climate Dynamics,
2013, 40(11-12) ; 3107-3134.

[ 2] Bonan G B. Forests and climate change: forcings, feedbacks, and the climate benefits of forests. Science, 2008, 320(5882) ; 1444-1449.

(3] BRZemg, ifLl. SR BRI TIa B ST . BL5E R, 2024, 69(1) ; 30-44.

[4] HeHZ, Kramer R J, Soden B J, Jeevanjee N. State dependence of CO, forcing and its implications for climate sensitivity. Science, 2023, 382
(6674) : 1051-1056.

[ 5] skfe, £, W, 00K, Wby, LK, 228, SR, £8d, £, Ueks, Wik, BRBL, &6 K. 2ERARE i 25
BRAEHIOFFE . AR kA7, 2022, 52(3) : 400-417.

6] SRWME, TFCE, B, FIET, KN R X R SR RO AR DCHERST. T E VDB, 2011, 31(5): 1141-1148.
[7 Duveiller G, Hooker J, Cescatti A. The mark of vegetation change on Earth’s surface energy balance. Nature Communications, 2018, 9(1) : 679.

http ; //www.ecologica.cn



15 4 T 45 Tt m i XN T DA 285 2R e A S MAe S 8 HG A gy B 1o AL 11

(8]

(9]

[10]
[11]

[12]

[13]
[14]

[15]
[16]
[17]
[18]

[19]

[20]
[21]

[22]

[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Ouyang Z T, Sciusco P, Jiao T, Feron S, Lei C, Li F, John R, Fan P L, Li X, Williams C A, Chen G Z, Wang C H, Chen J Q. Albedo changes
caused by future urbanization contribute to global warming. Nature Communications, 2022, 13(1) ; 3800.

Guan Y L, Lu HW, Yin C, Xue Y X, Jiang Y L, Kang Y, He L, Heiskanen J. Vegetation response to climate zone dynamics and its impacts on
surface soil water content and albedo in China. Science of The Total Environment, 2020, 747 141537.

B, XUGRE, XL, B EAL. 1990—2010 4 [ £ Mo s 4 1o 5 i i RCR O 3R S RIE . HBHE2A 41, 2013, 68(7) : 875-885.
Wang K, Zhao D S, Zhu Y, Gao X, Deng S Q, Chen Z W, Wang S S, Cui Y P. Albedo-dominated biogeophysical warming effects induced by
vegetation restoration on the Loess Plateau, China. Ecological Indicators, 2023, 154 110690.

Schlaerth H L, Silva S J, Li Y, Li D. Albedo as a competing warming effect of urban greening. Journal of Geophysical Research: Atmospheres,
2023, 128(24) . €2023JD038764.

Stephens G L, O'Brien D, Webster P J, Pilewski P, Kato S, Li J L. The albedo of earth. Reviews of Geophysics, 2015, 53(1) . 141-163.
Hasler N, Williams C A, Denney V C, Ellis P W, Shrestha S, Terasaki Hart D E, Wolff N H, Yeo S, Crowther T W, Werden L K, Cook-Patton
S C. Accounting for albedo change to identify climate-positive tree cover restoration. Nature Communications, 2024, 15(1) ; 2275.

H IRk, KPS T PRI, XKk, BB, i AERE, Bl e YR, IR B R P AR B v IR L M DX B M 3R R S S
B, RS, 2022, 42(11) ; 4550-4560.

EX4, SRR, TRk b IE R o e S R DX L AR SR ST Y. BRI, 2013, 32(5) ¢ 1272-1279.

SRARIR, RAREN, BRI . T VAT B L Pt R ST A R S R AR AR, k)R L, 2018, 40(6) ¢ 1216-1222.

Huang G H, Wang W Z, Zhang X T, Liang S L, Liu S M, Zhao T B, Feng J M, Ma Z G. Preliminary validation of GLASS-DSSR products using
surface measurements collected in arid and semi-arid regions of China. International Journal of Digital Earth, 2013, 6 (supl) : 50-68.

Bender F A M., Rodhe H, Charlson R J, Ekman A M. L, Loeb N. 22 views of the global albedo—comparison between 20 GCMs and two satellites.
Tellus A: Dynamic Meteorology and Oceanography, 2006, 58(3) : 320-330.

WRZeZe, RASHT, MR, XU, 505 MODIS MR I SRR S5 MmN 45 R b, BHEE AR, 2016, 32(11) : 47-50, 55.
Sanchez-Mejia Z M, Papuga S A, Swetish J B, van Leeuwen W J D, Szutu D, Hartfield K. Quantifying the influence of deep soil moisture on
ecosystem albedo: The role of vegetation. Water Resources Research, 2014, 50(5) . 4038-4053.

ez, sROIAL, JERERE, EAOR, ERUHE. T F K PR BN 22 AR R A DXCH R A I 14 5 AL RIE 9 — LA G R AT bl X 4. A AR AL RIF SR
J&, 2024, 20(3) ; 304-315.

Wiz, BB, & A8k, ERM|, £IH. 2000—2017 4F o [ X Fe 52 BRAAR 0 B HEZ i [ . MBI 5T, 2022, 41(2) : 562-579.
RIRNE, MR, EFSR, BUEK, ZEBR, POBHT, SRR, SR TR =R KR TEA B R S IR R AR B AR SHELEE ROV A
2022, 42(14) : 5630-5641.

B, M8, FIE, P, AR BT GF-1 BRI T EER AT R N TR ERR 5. PR ARl 243 . A SRR, 2019, 39
(1) 152-159.

Ma L L, Qiao CL, DuLT, TangE T, Wu HY, Shi G Y, Xue B, Wang Y X, Lucas-Borja M E. Drought in the middle growing season inhibited
carbon uptake more critical in an anthropogenic shrub ecosystem of Northwest China. Agricultural and Forest Meteorology, 2024, 353, 110060.
DuL T, Zeng Y J, Ma L L, Qiao CL, Wu HY, SuZ B, Bao G. Effects of anthropogenic revegetation on the water and carbon cycles of a desert
steppe ecosystem. Agricultural and Forest Meteorology, 2021, 300 108339.

FRRHE, AR, WEER, S E, M, R, R, FT SEBAL ABRITAL T 52 5 KN TIE M o fili 2628 U 52 . ARolk T
2=k, 2021, 37(10) ; 110-117.

Tang ET, Zeng Y J, Wang Y F, Song Z B, Yu D Y, Wu HY, Qiao C L, Van der Tol C, Du L T, Su Z B. Understanding the effect of
revegetated shrubs on energy, water and carbon fluxes in a desert steppe ecosystem using STEMMUS-SCOPE model. Biogeosciences, 2024, 21
(4) : 893-909.

Mira M, Olioso A, Gallego-Elvira B, Courault D, Garrigues S, Marloie O, Hagolle O, Guillevic P, Boulet G. Uncertainty assessment of surface
net radiation derived from Landsat images. Remote Sensing of Environment, 2016, 175; 251-270.

AR, TR, BRI, R, A, b s T A D2 S A R A A MR, 2021, T6(11) ¢ 2814-2829.

KT, EHE, SKOR, X, PMIEER, EFL. BENLAMS R A A A A 252 W B — DA = R A S TR AU R 1], A2 2524
2014, 34(3) . 650-659.

WG, T, SRER, KR, OV, SKEREE, A, TR ET BN AT N s AR TR, hER AR,
2021, 42(5): 390-401.

Wu Z H, Huang N E. Ensemble empirical mode decomposition: a noise-assisted data analysis method. Advances in Adaptive Data Analysis, 2009,
1(1); 1-41.

Post D F, Fimbres A, Matthias A D, Sano E E, Accioly L, Batchily A K, Ferreira L. G. Predicting soil albedo from soil color and spectral
reflectance data. Soil Science Society of America Journal, 2000, 64(3) : 1027-1034.

Matthias A D, Fimbres A, Sano E E, Post D F, Accioly L, Batchily A K, Ferreira L. G. Surface Roughness Effects on Soil Albedo. Soil Science
Society of America Journal. 2000, 64(3): 1035-1041.

FHg, HGE, TAk, Bk, TR, REW, fR. FOBER TR ZEHUE S5 1 R — LA B o . A2, 2020,
40(16) ; 5638-5648.

Mu Y M, Yuan Y, Jia X, Zha T S, Qin S G, Ye Z Q, Liu P, Yang R Z, Tian Y. Hydrological losses and soil moisture carryover affected the
relationship between evapotranspiration and rainfall in a temperate semiarid shrubland. Agricultural and Forest Meteorology, 2022, 315 108831.
Feng H H, Ye S C, Zou B. Contribution of vegetation change to the surface radiation budget: A satellite perspective. Global and Planetary Change,
2020, 192: 103225.

Ge FC, XuM X, Li B B, Gong C, Zhang J L. Afforestation reduced the deep profile soil water sustainability on the semiarid Loess Plateau. Forest
Ecology and Management, 2023, 544, 121240

http ; //www.ecologica.cn



