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Abstract: As an important recharge source of dry season runoff, baseflow plays an important role in maintaining the basic
flow of rivers and the health of the basin ecosystems. However, under the influence of ecological projects such as the Grain
for Green Project and climate change, baseflow changes and their influencing factors have not been thoroughly analyzed. A
comprehensive understanding of these dynamics is essential for effective water resource management and the sustainability of
these ecosystems. Taking the Chao River watershed as the study subject, this study provided a comprehensive comparative

analysis of the applicability of nine different baseflow separation methods based on the hydrological and meteorological data
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from 1961 to 2020. In addition, the Mann-Kendall trend test and the BFAST ( Break For Additive Season and Trend )
algorithm were employed to elucidate the time-varying characteristics of baseflow and the baseflow index ( BFI).
Furthermore, the dominant factors of the watershed’s baseflow changes were determined through multiple linear regression
and the slope change ratio of cumulative quantity methods. The study found that; (1) The two-parameter Eckhardt recursive
digital filter method demonstrated relatively higher estimation accuracy, and the baseflow process line obtained using this
method was more consistent with the actual changing characteristics of the Chao River's baseflow. (2) The annual baseflow
showed a significant downward trend at a rate of —0.22 mm/a, while the normalized difference vegetation index ( NDVT)
and BFI exhibited a significant increasing trend (P<0.001). Meanwhile, there were abrupt changes in both baseflow and
NDVI in the year 1999. (3) Vegetation restoration emerger as the dominant factor contributing to the reduction of baseflow,
with a substantial contribution rate range from 73.13% to 86.87%, followed by potential evapotranspiration ( contribution
rate of 13.13%—43.28% ). Additionally, the increase in precipitation had a certain promoting effect on baseflow, with a
contribution rate of 2.63%—16.42%. This study provided an important scientific foundation for the sustainable utilization of

water resources and sustainable vegetation restoration in the Chao River watershed.

Key Words: Chao River watershed; vegetation restoration; baseflow separation; baseflow index; time-varying

characteristics
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Fig.1 Geographical location of Chao River watershed and distribution of hydrometeorological stations
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ARy —FL  NDVI FAIL T 1999 43T % A 2878 (18] 5,P<0.001) , FEAEN] NDVI 2846 A B (P=0.35) , H
1999 4EJ5 NDVI LAAHAF 3.81x 107 % i 2 | F+( P<0.001) .

AT IAE I A b ) FH 28 TR 32 A kD, | M|V ROPR ML K SR B b | R R SR R R b L 2
(FES) . o, B R i AR A 22 0 L M A PR, S5 B (g bk, S BIFSE IRH I P, 55 i 2% 1) b ot 1) o R
43 51K 268.52 km* 1 325.78 km®, WLAI, B it 2 S0 P 5% H T RS 22 1) - iR R S AR S R [ R b R AR
Mo TGS IS P 531 1 R R S ) 110.80 km? F1 105.69 km?, A& 116.03 km?F189.55 km?*, At ]
SRR P R A e AT RS B 398.27 km® Al 422.43 km®

Spearman FRAHSCAGIREE R R Fe i 5 K 2 TR ZE B s A NDVI R AHOC (KR 3) . Horpr,
NDVI 535 i (A S i K, S -0.51( P<0.05) , HOR A 781 (R =-0.36,P<0.05) fif# /K& (R=0.31,
P<0.01) , FHULHED, NDVT FIHE7F 25 150k 2 A 38 Jin e 356 300 12 s/ 0 31 22 19 3R s/ T, ND VI AT RS 33
FLW AR G HE P 2 FK 2 38 It L A R B — e 1 IR0 . AR, P AR A RN R A 1 B AR Ak
BFI 5K & W TEZEHUK B NDVIAHCHE Y AR 2 . SR SCRAQ J7 ik Fl 22 Ju k11 5 o s PF-Aik i 4l 7k
i W TEZEHUL A NDVI X JR I f A8 A 0 52 ), 45 R 3 WA Bl A8 fb 2 R O il 1 £ S LR BTk R Gk
86.87% , HIVR SR TS TEZE B R IR IK , TTRRR AT IR 13.13% F1-2.63% , Al , 22046V 0] 15 45 5, 3¢ W AT 2
A 3o 35 3 B U /DR B T bk E M B, SRR IR T3.13% , AR ZE L R K 1 BT RR R4 Bl 43.28%
F-16.42%.,

F3 EAERAN BFI TR AR
Table 3 Driving factors of baseflow and BFI in the Chao River

. Spearman F 4L HIEEY' SCRAQ TTik®
fent Spearman coefficient Regression coefficient Contribution rate of SCRAQ/ %
Variables N : N
L BFI B BFI B
K Precipitation 0.31*" 0.09 0.11** -0.05 -2.63
WiAEZE B & Potential evapotranspiration -0.36* -0.16 -0.29* -0.21 13.13
IH— LA NDVI -0.51° 0.29 -0.49° 0.34 86.87
SCRAQ;%}R§§+$#£1£}: ek Slope change ratio of accumulative quantity method ; * IR P<0.05; # % 78 P<0.01
3 i

3.1 IR A EI DT I
LT SO AR i BOREFI 9 Bl s AT B A T 4381, 25 B HYSEP 1Y 3 FhoJ7 & PR S i 4 S = ot
MRS S HIE R AR 3 I B . X B HYSEP 7RI T AW R (AR 2) TS 3 i 3
FWR KIS 8] N, IE T 5 SRS . SR, X406 6 AN 1 1 B AL (A) 12 TR e 4 % e S A
PSR SRR A2, DR Y Sl Bl S AR, IV IS bl Al o RIS 3 VA A I B R T A ot
i 2N FEA I s e OB DR 4 N Al T HE T BB EOR R 3R 0 TC I SR B GERE 2 ok, 1F
SIS R ERE . AL TS B VR, SERR I G0 T SR B LA XV . SR, 3 Bl HYSEP J5
TS 20 A JE 0 RE R 2 B LU TR K R 0 RIS A | 5 H A R/ A0 30 35k 7 B B ke R 5 40 i AR 1k
R, 35 SEBRAE BT FE A HE SR i R — 350 X OB I FE A FI 45 A B, Eckhardt J7ik
13BN L R AR AR B BN | BB RS A AR AR WA S AR Ak, SR, AHOCHF 98 R BH R4S Eckhardt 771 1] LA
ARG A IR TR L RE RSS2 n] 58 B9 JEFAA , (X A X S50 BRI, B Uk, 4N, Xie 5 1EA% 38
ST ER R 45 02301990 Gt B i AR fR I & 38, T S ek 00 0 3 A8 U B AR VT IR 52 30 1 BFL,, S 801K
Al , AR T Eckhardt 7 ¥E AR VB Rl /K S 38 10 S A I 8, 9 3R /KGR AE 1 380 ol 3 3o

http ; //www.ecologica.cn



11304 xR 44 %

KEEHAE S BT MRC 185 B%0 o f AL ] i dek T #8180 2% 12 A3t T ACRM 28 RRAE X A2 0 i s i 20 A
Tt — ST BFL, WAk, IR, it — 2B 5 Eckhardt 77 35 AU TERE , AR WFF8 X348 F Eckhardt 7792219
I BFL HEFAE L T45 438 /K th£6 MRC AliiH59 o A1 BFL A PR 9243 0380 ] 355 37 A0 A5 2% e EA T 3 PA LA
i€ Eckhardt XS BRI L MR AESEUE ., 45 FK W, MRC J7rikit5 BFL, (E°8 0.78, #HXF T #RIA
BFL,, ZHUA , K HEG Eckhardt 77 iPERETS 2] T W48 M . R NSE Hl KGE 4351 )\ 0.87.,0.78 F10.82 #&5 £
0.93.0.81 1 0.84( &l 3,38 1) , B HEST 1Y Eckhardt 77 75 X8 AT 58370 431 A0 R 1 AR ] 1k Y gl ol 38
3.2 TR I AR R A BIR Bl R i b

AR AR B K S S K SO BRI AR MK B U AR Y EE AR B [ R, IPCC AR6 F5 i, H 20 et
WIS AE AL B A T 2 ROKESA A, Horp ) Bk I 3h D 52 KT 7K B AT AR S BUEE B i
FIZEHCR BN, S BRK GRS & (0 EB L &, JF XK 2 T8 R AE 2S R G Rt p™ R gy ), 1Al
S Ml A R B R SR AR AR T RE R X, 2 AR K U M, X ORI B AR K R e A S R e E G
B, WFSER L, 20 4D 60 ARARLAR B i 2 00 e D S (B AL A -0.22 mm/a, P<0.01) 33X 5 B |
A0 BC) TR 3 30 370 S 0F 9% 465 SR — 350240 e 8 b 0 T O i 0 i S R, SRR A
73.13%—86.87%, 120 90 4-AX, B IR ALK (L) FIRTH XS YR IA B A AR 28 TRE A AR ZK S, 0 A 1
R PR A AR sk T AR IR 4 R — B, R A S A IR E TR AR T
TSR Bl 7 T R RN A A A A [ B 0 0o 2 4 P A K A B RE K R A3 I 1999 & 2009 4F:
T AR B 28 B R B AR T 1961 & 1999 4F (444.09 mm) 32 TF 1 7.029%"0 Ak R ThI FHUR 58 A 45 U S8 b 3
P A T KRN Y SRR A SR AT & B DK A B A et 1 - AL R R B
AR B R R BE T A% v 3 K S M, DT 2 i M 3 7 A o DA R S R AR A, — T, R
PR I B e A B A | B K RE NS By A s kb 25 1 K T BRI AR S R B SR 9 0.69 T
B2 0.47 , AR MRS E ; U3 —J7 T, MR 52 35008 1 87K 40 AN #E | B KO0 b T 7K R 45 520870, PET
RBET KA ZE RG], B AE 28 UK e 0 s, oK SR ) T 28 OR IR e . Rl s, Lk R it
B, R AR IR NDVI 360 5 308 HRE 7 &35 1 0 | Rt A it e H A R AR A TSRO ot — 25 R A Sk K
PUR R K, AR K A S T8 FAME R 3K 4, T S0l 3t B /K SR AN s b T R B, [
JKFD PET X 8190] 56 75 20 59 5Tk 20 9 K 2.63%—16.42% Fl 13.13%—43.28% . A% T 1 0] Ui 38 ¥4 K 8% 3
(0.42 mm/a,P=0.55) , 2% - 7H# PET(1.83 mm/a,P<0.01) REME B R ARFE 50 A K A8 i 7E A 24 JE 0 F
RWR Z [ B4 Be , B A2 Akt PET AR (LT A 808, BRI, DR A /K BE IR E B RN PR 7K 22 4 DU A A= 28 5%
it FL T AR B A ST I R K S T T I T Pk I

4 g

(1) &5 G IR K M EAHE S S 2L Eckhardt 3 73 1) 7 A5 50K B2 38855 (R \NSE 1 KGE 7351124 0.93
0.817110.84) , H AL BRL L AT A T B3t SEPRAR PR R, PRI o 38 AR i 3 63t 43 1

(2) AF L L T A% A 3 H-0.22 mm/a(P<0.05) , T NDVI Fl BFL U 5 81 3 |- i
#(P<0.001) , - HIELF A NDVI EI7E 1999 4F % RAF

(3) AR TR 2 S B K B B o R ZE B B 3, D) M R /K R IR AN S T b, R S O
FZWO N FRHE, TTEREIA 73.13%—86.87% ., [, Fi w1 52 308 3 A2 39 A 7K A 38 TRk /o P i A28 A 75 35 7
AT AR . KK A PET X 58 3 06k 2 1 53 8k 53 501 8 2.63%—16.42% F1 13.13%—43.28% ., 3% L F+HY
PET(P<0.01) P T BE/K AB fAEAMA SE TR MZEHUL 2Z (B9 43 BC , PR AR fe Xt PET 284k 5 R fUsk
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