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Abstract; Baseflow plays an important role in sustaining streamflow in the Yellow River watershed. Most of the recent
researches have focused on the runoff variations in the Yellow River watershed, however, only a few studies investigated the
variations of baseflow which are important to maintain the basic flow and ecological environment security. In this study, the
Yanwachuan watershed was selected as the study area in the middle reaches of the Yellow River. Based on the hydrological
meteorological and NDVI ( Normalized Difference Vegetation Index) data from 1981 to 2016 in the Yanwachuan watershed ,
nine numerical simulation methods were selected to separate the baseflow and were compared to analyze their applicability in
the study area. The Mann-Kendall trend test and sliding t—test were then used to identify the changing trends and mutation

points of the baseflow. Furthermore, the impacts of climate change and vegetation change on the baseflow were also
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qualitatively and quantitatively discussed. The results of this study can be drawn as follows; (1) Lyne-Hollick filtering
method had higher accuracy than other separating methods, and its separating results were very consistent with the actual
variations of daily baseflow. Thus, it was indicated that the Lyne-Hollick filtering method was more suitable for the baseflow
estimation in the Yanwachuan watershed. (2) The average annual baseflow and baseflow index (the ratio of baseflow to
runoff) of the Yanwachuan watershed were 0.152 m’/s and 0.58, respectively. According to the results of the M-K
statistical test and sliding ¢t—test, the annual baseflow and baseflow index were both significantly declined from 1981 to 2016
and their mutation points occurred in 1993 and 2006, respectively. (3) The correlation between baseflow and potential
evapotranspiration was the strongest, while the correlation between baseflow index and the NDVI was the strongest and
negative. The contribution rates of precipitation variation, potential evapotranspiration variation, and NDVI change to the
decrease of baseflow were =99.1%, 113.3% and 85.8%, respectively, while the corresponding contribution rates to the
reduction of baseflow index were 41.3%, —27.7% and 86.5%, respectively. It was clear that potential evapotranspiration
variation and NDVI change were the main factors causing the decrease of baseflow, while the influence of NDVI change

played a key role on baseflow index reduction.
Key Words:; baseflow; numerical simulation method; driving factor; vegetation change; climate change
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Fig.2 Baseflow hydrographs estimated with the 9 baseflow separating methods
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Fig.4 Variation of annual streamflow and annual baseflow in the Yanwachuan watershed from 1981 to 2016
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Table 2 Trend analysis and mutation test results of annual precipitation, E7 and NDVI in the Yanwachuan watershed

B 2 LR M-K ZEH 8 MoK test B K ¢ test
Impact factor Annual average value it Statistics ZEAFAEAS Mutation point ZEAFAEAS Mutation point
[%7K & Precipitation/mm 535.8 0.245 — —
EAEZTUR B ET)/mm 1172.1 3132+ 1092 45 * 1994 48 *

NDVI 0.535 6.075** 2004 4 2003 LB

* TR P<0.05; s * R P<0.01 ,*ﬁ%**@(ﬂ“?ﬂ%ﬁiﬁz{ﬁ,NDVl 9 —AbAE #% F5 50 Normalized difference vegetation index

N T AR R = AR R AR R, A S A Spearman A AR 35 X4 =74 5 R it i A O 4
BOAATRRNE T, 45 2R UL 3, MR Spearman FHOCMITAER , B0 5 = ¥ W Ao, Horp W R 28 Uk
AR (R = -0.510) , XU WP 1 2 HIUA IV 1220 22 M) Rk e T 80 ) PR 3R, 3k o DR 7 ) 2R A2 447
SIS BUR B AR — BUX — i _LAR B T 56k ; B0 -5 KA NDVI R A5 (P<0.05) , A I
SRk i B IEARSC, M5 NDVI A ARG, X R W] 1T i B K i (9 b T 34y S92 25 (1 B 3 i A5 B 184 0, Tt
NDVI Y - THE S ESLR A Frsid . 5350, 76 3 D R2md R v, NDVI 5 R 1 B AH G M i g, Bk
SRR Z (B R RO IE R | MR 28 UK 5 B R B A SCPEAR 58 , #HOC R BN 0.079,

%3 URJIIFREERSEEHNEZEER Spearman HHX DL R

Table 3 Spearman correlation analysis between baseflow and main influencing factors in the Yanwachuan watershed

ek BRI ot
nx Precipitation Potential evapotranspiration
%R MR xR

Factor TE= 3 e

Correlation X JL%_ P Correlation . JL%_ E Correlation . Jéé_ P
.. Significance . Significance . Significance

coefficient coefficient coefficient

FEii i Baseflow 0.366 * -0.510 ok -0.391 #

AR H BFT -0.387 # 0.079 NS -0.432 ok

NSO ER B, « £5% P<0.05; ** 5% P<0.01
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Table 4 The contribution rates to the variations of baseflow and baseflow index in the Yanwachuan watershed
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[k P ET, N R”/Sig [ K P ET, NDV R”/Sig
[a] 9 %% Regression coefficient 0.321 -0.367 -0.278 0.446 ** -0.198 0.133 -0.420 0.241°*
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