55 43 55 8 I S & 7 i Vol.43,No.8
2023 4F- 4 H ACTA ECOLOGICA SINICA Apr.,2023

DOI: 10.5846/stxb202012103146

BEWL, SRR, 15, SN, ViR, AREAR, U, B, SRS T 70 AR AN [ SR FIAR S 2 DK YRR T8 AR KRG A R S e A
AR ,2023,43(8) :3247-3260.

Xue F, Chao Z L, He L, Yi HJ, Xu X M, Zou Y D, He J, Lii D, Zhang X P.Hydrologic and sediment responses to ecological restoration in different
geomorphological and vegetation type areas in past 70 years.Acta Ecologica Sinica,2023,43(8) :3247-3260.

70 EFRXAEMRMBEREXRKDIFLEETRE
X & 75 Pk £ 89 Mg [z

1 ) =1 B 30 1 1 | o3
B W', RER T X', HEX, FIR gRR, K OF, 8 R,
KR
1 PYALR MR K, K IR, # R R il 5 Rl [ R S SR, R 712100
2 BRVEE K SOK IR R , 7622 710068
3 EEEBEHE K LR S SIS L, Bk 712100

A

FEE W i FUK L G BB HF AR () A SR 1, o A [ e 28 T8 X A3 B T K P ad R 177 2k T IR Z i 5%
Wi, PASG T A B, T 1952—2019 4 SE I /K SCEE , SR K SCERE R, 3o B A AT 17 L Hf U S A [ b S R g 2R A8 X
ARG X KB FRTEVEY 2 R R STk A s KOs R, SR EIR (1) & b R IR ES R R IE S B 30,2321
mm, PR 0.6,0.05,-0.02 12 v, HIFAE g i o IS OK B 51% , LIRS U G A B Y 90% LA 1, (2) I
o IR AR B I8 2 R -0.28 . ~0.16 . —0.43 mm/a; IRV RLL 0.02 42 va SR BERRA, T v
AR, (3) L b R ENE MR AN, 5 20 4l 60 4R EL 21 tHE4E 10 AR KT & (Q,) 43 Bl
T 63% .45% 60% , Ui H i ( Qus ) BEIN T 68% , Hrii7 20 22 80 ARG AR IIFF LG ™=, (4) 5 20 42 60 454K L, I+,
ORI 21 D 10 ARSI Sk eI B s B BT A R 94.7% \26.7% (60.7% , T X 7 Vb B /D B SRR KT 85%
EE el R 9 AR (EVAEROY V=R -y NG w1 o Ao NE S L) e b I W U 11 B W a1 I 3 S = I b
SRR T R R AT AR AR SR E RN T, R AR E R R R RS L, £
TS KPR AR RN AR R T D REAR B, AN SZ AR A 2 A B S ), R P DI B 5 B B KN, T
SERARTE R R A A KSR R B

SRR K IDAFAE s A KR 5 7K L RS 5 A7) b 350 R e S 80 X by )

Hydrologic and sediment responses to ecological restoration in different

geomorphological and vegetation type areas in past 70 years

XUE Fan', CHAO Zhilong’, HE Liang', Yl Haijie’, XU Xiaoming', ZOU Yadong', HE Jie', LU Du’,
ZHANG Xiaoping'*

1 State Key Laboratory of Soil Erosion and Dry Land Farming on the Loess Plateaw, Northwest A&F University, Yangling 712100, China

2 The Survey Bureau of Hydrology and Water Resources of Shaanxi Province, Xi'an 710068, China

3 State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateauw , Institute of Soil and Water Conservation, Chinese Academy of Sciences and

Ministry of Education, Yangling 712100, China

Abstract: The purpose of this study was to reveal the effects of ecological environment construction such as soil and water

conservation and the Grain for Green Program on hydrological processes in different vegetation type areas on the Loess

ELWE : HEARPERETH (41877083, 41440012, 41230852)
7% B 83 :2020- 12- 10; W) 45 i R E 7 :2022- 12-22
# WIRAE# Corresponding author. E-mail ; zhangxp@ ms.iswc.ac.cn

http ://www.ecologica.cn



3248 xR 43 4

Plateau. This work took the Beiluo River Basin as an example to investigate the hydrological responses and the variety in the
regions with various landforms and vegetation zones in the basin. The results showed that: (1) the average annual
streamflow depth in the upper, middle, and lower reaches was 30, 23, and 21 mm, respectively, while the correspondingly
average annual sediment was 60, 5, and —2 million tons from 1952 to 2019. The average annual streamflow volume of the
middle reaches accounted for 51% of the total volume in the whole basin. However, the average annual sediment delivery in
the upper reaches accounted for over 90% of the total sediment in the basin. (2) All the streamflow depths in the three
regions showed a significantly decreasing trend with the changing rates of —0.28, —0.16 and —0.43 mm/a in past 70 years,
respectively. While the sediment delivery of the upper reaches demonstrated a significant downward trend at a rate of 2
million t/a, and in the middle and lower reaches it was only a slight reduction. (3) The function of runoff regulation was
more and more enhanced with the time. Compared with 1960s, the high flow (Q,) decreased by 63%, 45% and 60% in
the 2010s, respectively, in the three regions. While the low flow (Q,;) increased by 68% in the upper reaches, and in the
middle reaches it began to increase in 1980s. (4) Compared with 1960s, human activities contributed the reduction of
streamflow by 94.7% , 26.7% , and 60.7% in 2010s, respectively, which dominated the reduction of sediment delivery of
over 85% in the three regions. The results suggest that in the upper reaches with low vegetation cover but high speedy
conservation measures, human activities dominated the significant reduction of streamflow and sediment, with runoff highly
regulated and soil erosion more and more concentrated in several rainstorms. In the middle reaches, which had high
vegetation cover but low speedy conservation measures, climate change dominated the hydrology with the runoff evidently
decreased and slightly regulated. It implied that the responses of streamflow and sediment not only controlled by vegetation
cover but also the restoration speed. It was expected to be helpful in understanding the ecohydrological processes in the

Loess Plateau.

Key Words: characteristics of streamflow and sediment; ecological restoration; Soil and Water Conservation; different

landforms and vegetation type areas; Beiluo River Basin
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Table 1 General Situation of Nature and hydrology of hydrological station in Basin
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(Jiaokouhe-Zhuangtou ) HiSF-JR X

e B B 3 P 5 KU R 2, R ML kS 5538 T s A T B 2 (L P /K SO 91 K i 5 X0 50—, U g
K SCHCR 9K 1 52 11— 5

H 20 T2 50 SRR, FE SR K AR 25 61 B, ANsd AR s B it sy RIS T, 1999 45 SCHEAT IR
AR (H) TARREOR , QeI 12 550, 3 70 AEIbyginl I v R IEA Ik it i AR o L% 2.

2 HiERERZE

2.1 HdEkiE S ab

AW AE T AU BRI 3 K SCah Al & 2019 ARSI H AR B AR VD Gngk 1 Fios, TRl e 4
AU I AT AR T L B SR 15 AR %l (TR 1) 1957—2018 4F H [ GREE SR XUGH PV S N B 2 08 k)
7% T8 — IR 4 KR 7K AR B0 2 7K 112 e 5 v 4 H 04 8 25 I R R AR 2 B
MR )1, Fl Penman-Monteith 2328 (528 2030 P A3k S 2880k it il Kriging 7 (8 (70 LA {95 ) 345
DL Sl TR 3 T S T A R AR ok ) R TR 2 AR e AR b IS R DX D R T A R A R Rk T M R IR R

IR S A U5 T BT i K SO SR SCARSE T i TR U KGR | AR SRR R R YR
G mALE Rl K SO MR G BAE A BT A g, MRS s B R A 6 AESR TR A A R
STRITE K SCBUE , SCEE AR R AP B 1970—1979 4 Bl 20 42 70 4EAR, 5 R, A SCIEE
1970s , MRULZEHE, 20 tH2g 50 4EAR 20 22 60 4248 20 T2 70 4E48 20 42 80 4F4K 20 4D 90 4FEAR 21
22 00 448,21 22 10 £ I AE 19505 ,1960s ,1970s . 1980s ,1990s ,2000s 2010s, ( H1 T F3i#F1hiiE 1950s

http ; //www.ecologica.cn



3250 £ ¥ M 43 %5

MK SCECHE HAEIB I3 1958 4F T 1958 F 1959 4F 1)
B AR 22 19508 B0 K6 AR B, DR IO 1 355 A0 i
1958 1 1959 4% iy ¥4l & JF 2] 1960s 1T HF5Y; T i .
19505 {5 1950 F1 1951 AEROBCHE) . HIFRFIFIOATL . & &
SR, IR 1K SO AR A 3 25 11 48, 2%
TRIK LA P00 9k — A S i S A
0 4bFH,
2.2 BRERKE

Mann-Kendall A6 3672 ( 2 -1 #8815 B A4 4 8 e
BT 2 R Tk S0 TR — e 2B 5 2 Koo
Mo MIEHSLGEHR S (X F 9 8 i 3 s
TR, SRR I K n>10, GeiH 1 S KU SR
A R B s (R Ry T sy | ORI i
SRR (2 P) AEREMBGAT o F o aowm )
ZI< Z, o, AT LA KBTS HTAI EL 9 S A 5 299 m
U AEE A LR, FOh Z IO MR B 08 109° No°E

TEAGER RN Z AARIE S o RS LT Bl i SRR TRk

Ha, RHI Sen FIF B FANIKSCE R R P9 1 A2 Ak Fig.1 The geographic location of the Beiluo River Basin,
ﬁzﬁ o ui%ﬂ‘% S \ﬁ%ﬁ:&% 7](%2 A %ﬂ P i‘l‘ﬁﬁ%ﬁé meteorological stations and mainstream hydrological stations
B3R

R2 FUSEHEK L REFEERRERE

Table 2 Area of soil and water conservation measures of Beiluo River Basin in the period

L3 Upstream

ize{i & B Afforestation FPHE Pasture A FH Terraced Wl Dams

A AR A AR A AR A AR
1959 0.56 0.77 0.01 0.02 0.03 0.04 0.01 0.01
1969 1.78 2.43 0.14 0.19 0.38 0.52 0.11 0.15
1979 3.09 4.22 0.39 0.53 0.92 1.26 0.21 0.29
1989 5.96 8.14 1.81 2.47 1.45 1.98 0.21 0.29
1996 9.05 12.35 2.89 3.95 2.19 2.99 0.21 0.29
2006 16.22 22.14 7.37 10.06 2.84 3.88- -0.21 0.29
g F1 Midstream
Ye; &M Afforestation FhEL Pasture # H1 Terraced Wi Dams

A AR A AR A AR A AR
1959 0.55 0.01 0.00 0.00 0.02 0.00 0.01 0.00
1969 1.73 0.02 0.05 0.001 0.31 0.003 0.18 0.002
1979 2.99 0.03 0.14 0.001 0.92 0.01 0.20 0.002
1989 5.77 0.06 0.65 0.007 1.23 0.01 0.20 0.002
1996 8.75 0.09 1.02 0.01 1.85 0.02 0.20 0.002
2006 15.69 0.16 2.58 0.03 2.38 0.02 0.20 0.002
E - : _ % Downstream : _
Year &R Afforestation FPHE Pasture # H Terraced Wi Dams

A AR A AR A AR A AR
1959 0.01 0.00 0.01 0.00 0.03 0.00 0.01 0.00
1969 0.09 0.001 0.02 0.0002 0.11 0.001 0.07 0.001
1979 0.15 0.002 0.02 0.0002 0.11 0.001 0.02 0.0003
1989 0.29 0.003 0.03 0.0004 0.40 0.005 0.02 0.0003
1996 12.46 0.15 0.57 0.01 8.20 0.10 0.02 0.0003
2006 22.36 0.26 1.44 0.02 10.63 0.13 0.02 0.0003

AL TR Area/J7 hm? AR F5E 10 B (5 X 0] T B 40 HE Area ratio/ % ; WU AR b 3042 70 BT HE A A T AR
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Fig.2 Annual variation trend of runoff depth and sediment yield modulus in the regions of the main stream of Beiluo River Basin
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