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Fig.1 ~Sketch of geographical location of study area

2 BIRERE

2.1 BIEKIR

K FH BT ZK R 2 022 R K K AR L R Bl 5
NI 5 8 /N 1982—2020 4F38 H BF R . AR
AR BRI E . b, PR BRI N A R S
AN ST B, AR ANE VD B BRIk A A B
AKSCEEME CE 1) o b s A A ROBEFNAE ROBE %
M R fbEdE, WO e B RBERZE A . E4m
FIERT

AT BT B R RKIDRFAE, 3 TS R AR FE b -

1) BEWAHESEAR: BN E (P, mm) ; RUPEREN
(P, mm) , RIHBENEA/DNT 12 mm RN



% 8 1

B BREE: 2N IA) RUBEANAUAR Tt b ot A /28 A R PR A A i 157
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-2.97; 2005 ‘E2 5, BT R AR AR RN, itk
Wi [ ERAETRRE, BEnN BRI I B S &M
A4k (P>0.05) .

+ 1 F 267 Land use type
[ #ttthCropland M HH:iForest land
|:| B i Grass land [ ElﬁﬁﬁiﬂlConstmctlon land

2.2015

¢. 2005 £2010 h. 2020
B2 & AR AR 5 A e it iR IE AL
Fig.2 Temporal evolution of land use distribution in Lyuergou
Watershed

=1 1985—2020 F 8 2 L ith FI A B AR YA 8] 22 1L
Table 1 Temporal changes of area for land use type in
Lyuergou Watershed during 1985-2020

hm?

MR R2EAY 1985 1990 1995 2000 2005 2010 2015 2020
Land use type

#FHh Crop land  855.16 646.00 678.18 485.52 461.09 456.44 449.51 432.46
b Forest land 277.36 535.03 432.09 440.57 445.13 446.59 449.60 455.80
il Grass land  58.81 9.39  79.69 263.51 282.20 285.39 287.39 292.41

R
Construction 9.66 10.58 11.03 11.40 12.58 12.58 14.50 20.33

land

2L |a

4L

i PE 45 51 Index of connectivity
[T

6L

1985 1990 1995 2000 2005 2010 2015 2020
FA Year

E: ARFERRAREREZ AR EEZER (P<0.05) .

Note: Different letters represent significant differences of mean among different

years at 0.05 level.
]% 3 \:——/tJ /;luikz:];]#'&'\éﬁ /Ea Iik_ i%s&%\x’f&

Fig.3 Variation of index of connectivity among different years in
Lyuergou Watershed

N

118 1. Value km

w7 High : 0.74
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i . g.2015 h. 2020
B 4 1985—2020 F B = AR F) 4t o) ik i@ M 48 5%
(o) 5

Fig.4 Distribution of index of connectivity (/) among different
years in Lyuergou Watershed during 1985-2020
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YRR 19822020 FSERRIE AR IR R bR
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Rt T R B A AR AR P RS 520 950.1 1 610.1 mm, 3
RAAE 2003 4F; SRR 800 mm AIEE(R ik Bk
500 mm [FEEAy, BIRHE 2a, HEBEANGIHTFHLBEL 5%.
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a. Rainfall amount (P,)
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L 1
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b, ARIRIR (D P (Ssy)
b. Runoff depth (#) and sediment yield (Ssy)

:;f lgR: —a—lgC, —a—1I, -9
'vE 0 6
E -1 A A A A A A 3 h
) A -
E:;)_S 1 1L 1 1 1 1 1 1
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c. BB (R « PP RE (C) M e
c. Runoff coefficient (Rc), sediment coefficient (CS) and /¢
B 5 1982—2020 5 & A ARMGRE. KV EEMRDER
NEXEE S
Fig.5 Rainfall, runoff and sediment parameters, and /. from 1982
to 2020 in Lyuergou Watershed
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HE S il S FERRIENT 1.1~135.3 mm,
SPYMEN 23.7 mm; SERRAERL M (23.7 mm) Al
100 mm FIEEG 2> B4 14 A1 2 a, AR 5 A Gt 71 i
EH 36%M 5%; EEFR/NT 10 mm FEG IS
18a, dPEAG T EELIN 46%. FERRAENT
0.24%~16.87%, PN 3.44%, RIRBEKT 5%HE
A 5a, HENGFISESR 13%.

TS AR = YRR de/IMEL AR B KA 70 79 14.6 il
11 230.8 t/km®, 4EP=PHEGHETE 5 000 tkm® (AR 1l &%
LB PYRISEME 4 a, HBEANGHHFISERT 10.3%,
ST 4 a UMW E. SRR ALE I, 50
1982—2020 £F LIk P WY A2 T A 77 0 6 B 110 14.3%+39.8%
il 44.4%. SAEFDREANT 0.03~14.00 ¢/(km’ mm),
FHMEN 2.46 t/(km*mm), FEYPRFKT 5 t/(km*mm)
FIERUE 8a, diEANGHFFRER 21%.

MBERRIR. BRAT. PP BER = K500
B NAESS R AETE 1984 4F, T/ MA R AELE 2015 4F,
A TN AR R RE 0k 1.3 110 1.4 f1 1.3, 1
R TERENE (0.2) FUERMEERNE (0.3) 1B
RE, RIS bRoK I IOk B Sh AR B B T B, A
—EFEPE F R BRI AM AR R 2 Cln R R

7 000f

£ 6.000f
S 50000
5 4 000}
D~

—
f=3
(=]

12 Runoff depth/mm
(=)
(=]

(=}

\Y [ Il 1 v

LCP
a. IR
a. Runoff depth
“I7 L “TI .

LCP

b. IR
b. Sediment yield
b TR BN

i

“IV” oy BIFE I 1982—1985 4R/ “ LA /B g R

B 55D X FC I P IR IR VD AR A I R
3.2.2 ABIF R LF) R | BARAE By 64 0 L

B YRR AR B AR R AR R B BE - R
B AR AW, BAH AR R E 2R (P<0.05)
(F6) o B Bt R H/Eg 1. 1. 1.
IV (PSR R AR I R B 53 0N 68.5+ 38.4. 10.8.
17.5 mm 1 9.2%. 5.8%- 2.0%- 2.4%. % 1982—1985
SRR HOR PR R T, F 1986—2020 4 [a] ft - i F)
/B RTINS AE R RIR 7 PR 84.2%
1 74.5%, TR RIS EK 78.1%F1 73.9%, i+
R FH /R R T AT N R IR AR IR R0 (8] 9F &
ZMEER (P>0.05) (FH6) .

B VAR R A R/ B ASR T . I T, IV
THIEL P2V HIA 4 448.8. 2233.2, 819.4 F
1421.0 t/km?, EFRP2V0 RE N 5.9, 3.4, 1.7 F
1.9 t/(km* mm), A% 1982—1985 4F [+ HiF| FH /78 1
FeJm 1, #F 1986—2020 4 [a] fy 4= A Fl /7 g =y 11
AV R, AR P2 VAo I PG 49.8% 81.6% 11
68.1%, XY= RZE 5 N FEAR 41.4% 71.6%F11 66.8%,
RS ) =t R /78 B A R 2 18] 3 T B 3 M E R
(P>0.05) .

Sup
Sof

—
S 0 O

7= 280 Sediment
coefficient/(t-km2-mm™)
35} £

=

Il 111 I\ I II 111 IV
LCP LCP
c. BRMAK d. Y RH
¢. Runoff coefficient d. Sediment coefficient

1986—1990 4F(1) “ LR /B k& /117« 1991—2000 4F(1 “ L

1

S It Z B Runoff coeffic
O N BN O

MR ARSI 2001—2020 £F1¢ “ L3RI/ %RV 7 IR AN [3) 5 BEACR AN [ L ) FH A AR J=) 2 T AR S 22 3 (P<0.05)
Note: “I”, “II”, “IlI” and “IV” represent “land use/cover pattern” during 1982-1985, “land use/cover pattern II” during 1986-1990, “land use/cover pattern” during
1991-2000 and “land use/cover pattern” during 2001-2020; Different letters represent significant differences between different land use/cover patterns at 0.05 level.

6 & ARERF LA R/ B WA R T 695 IR K AR AT AL

Fig.6

3.2.3 RIREFREH I HEBMISIHG (AR

B VAR B P VD AR EIURI B RN FE BR B 9% 4 A 45
KW (K2, KZHIENTEIRE S FE =Y 2 AR
B IEAR DG, A A S A U (1) BT I 4 A A2 S B T
= (P) , HEAMWIERS = B R A It 5

R, et AE 2 [m] 9 8 7 5 98 A AR = P A
BEEFRNENTERXR, RWERDEEEFEHFN
1 R U AR BRI R I R 439 0.67 F110.69.

YT AKX b FH /78 A R A7 A B R AR AL
WL, HSZFER R, BORH Lo RAEGIE R 72 3
MRk, HEEENTRSR, WERREEYS I BN
IR R IS ERV R R R H NN E, @
BHEZEME R A8 T B VAT BRI L (Ssy) 5 Ies
TEREN RIS ER KR

SSY =79x IO'QPrS'ZéeZ‘SOIC

(R*=0.88) 4

Interannual variation of runoff and sediment parameters among different land use/cover patterns (LCP) in Lyuergou Watershed

Fz2 FFIPIREFIPETIEAREY Pearson HHEX 4T
Table 2 Pearson correlation analysis between annual sediment
yield and their rainfall parameters

R R bR

Rainfall P, Py P, Ssy PPy PPy, PpnPy

parameter
P, — 0.970™ 0.629™" 0.698"" 0.980"" 0.828"" 0.841""
Pi 0970  —  0.667"" 0.641"" 0.981"" 0.841"" 0.874""
P, 0629 0.667"° —  0.414” 0.620™" 0946 0.925™"
Ssy  0.6987 0.6417" 04147  — 0699 0.568"" 0.568""
PP, 098077 09817 0.620 0.699"" —  0.8277" 0.856
PP, 0828 0841 0946 0568 0827 — 0993
PP, 084177 0.874™" 0925 0568 0.856"" 09937 —

VTR BIREER T 0,05, 0.01 A1 0.001 AKTHIRFRL: Po A
R R, P, TR H PR

Note: *, “and ™" represent significant level at P<0.05, P<0.01 and P<0.001; P,
means annual erosive rainfall amount, P, means annual largest daily rainfall
amount.
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Table 3  Statistical characteristics for different monthly rainfall
types in the flood season (July-October)
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S, — % NN a5 AZIEEI‘E‘ ¥
xm KRR AMEE BWE A%
. Monthly ~ Maximal Days of
Type Rainfall parameter . K
rainfall/mm  daily  monthly
rainfall/mm erosive
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A briEZE 12.8 5.9 0.7
AR 58
M 78.3 25.8 2.2
B i 14 9 0.9
LI/ 58
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C NG 23.6 16.9 12
AR 38
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D PrE2E 5.9 27.6 1.7
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Fig.7 Monthly variation of runoft and sediment parameters in flood season among different LCP in Lyuergou Watershed
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K E A WIS 2 PP,

E ) P B 52 A I e s 71| = 7. W e YA = e
WA H bR (Ssy) 5 P, P, A PP, 55 H &
WIEPR SR G E B R R, 45 R R A br= b B
(Ssy) 55 P, P, F1 PP, A P& AR bR B FE R 900N
0.36. 0.38 1 0.34, MU Ssy 5 P.Fl P, WABFRIIZ T
[E 9582 R* N 0.34,

R4 MEAR ISR ANPE IS ARAAE X A
Table 4 Correlation analysis between monthly sediment yield in
flood season and their rainfall parameters

R W F b
Rainfall P, Py P, Nip Ssy PPy, PP, PpP,
parameter
P, — 0.966" 0.789" 0.892"" 0.598" 0.915" 0.883"" 0.875""
P 0966 — 0.81477 09207 0.593"™ 0.9277 0.8817" 0.900"
P, 0789 08147  — 0596 0.613" 0.705" 0.908"" 0.893""
N 0.892" 09207 0596 —  0.445™ 0.802" 0.669" 0.690"
Ssy  0.598™ 0.59377 0.6137 0.445™"  —  0.585"" 0.669"" 0.668""
PP, 0915709277 0705 0.802"" 0.585"" — 0.896"" 0.916"™"
PP, 0.8837 0.88177 0.908" 0.669" 0.669" 0.896"" —  0.992""
PP, 0.8757 0.900™" 0.8937" 0.690”" 0.668™" 0.916" 0.992"" —

c. 1R AR

c. Runoff coefficient

d. PR
d. Sediment coefficient
B8 & ZARBRARE EE A K@i L) R/ B A B T 69 RH A K AR 88 AR A
Fig.8 Monthly variation of runoff and sediment parameters in flood season among different monthly rainfall types and land use/cover
patterns in Lyuergou Watershed

LTI F bR o 5 ) B FE A E ok R T
ANEAE, BT R 2 R A SR R S
DR AT 5 /NI 30 RBE 7= Y AR 0% 22 % v 114 o o A
P, PRI PP, R T /NI A R F= IR (Ssy)
5 BERARIAA Ic KIZ U B &R, FPREH, /Mt
T RE DB (Ssy) 5HBRKHBERE (P,) .
HBEME (P REWEBERE (o) MZIRERR
RO B A

Sy =28372P'"2P Ple* (R?=0.59)  (5)

5 (5 AL, NRETI A R B (Ssy)
5 P, Rl Iov PRI Iow PP, A1 I L2 ERAM R 5
A9 0.54. 0.47 F10.59, RORMXEZE . B (5) AL
A, ANRIBA RS R 5Ok H A R E
AERFREUBIE R, 5 1052 RIFIBEOEI K R,

AR AT e 0, B R /NRISR I A bR R s
R FH /R R D6 R A2 TR R 2R, DR AR XA
FIREAY, RAHAELRPERNA 04T, 40l i 1 i s A
Brr=ib g (Sey) HEHRAHMWE (P,) « AW
(P FedE@E MRS (o) MEGEEEERR.

A BIBERR: Sg, =22x10° P> P "5t (R*=0.62) (6)
B MFERN: Sy, =6.5x10°P'*P > (R*=0.98) (7)
C RI%R: Sy, =5.6P>F P e (R*=0.45) (8)
= (6) ~30 (8) Fr, XF A BAI B BUFFN,
T A bR 85 A s K H e &, A PR & &



162 LN T2 (http://www.tcsae.org)

VIR R R R, RO, TIAE C BUBEI,
KAHARHA, RMY 0.45; B4, C BIBEN T I &%
(3.95) tHiE/hF A % (6.29) Al B BIFER (9.15) , #
B C BURRRN NI A BRr=vbst I AR N AR /N T A
BRI B BIPERN .

DA 2SR U0, 1o BRBUT S ikt bR F 78 A% R
ANFRIEAR B Fg e, A T B AS AS [R] R /7
ek R /N RSR T v ARA . FERE Lo 3K, /NI
SRR N bR b ) 2R HOE G, R H 5% A B FE
FEsZz B . UHAAFNARE, AERWNET, A/~
Wi EEW . Ic WRRZERRK, MEHBEWELLR
DRSO, YV MRS H bR v R R e Ok
FIHES, I/ R R ARl b 5 e B AT
4 ¥

BT JAt a3 E R A AR E . BB IR
B 25 40 RAEVEE G BRAS B SEEAH R R D, DR T
HRTH] S5 11 50 R A g AR A A 1 A = 1 - bR /7
WeARAL e . BARM S, 20 g 80 SEMAIW, & IR
W) R DO 344, fERE 20 2D 80 AR I
FFUG S A YD H A K IR RSB VR EL, MREHRTH
FRTREE S 0, M0 /728 Bl A =) R AR e B AR 4k, LA 2000
T EEEE TR, BANRAEFET, JU A gy
AR R MR E (B 2) o R
T U R A S D AN S T e JE A AR N, R R T BT
DA AR R AR HE B 32 mpt ki 5 07 b T H B S X
WKL, & TR AR 7.
PR ET RS, M BEWT B3R . B
BRI, R T IRD AR 5 XA v B R
HuK FARFRE 227, eah, it A B A S YA
TE N VA T8 VA BRI R 75 7 AR ey, JEkES T
WV e B2, @ R R, AR B
TIRBPE VD E@NE, A B R R b AR D

AT TN BRAVE N H Br 2 AN [EDR BEXT EE 24T T
AN[F) R FH /8 A SR T BRI el v AR Ak, BB T
AN AR Tl = 0 xof - b R FH /7 A SR 1 AR A AL
o H R E KD RIE, BT HREKDAR 808, £
WEER, REMSTBNERED . Kk, WAFET
AR TR HERSR T o “ T
FIR/BWRREIT” . “ LR H/ERE BRI . “+
MR /BRI D o R R — AN ALE AR, X3
H R BESivD 2 24 17 4128 )50 ir . 8 3/ e
REFVSEFIRZRE 0, RFBEPHRKE RBAR
wHe (B 9) 5 B DAMRHE. FEHLEE I i R
BB, DR H RERDEAW R, 2R
fiK, 1995 4FEAI 2010 Famidkry H R E b 2 5% /T
1985 4EAI 1990 4E (P<0.05) . ik H R D H4814k
IS5 RR B, BARTUIBUR D™= V0 () A8 A R A1 2= Bl T ] R
5 B AR T R A AR, R o R TR RUBE RN, (H
DABA L 38 0 A = 1 1 R FH /78 2 A0 ) 980 28R
FEAR—F .

2023 4F
2100 |
&0
<
S . .
g ' !
£ i
g $ .
s 0F :
b F § 1}
5 * i
E 1 ]
5 H i
A i
Boap |
2 { 1
& 3
a
a . .
0 ib , 0
1985 1990 1995 2010

FAf Year
B O 5 AR R0 B i R

Fig.9 Variation of daily sediment transport rate among different
years in Lyuergou Watershed
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Response of sediment yield under different temporal scales to land
use/cover pattern changes in typical watershed of Loess Plateau

LIANG Yuel?, QIN Wei'?*, ZHANG Qin*?, DING Lin'?, XU Haichao?, SHI Chenyu'?, AN Leping®

(1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water Resources and Hydropower
Research, Beijing 100048, China; 2. Research Center on Soil and Water Conservation of the Ministry of Water Resources, Beijing 100048,
China; 3. Yellow River Soil and Water Conservation Tianshui Governance and Supervision Bureau, Tianshui 741000, China)

Abstract: The influence of land use/cover patterns on soil erosion and sediment transport can be one of the most important
indicators to optimize the soil and water conservation measures in a watershed. However, it is still lacking in the quantitative
evaluation of the land use/cover pattern and their impacts on soil erosion and sediment yield at the watershed scale. This study
aims to explore the long-term changes in the sediment yield on the interannual and intermonthly temporal scales from 1982 to
2020, together with their responses to the land and use/cover pattern. A typical watershed was selected in the Loess Plateau,
and the Lyuergou watershed. The M-K trend analysis was employed to elucidate the long-term temporal trends of annual
rainfall, runoff, and sediment yield in the study area. An investigation was explored on the changes in the runoff and sediment
under different vegetation patterns using the land use/cover pattern. The index of connectivity was chosen to characterize the
impacts of the land use/cover pattern on soil erosion and sediment yield. Accordingly, quantitative relationships were also
established between the index of connectivity and sediment yield. In addition, the monthly rainfall amount, the maximum daily
rainfall amount, and erosive rainfall days were selected as the indices to classify the rainfall types. The results indicated that
the Lyuergou watershed experienced cropland abandonment and vegetation restoration, where the index of connectivity
decreased significantly during 1982-2020. Consequently, the whole study period was divided into four stages: 1982-1985,
1986-1990, 1991-2000, and 2001-2020, corresponding to the land use/cover pattern I, II, 111, and IV, respectively. The average
annual sediment yield varied consistently, as the land use/cover pattern changed. Significantly downward trends were found in
the average annual sediment yield and runoff depth, whereas, the annual rainfall amount showed no significant changing trend.
Specifically, the annual runoff depth and sediment yield of land use/cover pattern IV decreased by 74.5% and 68.1%,
respectively, compared with the land use/cover pattern I, respectively. The average monthly runoff depth and sediment yield in
the flood season were 11.7, 5.9, 1.8, 4.0 mm and 713.4, 377.4, 112.0, 317.9 t/km? in the land use/cover pattern I, I, III, and IV,
respectively. The runoff depth and sediment yield under the later land use/cover pattern (III and IV) were significantly lower as
opposed to those in the early land use/cover pattern 1. The erosive rainfall in the flood season was classified into four types:
type A (minor rainfall amount, and weaker rainfall erosivity), type B (medium rainfall amount, and weaker rainfall erosivity),
type C (great rainfall amount, and medium rainfall erosivity), and type D (great rainfall amount, and larger rainfall erosivity).
Type A, B and C contributed to the most sediment yield on the small watershed. However, there was no significant difference
in the monthly runoff depth and sediment yield among different land use/cover patterns under type C. The sediment yield on
both interannual and intermonthly scales increased exponentially with index of connectivity, whereas the relationships were
weaker under type C. The finding can provide a strong reference to the optimal allocation of land use/cover patterns and soil
and water conservation measures in arid and semi-arid areas.

Keywords: soils; erosion; sediments; land use/cover pattern; small watershed; index of connectivity; rainfall
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