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Fig.1 Distribution of large gullies in study area
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Table 1 Basic information of large gullies

KOWasw = A X 5K X AEH KX THAR KX T BHRZ AKX 3 £ VNERSUEI SIS
Serial number Total area of valley and Upslope catchment Ratio of upslope catchment Mean slope gradient of Mean slope length of
of large gully upslope catchment/m’ area/m’ area to total area/% upslope catchment/(°) upslope catchment/m

1 31281.68 21022.61 67.20 3232 43.66

2 62 164.76 46 773.79 75.24 30.54 76.10

3 30 060.03 25368.75 84.39 34.27 62.28

4 18 427.85 14 595.52 79.20 24.28 50.94

5 36 086.51 26492.92 73.42 28.00 5431

6 91 852.46 63703.39 69.35 21.99 75.66

7 8279.53 6818.63 82.36 22.46 52.34
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AT 24 B I 3 P P b R P RO RE 7 5 5 AR B R A B
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DX 5 347 8] P 1 b 1) P R % 78 5 AR
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Al = 1N N 7 MARTTY 201 B <y N 7 A I wed N ) A A N T i
PR B 2 [R] )26 22K Pearson MM iEAT 20 b, £ R E
Z MK N a=0.05.

3 HBREHH

KK WK 2, Ho 2. 4. 7 5 KU T A K A0 X
B, N 50.70%. 119.72%- 180.46%; 3. 6 5 K1)
VAN, 5508 38.07%F1 11.01%. 2+ 3+ 7 5K
VI RS K AR LR, 73008 58.99% . 46.32%-
86.75%; 1.6 ‘5 KUNVAFXT /N, 73531 4 18.69%F1 8.07%.

3.1 VPaZBYHE 1. 4. 5 SRUNAM A KFRT 3 SR, HEAK
1976 A1 1997 SEWEFLX P 7 X KUNARITHABE KATE  HKSNF 3 5K,
&2 1976—1997 FAYPARERME KT
Table 2 Changes of area and perimeter of large gullies from 1976 to 1997
ENZCE A Area/m’ TR 2 JE & Perimeter/m K22
Serial nu;}ff;r of large 1976 1997 Area growth rate/% 1976 1997 Perimeter growth rate/%
1 7219.67 10259.07 42.10 934.98 1109.74 18.69
2 10213.15 15390.97 50.70 1285.22 2043.42 58.99
3 3397.84 4691.28 38.07 526.53 770.42 46.32
4 1744.16 3832.34 119.72 394.88 537.22 36.05
5 6 826.51 9593.59 40.53 963.60 1286.37 33.50
6 25356.89 28 149.06 11.01 1 836.83 1985.11 8.07
7 628.22 176191 180.46 180.59 337.24 86.75

¥ 1976 F1 1997 4 2 JHRUNGVAA X B =347 &M
(B 2) , ATLLEH 1976—1997 fE#AE], 7 5 K4 Rl
AEAEVRAT AR TE  /INUIEE SR A= i AN TR BB (/N UDVe) 3
PRk, 1. 4 5 RUIEN LA A4 v AVINTTE 15
RN E, 2. 5. 6 S RUIVALL/NIIARIIER o 3,
Ho 5 S RUNGEAAEMIF AR 3 5 RUNELIE
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RHE I 45 58, 1976—1997 4 1~7 5 KN4
P R A2 b ) K A v Sk T 3t )NV B 43 T 28
24, 14, 12, 27, 29 F1 4 %%, VASKATRET- 355 N
0.35+0.20- 0.68+0.66+ 0.39£0.44. 0.56£0.77. 0.36+0.27-
0.26+0.22 F1 0.84+0.16 m/a. W 3 iR, 2. 4. 75K
PIa /NI 78 Sk B R B W R K T oA 4 2 K0
(P<0.05)

=3 1976—1997 FEAYIE LM SkAT RS

Table 3 Head forward distance of small gullies on large gullies
from 1976 to 1997

KUV ANDIE ) S AT B
Serial number of large gully Head forward distance of small gully/m
1 7.45+4.29b
2 14.65+14.26a
3 8.30+9.41b
4 12.11+16.46a
5 7.83+5.74b
6 5.62+4.80b
7 18.08+3.41a

e AFEF RN SET R A R E Z R (P<0.05) .
Note: Different lowercase letters indicate significant differences among head
forward distance of small gullies (P<0.05).

3.2 TMFIBATUIA%LERIR
BN 7 4K VIVE 1976 F1 1997 SE&E /K X & -1 F|
R AR L2 4 Fios.

R4 1976 F1 1997 FHEKX it FI A ARB T
Table 4 Land use changes in upslope catchment area
from 1976 to 1997

KON 5 A b b LG b EL A5
Serial number Ye:r Proportion of Proportion of Proportion of
of large gully farmland/% grassland/% forestland/%
1 1976 34.62 65.38 0
1997 71.04 28.96 0
) 1976 56.67 0 43.33
1997 0.34 27.98 71.68
3 1976 100.00 0 0
1997 92.44 2.38 5.18
4 1976 100.00 0.00 0
1997 44.35 55.65 0
5 1976 77.14 22.86 0
1997 60.35 39.65 0
6 1976 4533 54.67 0
1997 61.84 38.16 0
7 1976 100.00 0 0
1997 0.12 0 99.88

1E 1976 £ 1997 4EfH], 1. 6 5 KYIAHEKX
HUTETAR LEABIIR D, 2~5 5 KU1V HE 7K IX 5 1 ThI B EE 43 52 0
HORFEIRE B 38 I, (H 2L 2~4 S7E 1976 I3 5
H, 7 5 K UIVASE KX U FERE SR — B E kb . MRt
JH, 7 5 RUNGEKX AR AR bl ik 2, 2 %5
W2, 3 5, HAORUIE R AKX LR 7T IR 35 o ik
KEDE. 1. 5. 6 5 RUNAMEKXIERN R ARLE
—E LB B, AN, HEAIMKRET 2. 40 7
SRUNE . BIR 3 5 RIS K X IR Hh TR S 0 b
BIAR /N, AH I SeHh e VA3 50, A ST TR S K X R
MR EFOYREH, AT RO ST AR AR, T
R TEATVE L ], Brbh 3 5 KUIE L /NIA T Sk
AR BN 20 40 7 S AUIA, HET 1. 5. 6 5K

VI, & RO AR A e A AE 5% 51 THES , onh 483 Az
A EERARR. SR8, 3 5 KUV B AR K ZR G
T 1. 5 SRUNE, RECABTFINE 1. 5 5 RUNAHK
CREAE T

AR S E VA, BBHEA (5D TR IEXSLE
PART, WE7EX BB CITARIZM & e, 53 B AR,
A IEAR SRR 4756 WIS K L RFRTFEAR
REFh, SO K )VE AR K X P AR B ke b, X3
[ S A AL S 9 e V) Ve) ) 2 AR R Y . [R]I
WLAEH, PRRWEEHEIYNGRE, EHAER RN
FH FARE N7 LA 35 T 14 70 A1 o2 B T 7
3.3 HEWEBEZXVINE BRI

W 2% S A o5 R YA SRR X R T AR L) 5 R
Y THAR 3G K 26 AR b /N 78 Sk 1T 33k ~F- 240 BE 85 4
ABEAT AT, S5 R AR 5o RUNE TARES K2 A K]
VE) LN UV ¥ Sk R~ 35 R O ) AE AR 7 1 S <65%
A<45% X 18] N, 255 HE A 7 o T AR B9 AN A7 AE I 25 1Y)
MRKZR (P>0.05) , T HHHA &5 7> Al AL T <70%
A<50%H XA, MIATT46 2R 2 R % (P<0.05) ,
L5 A6 0 7 o B AN W R, R DDA T AR K&
ARG /N0 V) Sk BT k-1 251 BR 1 0 25 S5 A0 7 1
TR O R 45 2 2 1) SR DG (P<0.05) o Ui HARKIX A
Baa KT 65%AM 45% IR 3 AE SN Rt il ok
DIIE T AR G AR /N Ve Skt . 45 &
SCRUNE AR K EE IR m R sIE, ARG
NI VA SR AR PV A5 T sk A B g 1 T
R, T K IVA /N D)9 B 9 Sk it DU 2 2 e AR e 5
&, "R AKX N R KT 65% I B e
I B RV A AR RS N ER . 2. 2
FAL RS UIVAAR s T o5 KT 45% FAELAE RE BE N
A R B R V)V LN ORI AR e BRI K
FR O FE AR AL BE 22, BT LARE B2 A ROt ) K U1a
Lra Ve AR h AR b 7 o T B R
5 RUPAERIGKEM NG EHRHESRSHEKRX

ERBEENEXRYE (=7)

Table 5 Correlation coefficient between area growth rate of large

gully, mean forward distance of small gully head and vegetation
coverage in upslope catchment area (n=7)

B INITIE?
. RNZIMAVAE s
N L L Wckseald W T

B T BT ppemer migw g
i Area growth Mean forward Vegetation Area growth Mean fc d
Vegetation er distance of /% g can forwar
coverage/% rate of large small gully coverage/% rate of large  distance of
gully/% head/m gully/%  small gully
head/m
<10 -0.253 -0.263 <50 -0.59 -0.802*
<15 -0.269 -0.283 <55 -0.66 -0.861*
<20 -0.264 -0.276 <60 -0.672 -0.871*
<25 -0.328 -0.366 <65 -0.72 -0.858*
<30 -0.483 -0.578 <70 -0.775* -0.864*
<35 -0.501 -0.637 <75 -0.847* -0.829*
<40 -0.56 -0.712 <80 -0.873* -0.815*
<45 -0.544 -0.744 <85 -0.889* -0.776*

Note: *, P<0.05.
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AW B e H 2 SR R AT LR, Al B
Fedbig 11X 1976 — 1997 VA K B =, H K14
AR K E N 0.51~8.39%, IMHEH 3.21%; KUIE E/N
VIV (98 Sk 5T 2 AF P RN 0.26~0.84 m, 314
0.49 m. Z4HEEBPYIET QuickBird SAA44H 8 H S P AL
11X 2003 —2010 VG F ARG KK 0.07~1.35%,
PIHE 0.47%; VASKATHEFEFHE %R 0.36~0.44 m, 51
0.40 mo A CEERHE KT LIRS R, e BRI
AR L FHIX 1999 4ESEAT IR HRER (FD
DK, MW RSN, ARohEH T UK E
ATCAT H BETE A A A% 1 K UIVA P 25 & DI AR Tl R A
BHEETFRT 65%, MmxBREPIRI, fFi+mEX,
T 78 35 KT 60%0T,  FLyH st 3842 1k i /B F BA 22
A A DS T g L i XK XA % KT
60%IN, HAMH VIR B RIBCRE IS . ZEA Rk 2
A7 2 BRI FE A AR TET AR L ] 5 61, T AR 7 IX PN B
AL S, (EE P B RVER A K R &8 5
TR, XM T oA A T B KU LEE S I
YA RER /RIS B (2288 1979 &7 H 5 HIFMhi4
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Characteristics of gully development in Northern Shaanxi Hilly Loess
Region before Grain-for-Green Programme (1976-1997)

Chen Yixian, Jiao Juying™**, Wei Yanhong®, Zhao Hengkang?
(1. Institute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling 712100, China;

2. Institute of Soil and Water Conservation, Northwest A&F University, Yangling 712100, China)

Abstract: Gully erosion is a serious environmental problem and the primary source of sediment loss on the Loess Plateau.
However, due to the limited technologies and approaches for monitoring gully, most of the early studies focused on the
qualitative description of gully morphology and the division of gully development stages, confining the advancement of
quantitative research for gully erosion and leading to insufficient knowledge about gully erosion. The objective of this study
was to quantitatively estimate the gully development rates as well as assess the effect of land use and vegetation coverage in
upslope drainage area on gully development over 1976-1997 period, after which the Grain-for-Green Programme had been
completely implemented since 1999. The study area was in Fangta watershed in Ansai County (109°19°E, 36°52°N), which is
located in the northern Shaanxi hilly loess region. Seven large gullies, as well as the small gullies which occurred along the
large gullies, were selected along a transect placed randomly and throughout Fangta watershed. ArcGIS and MATLAB
software were used to obtain boundary lines of the selected large gullies based on the DEM (digital elevation model) derived
from topographic maps at the scale of 1:10000 in 1976 and 1997. By applying LOG (Laplacian of Gaussian) edge detection
approach in MATLAB, the gully boundary lines were initially extracted; furthermore, in order to improve the accuracy of the
boundary lines, visual interpretation based on the morphology reflected by contour line was conducted in ArcGIS. According
to the gully boundary lines, the area and perimeter of large gully and the head retreat distance of small gullies within each large
gully in 1976 and 1997 were calculated, respectively. Details about land use and vegetation coverage were extracted from the
historical maps of land use and vegetation cover, respectively. The results showed that the rates of area and perimeter
development of the 7 large gullies from 1976 to 1997 ranged from 11.01% to 180.46% and from 8.07% to 86.75%, respectively,
and the mean head retreat distance of the small gullies within a large gully varied from 0.26 to 0.84 m/a. Head retreat of small
gully caused by headward erosion was the dominant erosion form presented within a large gully in study area. In addition,
valley widening and forming new small gullies forming could significantly contribute to the area and perimeter development of
a large gully, respectively. Forest and grass coverage were both helpful to control gully development, especially when
vegetation coverage exceeded 65% in upslope drainage area, which was more effective for controlling multiple erosion
processes that simultaneously took place in a large gully, in which valley widening was mainly involved, as well as headward
erosion and sidewall expansion of small gully. However, vegetation coverage exceeding 45% in upslope drainage area could
only control the headward erosion of small gully effectively. Terrace could also control gully development and its efficiency
depended on scale and position of terrace on the slope. This study indicates that the forms and rates of gully erosion can be
determined based on GIS technology and topographic map, accomplishing the monitoring of gully dynamic development
before implementing the Grain-for-Green Programme.

Keywords: land use; erosion; vegetation; gully; gully boundary line; Grain-for-Green Programme



