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3.1 MEAKIERE & ER £1 35 RETHANHESH
AT 35 MRS SRR EHENE 1. Table 1 Morphological parameters of 35 selected gullies
VAKAE 82.17~490.11 m Z[a], ¥JMEH 217.14 m, A% it WE B ﬁi TAGE PR
202.15 m; ﬁ‘ﬂ:{z‘j—i 3131.62~36 493.78 1'1'12 ‘Z [‘ETJ , j:l)] ,TE Statistic Area/m~ Volume/m length/m Width/m  Depth/m

2 N 2, > f5% KfH Maximum 36 493.78 422 416.19  490.11 95.44 13.62
12279.03 m, HALH 10 755.70 ‘m . })@% 2 H 2 mTEL F/ME Minimum 313162 676439 8217 3114 1.70
Bih: 1968—2021 4, 1E 35 KFEM AT, H 10 % #ff Means 1227903 10171128 217.14 5322 698
W{@E?ﬁ1%i&ﬁ%ﬁi%j&o %ﬁ\ 25 %{@Ki-{—ﬁ{f PR Medians 1075570 67 892.16  202.15 49.88 6.91
0.09~0.93 m/a Z I, 4 0.30 m/a, 80%IHA K 219682021 £ 25 SRR KAMER IR E
BKZE 20 m DL, B 0.38 m/a. 45 2 ZihihK REEREK7E Table 2 Length and area growth rates of 25 growing gullies from
=] ’ . o 2N /X FH
1968 to 2021
N N 2% % /. N -
40 m U\J:, :I:El i&i ({Tgia {K]—ﬁ 1968 ﬁ/@{tztlﬂ) ﬂsﬁji ‘ ﬁﬁiﬁg&%$m&i@&g$fﬁﬁui@ﬁLI:W‘Z’AJ{%@J&LIQW
30%. 25 %K B AT KALE 0.74~51.93 m*/a Z [H], fﬂﬁ Mmgwlmﬁyg‘@wmmmemwl
. NN atistic rate; rowth rate i -
BB N 14.03 m¥a, TOERAE 8.57 m¥a, 76%HI0H VA () ma) ratio/% ratio/%
FKNT 20 m¥Ya. A 2 VAT K R (HFE B%jjdg Maximum ~ 51.93 0.93 25.59 3427
. N . #iz/IMA Minimum 0.74 0.09 0.63 1.91
K5 1968 IR ) 7E 20%LL b FHEMRIFAKZ, & {1 Means 14.03 0.30 6.92 881
HiF e F KR I 1968 A1 2021 4F BT HIRAZ F i *%ﬁeﬁiﬁs - 8;;% - _"J;“{ %mﬂ; — ;21
R 3] B o 3 e AL 35 %, J 25 kAT LAESE RPN GG
E%/E{ Eﬁ Ekig_t/( E/\] ”Bé} ° ﬁﬁﬁ ?E-”Aj\j : % T DEM :J:%EXJQJ /EJ Notes: 25 of 35 selected gullies were found to keep growing obviously.
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a. Frequency distribution histogram of length growth rate of gullies b. Frequency distribution histogram of area growth rate of gullies
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Fig.2 Frequency of length and area growth rates of 35 selected gullies
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Estimating the gully growth rate in the hilly Loess Plateau using historical
satellite images

Zhang Yan'?, Gao Chiyu'?, Yang Jin*?, Zhang Qi'*, Wang Jiaxi'?
(1. College of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China;
2. Forest Ecosystem Studies, National Observation and Research Station, Jixian 042200, China;
3. Soil and Water Conservation Monitoring Center, Ministry of Water Resources, Beijing 100053, China)

Abstract: Gully erosion is one of the most important drivers of land degradation, accounting for more than 50% of the total
sediment production in the Loess Plateau. However, the volumetric gully erosion rate is limited during the medium to long
term, due to a variety of historical information of the gullies previously unavailable. In this study, the gully growth rate over
the past 53 years was estimated to compare the KH-4B imagery acquired in 1968 with the GF-7 satellite imagery in 2021.
Digital Elevation Model (DEM) generated with GF-7 stereo pairs was used to calculate the gully volume. A watershed was
taken as the study area, located in the first sub-region of the hilly and gully area on the Loess Plateau, well known for the
severe soil erosion and high gully density. After that, 35 large gullies with the gully area ranging from 3132-34694 m* were
selected to estimate the gully linear and areal growth rates using the visual interpretation, and then to estimate gully volumetric
growth rates with a volume-area relationship model. The following results were obtained. 1) There were 10 gullies
undeveloped significantly, among the 35 surveyed ones. The rest of the 25 gullies increased 0.09-0.93 m/a in length, with an
average value of 0.30 m/a; and the gully area increased between 0.74-51.93 m?/a, with an average value of 14.03 m*/a. 2) The
growing gullies developed mainly by the head-cutting of the branches. The gully head on the shady slopes grew more quickly
than those on the sunny slopes. The reason was that most gully heads on the sunny slopes were close to the ridge lines,
approaching the threshold conditions of gully retreat. The terraces on the drainage area were considered to prevent the gully
development, particularly for 4 of the 10 stable gullies. 3) A power function was also fitted between the volume and area of the
25 growing gullies, i.e., ¥=0.08664"**%, with R*=0.934. Each gully volume was calculated to evaluate the average gully
volumetric growth rates of 161.21 m’/a, with a maximum of 723.62 m’/a. It infers that the historical KH-4B imagery was
probable to extract the gully boundaries, further to estimate the gully length and area growth rates. The KH-4B imagery
covering a large area in China at the end of the 1960’s has been widely used to rebuild historical scenes, and then assess long
term change of landscape. However, only a conservative estimate of the gully growth rate can be obtained over the past
53 years, because the 2-m resolution of the KH-4B imagery can be used to only identify the gully length growth larger than
2 times of the resolution. Meanwhile, the gully volume from the GF-7 stereoscopic satellite images can be lower than what is
probably the real amount. The accuracy of the generated DEM from KH-4B stereoscopic images is not enough to extract the
depth and volume of gullies. This finding can provide an important reference to estimate the gully volumetric growth rate on a
large region for the medium to long periods.

Keywords: gully; growth rate; KH-4B imagery; GF-7 imagery; medium to long term; Loess Plateau



