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Abstract: More than 807} of the gullies in Southwest China are not active today due to a coverwith young veg-
etation. The objective of this study is to investigate the development of these gully systems and their relation to
land use changes over the last 2000 years. The first investigations were carried out at the slopes bordering of
the Anning Wam Dry Valley of southern Sichuan in the territory of Xichang. Two gully systems were investi-
gated in details. The size (length, average depth and width) and the volume of the gully system were measured
in the field and calculated. The size of the surface catchment of the gully system was measured in the field,
too. Air photos were analyzed, senior experis and famers were intervieved for a detailed reconstruction of land
use history. Afier several centuries of sustainable landscape development namely the intensive agricultural land
use during the second half of the 20th centuty caused excessive floods and gullying in wide parts of southern
Sichuan. Valley bottoms were flooded, rivers changed their position, many villages ceased there and lakes
were filled with sediments. Gullying rates that could be reconstucted are unexpectedly high and strongly de-
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mand sudden successful measures of soil and water conservation.
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1 Introduction

Gully erosion is a major environmental problem in
the mountainous regions of Southwest China ! ",
More than 80% of the gullies are not active today.
Young vegetation covers most gully walls and gully
bottoms '? . When did the gully systems develop ?
Will future heavy rainfall and concentrated over-
land flow reactivate them ? How relevant are spe-

cific land use systems and landscape structures for
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the development of gullies ?

To answer these questions a joint sino-geman
research project started to investigate the land-
scape development since the rise of agriculture in
some characteristic small catchments of the upper
Yangtze River Basin. The first investigations were
carried out at the slopes bordering of the Anning
Warm-Dry Valley of southern Sichuan in the tern-
tory of Xichang. The average annual rainfall in the
city of Xichang amounts to 1000 mm. Most rain is
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falling during late June, July and early August.
An average annual temperature of 17 C was
recorded at Xichang. Temperatures are decreasing
and rainfall is increasing from Anning Wam-Dry
Valley to the neighboring mountains.

2  Methods

Soils and sediments were investigated, air photos
were analyzed, senior experts and fammers were in-
terviewed for a detailed reconstruction of land use
history. The spatial and temporal relations of a
specific gully system 1o soils and sediments in
their surroundings were identified. Thus the im-
portant question was answered, if the soils and
sediments neatby were older or younger than the
cullies. Then an exadt stratigraphy (logical se-
quence of changes in space and time) of land use,
soil formation, soil erosion and sedimentation was
developed. The size (length, average depth and
width) and the volume of the gully system were
measured in the field and calculated. The size of
the surface catchment of the gully system was mea-
sured in the field, too.

In a complex interdisciplinary approach the
results of the soil profile and sediment analysis, of
the air photo interpretation, of the inquiries and
the gully investigations were compared, integrated
and interpreted. Finally the gully erosion rates
were calculated for specific land use systems and
land use periods.

First results from two small catchments near-

by Xichang City are presented in this paper.

3 The Development of the Xixi Gully
System

At the east exposed slope of the Long Mountain
Ridge in the Xixi Rgion severe gullying has oc-
curred in the past. Extended gully systems cover
wide parts of the slopes. Near the small village of

Yuanjiawan on the slope mentioned a gully system

was investigated in detail. The area is located at
27 43'46 noth and 102" 13'20" east in heights
from 1549 m to 1615 m above sea level.

Dense natural woodland was covering the
slopes of the Long Mountain Ridge near Yuanji-
awan and thus preventing soil ersion before the
year 1958. Intensively weathered deep red soils
formed over several thousand years under the
dense woodland (Fig. 1). Following a national
initiative, all trees were cut in 1958. A national
decision in late 1958 to plant a forest in the area
failed. Pine tree seeds distributed by aiplanes
(air seeding) were removed by famers and fed to
their animals. Then, for seven years the slopes
were grazed. In the year 1965 the grazed grassland
of the Long Mountain Ridge was replaced by agni-
cultural terraces. Most terraces were fixed by earth
walls only. The surfaces of the agricultural ter
races were incining smoothly in the direction of
the steep slope.

No gullying has occured during the past peri-
ods of natural woodland (before 1958)and grazing
(1958 ~ 1965 ), the soil surface has been stabi-
lized by vegetation over thousands of years. After
1965 rainfall caused splash ersion and surface
compaction on the non-vegetated surfaces, namely
on several small paths and farm roads. Additional-
ly animals and people using the paths and rads
compacted the soil surface and reduced the infil-
tration capacity dramatically. During heavy sum-
mer rainfall the infiltration capacity of these areas
was exceeded and overland flow was concentrating
on paths and mads flowing then along dells
downslope. During one excessive summer rain,
large amounts of concentrated overland flow cut in-
to the red soil at the steep downslope area of the
catchment. The development of the gully system
began. It is unknown, how many heavy rainfall
events increased the gully system in the following

years.
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Phase 1 Soil formation in natural woodland, before 1958 Phase 2 Deforestation and grazing(1958~ 1965)
1: A— and B— horizon of red soil 1: A— and B— honzon of red soil

2: weathered shales 2:weathered shales
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Phase 3  Establishment of agricultural terraces ( 1965) Phase 4 End of gully development period ( 1985)
1: A— and B— horizon of red soil 1: A— and B— honzon of red soil

2: weathered shales 2:weathered shales
3: reworked soil materials of agricultural terrace 3. reworked soil materials of agricultural terrace
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Phase 5 After a forestation (2000)
1: A— and B— horizon of red soil

2: weathered shales

3: reworked soil materials of agricultural terrace

4. sediment deposited at gully bottom before total cover
with trees

5: pine tree

R RSN SRS RSN R RSN RS ERE

Figure 1 Model of the development of the Xixi-gully system
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Today the main gully system has a total
length of more than 400 m. A maximum gully
depth of 5 m was recorded by the authors. In av-
erage the gullies have a depth of 3.7 m and a
width of 4.3 m (Table 1). An average cross sec-
tion of 16 square meters multiplied with the total
length of the gully system results in a volume of
6400 cubic meters of soil removed by gullying.
Small and short tributary gullies eroded an addi-
tional amount of 200 cubic meters of soil.

In the year 1985 a pine forest was estab-
lished successfully by air seeding. Agriculture had

Table 1

maximum depth

average depth

average width

average cross section

length of the major gully system
volume of the major gully system
volume of small tributaries

volume of the total gully system
average bulk density of soil ernded
tons of soil removed by gullying
appox. maximal duration of gullying

size of the catchment of the gully system
average gullying rate for 20-year period

The size of the catchment of the gully system
amounts to 1. 4 hectares. Assuming a maximum
duration of gullying from 1965 until 1985 the vol-
ume of 6600 cubic meters of il was removed in
20 years only. Assuming constant gully erosion
over two decades, an average annual gullying rate
was 250 cubic meters per hectare. In reality only
a few rainstorms will have eroded the gully system
in some monsoon summers between 1965 and

1985.

The enommous high rate of gully erosion re-

to stop. Soon the slopes became green and were
protected against severe gully erosion. Until today
the catchment is covered with pine trees and
grazed. Soil erosion is reduced to minor nll ero-
sion at a few paths in the north of the catchment
since the late 1980s. At most sites the shap gully
edges and the steep gully heads that developed
approximately from 1965 until 1985 were prote cted
by the pine forest until today (December 2000).
Only at a few spots soil slided down the steep gul-
ly walls during the past years filling the gully
bottom partly.

Size of the Gully System of the Xixi Research Area

Sm

3.7m

4.3m

16 square m

405 m

6400 cubic m

200 cubic m

6600 cubic m

1.5 g per cubic an
9900 tons

1965 ~ 1985

1.4 hectares

250 cubic m per hectare and year or

375 tons per hectare and year

constructed can be explained by

— highly erodible soils,

— low infiltration capacities,

— steep slopes,

—surfaces of agricultural terraces inclined in the
direction of the slope,

— weak walls of the agricultural terraces

— paths and dells where overland flow was allowed
to concentrate, and

— at least locally a low vegetation cover density

during the monsoon months.
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The land use changes, the gully erosion his-
tory and the ersion rates of the small catchment
investigated are characteristic for the slopes bor-

dering the extended Anning Dry Valley.

4 Landscape Development in the
Daqingliang Research Area

A regional war ended the long period of slope sta-
bility and of soil development suddenly in the
nearly totally wooded area of Daqingliang. In
1887 the-at that time-minority of Han were again
attacked in the Anning Dry Valley by members of
the Yi which lived as hunters, gatherers and prim-
itive farmers in the Daqingliang area and other

neighboring mountains. Thus, in 1887 the Han

bumed the woodland of the mountains of
Daqingliang. The charcoals of this fire can still be
found today in the sediments of the research area
of Dagingliang, which is situated at 27 42' 25’
morth and 102°21'50" east in a height of approxi-
mately 2550 meters above sea level.

After the forest fires of the year 1887 the
land was grazed only extensively (Table 2).
Around 1955 sheep-grazing was intensified-a pro-
cess still being active. An attempt to establish a
pine forest by air-seeding in 1958 was not suc-
cessful due to intensive grazing and due to the
old mountain climate which avoids growing pine
trees. Since 1963 cattle is held in growing num-
be1s, too.

Table 2 Land Use Changes in the Daqingliang Research Area

~1887

woodland (rare cuiting of trees, at a few siles primitive agriculture of Yi)

1887 burning of woodland during regional war

1887 ~ 1955

wasted land, extensively grazed

1958 air-seeding of pine trees (mot successful)

1955 ~ 1963
1963 ~ 2000
1955 ~ 2000

The dramatic reduction of biomass in the
area (grassland and arable land instead of forest)

decreased transpiration and infiliration rates and
made

stoms

overland flow possible during rain-

373 High soil moisture contents during
the monsson months lowered the stability of the
dark brown soils and underying sediments. Land-
slides were unknown before 1887 and rare before
1955. Since the mid 20" century they occured in
increasing numbers. Earthquakes may have triggr-
ered the land slides too. Additionally heavy rain-
fall with concentrated overland flow and severe
floods hit the area, namely in July 1978, June
1985, September 1989 and July 1998. We expect

that these rainstorms caused the development of

medium intensive grazing (sheep) on midslope and upslope areas
intensive grazing (sheep and cattle) on midslope and upslope areas

agriculture on downslope areas (wheat, potatoes, grass)

large gullies with depths up to 18 m in the
Dagingliang Research Area (Fig 2). Large blocks
with diameters of 1 m and more were transported.
The senior experts Liangru Li. Director of the A-
gricultural Bureau of Xichang Territory, and
Xinzhi Yang, Director of the animal husbandry bu-
reau of the xichang territory, and local famers
too, report that the gullies developed approximate-
ly during the last two decades only. Since the
blocks in the gullies were not covered with lichen
or other vegetation a transport during the last few

years (during the 1998 rainstorm ?) is very proba-
ble.

5 Conclusions

After several centuries of sustainable landscape
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Phase 1  Soil formation in natural woodland before 1987
1: humic horizon
2: B— horizon developed in debiis cover
3. several debris covers (probably Pleistocene)

[\ I

Phase 3 Landsides in grazed land (20* century)
1: humic horizon
2: B— horizon developed in debiis cover
3. several debris covers (probably Pleistocene)

4. chacoal

5: debris covers of landslides

Phase 2 Man-made fire destroys the natural woodland in 1887

1: humic horizon
2: B— horizon developed in debris cover
3: several debnis covers (probably Pleistocene)

4. chacoal
4
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Phase 4 Gullying in intensive grazed land (late 20™ century)

1: humic horizon 2: B—horizon developed in debrs cover
3; several debiis covers (probably Pleistocene)

4: chacoal 5: debris covers of landslides

6: block which slided into the gully

7. coarse gully bottom sediment

Figure 2 Langscape development in the Dagingliang research area

development namely the intensive agnicultural land
use during the second half of the 20" century
caused excessive floods and gullying in wide parts
of southern Sichuan. Valley bottoms were flooded,

nivers changed their position, many villages ceased
there and lakes were filled with sediments. Gully-
ing rates that could be reconstructed are unexpect-
edly high and strongly demand sudden successful
measures of soil and water conservation.

Future, research, should focus on the event-

based dating of the 20™ century gully erosion, hill-
slope erosion and landslide events as well as on
the exact quantification of erosion. More sites un-
der investigation will then prove the regional rele-

vance of the examples documented in this paper.
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