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The upstream Fujiang River are famous for their high mountains and narrow
canyons, which results in a conflict of interest between local residents and land
use. To make good use of precious land resources is a meaningful work for local
people and government. Therefore, field surveys and theoretical analysis were
carried out in the upstream Fujiang River to explore the land-use evaluation and
utilization advice. Firstly, we analyzed the factors which affect the land use of
debris flow depositional area. Secondly, we chose the factors of soil fertility
quality, soil particle conservation, and the geological engineering condition to
set up the land-use evaluation method. Thirdly, through index classification, we
give the planting type, land-use type, construction type respectively, according
to grading and assignment value for each factor, we built the debris flow
disaster-prone land utilization mode R by using an analytical hierarchy
process method. Lastly, taking Huangjiaba village as an example, based on
the debris flow disaster land-use evaluation method and debris flow hazard
evaluation, we identified four land-use scenarios. The results show that the
value of the four scenarios is between 1.00 and 4.00, the four scenarios
utilization advices are given based on each R-value and Huangjiaba natural
condition. It also obtained that the developmental tendencies of the debris flow
disaster areas appear to deposit recently, the frequency of debris-flow activity is
evolving from high to stable, on making good use of debris flow deposit fan's
usage is necessary to explore the disaster prone land and avoid disaster loss.
Further studies need to systematically consider more factors to evaluate debris
flow and disaster-prone land utilization, which can provide a reference for the
rural space planning and revitalization for the local government.
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Introduction

Environmental Earth science constitutes the study of the
natural world and its interaction with society (Siegert, 2016).
Currently, land, as the carrier of all economic and social activities,
appears increasingly scarce with ongoing socioeconomic
development. Therefore, more attention has been paid to the
remediation of disaster-destroyed land. Debris flows are widely
distributed and a frequently occurring hazard in mountainous
regions. Due, in part, to its high sand and clay content, huge areas
of debris flow cause deposit fans to form before it runs into the
main river (Gregoretti et al.,, 2016). It has been reported in over
70 countries in the world and often causes severe economic losses
and human casualties, seriously retarding social and economic
development (Imaizumi et al., 2006; Cui et al., 2009; Tecca and
Genevois, 2009; Tiranti and Deangeli, 2015; Gregoretti et al.,
2016; Hu et al, 2016). Presently, the relationship between the
economic supply and social demand for land will further deepen
the uncoordinated tension, in particular, the productive capacity
of currently available land resources in ecologically fragile areas is
likely to decrease, while the possibility of increases in quality or
quantity is limited (Cui et al., 2011; He et al., 2018; He et al,,
2020).

Currently, several kinds of “hard to use land” have been
developed and utilized, such as desert land (Cao et al., 2018),
mining wasteland (Liu et al., 2016), Loess land (Wang et al.,
2022).) and Kkarst land (Chen et al., 2017). Meanwhile, China
faces the problem of accelerating urbanization in mountainous
areas and needs to explore the use of new land, which requires
further investigation and planning to achieve the rational
allocation of new land resources (Liu, 2018). It is noteworthy
that rational allocation refers to the land use type and the
selection of suitable land types, for instance, flat and safe
areas are developed into building land and cultivated land,
and steep slope areas are developed into forest or grassland
(Liu et al, 2022). In Lhasa River Basin, land suitable for
settlement or living is experiencing a shortage of resources,
alluvial fans have the potential to alleviate the problem, survey
results showed that alluvial fans are important land resources in
LRB and may have huge utilization potential (Chen et al., 2021).
Abundant debris-flow deposits on land are widely distributed in
mountainous areas. Currently, those areas have mainly been
developed for crop cultivation, rural village construction, and
tourism (Okunishi and Suwa, 2001; Sancho et al., 2008). To some
extent, it is necessary for locals in mountainous regions to use
those widely-distributed debris
landscapes for agricultural and house building because they

flow and disaster-prone

are the only available lands that are essentially flat. Through
statistical and field surveys, those areas appear gently flat and
have abundant water supplies, which are the superior land source
in mountainous areas, due to their high quality of heat and water
condition. These areas offer promising development prospects.
Therefore, making good use of debris flow depositional land
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represents the key method to develop the local economy and
change the ecological environment, it can also balance the
relationship between human needs and debris flow control.
Previous literature has found that the debris flow disaster-prone
land research changed over time and began with a hazard risk
evaluation and sedimentation events (Jakob and Hungr, 2005; He
et al,, 2016), then it shifted to natural protection and land use for
damage reduction. Recently, it focused on land use and spatial
planning, as He et al. (2018, 2019) analyzed land-use changes and
their driving forces in the debris flow active area of Gansu and
Yunnan province, China. Minimal attention has been paid to these
areas compared to traditional land sources; thus, it is easy to neglect
the function of debris flow disaster-prone fans in mountain
development and engineering protection. Therefore, there is a
need to improve the understanding of the debris flow
depositional land. Generally, the debris flow waste fans are often
distributed in the gully mouth, which is close to the main river and
appears as relatively flat terrain. Therefore, those areas are a land
type directly destroyed by debris flow and other geo-hazards (Qiu
et al, 2022; Zhou et al, 2022). With field investigation and
information queries, we found that local residents are usually
undertaking agriculture, village, and road construction in those
areas. In recent years, domestic and international scholars
focused research related to debris flow deposits, which include
the
sedimentation processes, and the debris flow hazard zoning
method (Ibe and Ebe, 2000; Liu et al., 2001; Okunishi and Suwa,
2001; Xu et al., 2001; Wang et al., 2018). Meanwhile, the debris flow
disaster deposit area is the combination of a resource and disaster as

depositional characteristics, land-use classification and

its development has both positive and negative effects. To increase
the economic benefits and decrease the hazardous impact, it is useful
to undertake hazard zone research.

This research focuses on a small mountain watershed, exploring
the evaluation of land resource utilization caused by debris flow
disasters. The Fujaing River, central to this study, is a tributary of the
Jialing River. Field survey and data analysis justified the urgency of
summarizing the characteristics of the debris flow disaster-prone area
in the Fujiang mountainous region. Generally, the debris flow deposit
fans are the most important areas for local residents, a premise that
has helped to attract much research attention from debris flow
scholars. Along with the development of debris flow depositional
land, it is helpful to change the ecological environment and support
the local economy. Through field surveys and interviews with local
residents, we find that many debris flow gullies from the upstream
areas of the Fujiang River have frequently broken out as debris flows
after the Wenchuan earthquake. Every gully could form debris flows
during heavy rainfall in the rainy season, especially in the Nanba and
old Beichuan districts. According to field surveys and debris flow
statistics of the upstream Fujiang River, we found that the frequency
of occurrence and scale of regional debris flows are gradually
stabilizing. Thus, how to make good use of those areas, especially
the potential debris flow, disaster-prone areas, is an extremely urgent
and necessary topic of research. This research takes the upstream
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FIGURE 1

The field survey location of the Fujiang River upstream.

Fujiang River basin as an example based on the characteristics of
regional debris flow depositional land to set up an evaluation method
and then proposes advice for applying each land-use scenario.

The study area

The study area of the Fujiang River is almost 36,400 km” in size.
Its main river length is 670 km and it originates from Xuebaoding
Mountain, Pingwu County, Sichuan Province. The Fujiang River
flows across Pingwu, Jiangyou, Mianyang, Santai, Shehong, Suining,
Tongguan, and lastly merges with the Jialing River in the Hechuan
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district, Chongging. Among its characteristics, the geomorphology
of the upstream Fujiang River is a typical alpine valley region, and
the Longmen Fault traverses across the entire watershed from
Beichuan County to Nanba town. On both sides of the fault, the
mountain surface is crushed and the landform undulates
dramatically based on the complex geological structure and
frequent geotectonic movement. Debris flow, landslides, and rock
falls are the main potential geological hazards in this region. While
the geomorphology of the downstream areas of the Fujiang River
consists of small plains and hills, which appear to be within a
relatively stable regional geological environment, only a few minor
landslips and water source pollution episodes constitute the main
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TABLE 1 The development tendency of debris flow disaster lands of
Fujiang River upstream.

Field survey sample Development tendency

Deposit Cut-down
Number 33 9
Percent 78.6% 21.4%

hazard problems along the bank side. Figure 1 illustrates the
watershed which helps to infer the character of the disaster area.
Field investigation points are also shown.

Statistical analysis outlines the development tendency of the
debris flow disaster area (see Table 1).

From Table 1, 9 investigation points appeared to show a cut-
down tendency, which accounts for 21.4 percent, while the other
33 survey points show a deposit tendency, which accounts for
78.6 percent. Therefore, the debris flow deposits of the upstream
Fujiang River are mainly characterized by deposition rather than
cut-down, so far, which indicates that the debris flow occurrence
transitions from a high susceptibility to a low susceptibility state,
after the Wenchuan earthquake, indicative of a gradual stabilization.

Methods

Through literature review and sample lab tests, we learn that
many factors affect the land use of debris flow depositional areas,
such as the soil fertility quality, fine particle content, slope angle,
engineering geological characteristics, and debris flow form
condition, debris flow watershed, lithology, the height difference
(Cui et al., 2008). The soil fertility quality factor can be assessed by
soil nutrient index (organic content), total nitrogen, total
phosphorus, and total potassium, the value can be attained by
physical and chemical experiments. Additionally, fine particle
content determines the soil texture, especially soil moisture,
nutrient retention, and transport. The soil erosion ratio affects
the debris flow depositional land-use type, which is the factor
obtained from the numerous sample particle size analysis.
Through engineering geological data references and in situ tests
with proposed equipment in the debris flow depositional area, the
bearing capacity of foundation soil can be obtained is between
100 and 260 kPa, which can be used to support a resident’s
homestead or a factory foundation, the index can be obtained by
in situ tests and laboratory strength tests. Therefore, we choose soil
fertility quality, soil particle conservation, and engineering geological
condition as the main factors to evaluate the land use of debris flow
deposit fans. Based on the connotations of each factor, we expand
upon the classification of the three factors.
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Soil fertility quality

Soil fertility is an important indicator that reflects the vegetative-
supporting health of the soil. It represents the most essential
characteristic of soil that distinguishes soil from parent material
and other natural bodies. The soil nutrient classification standard
mainly grades the contents of organic matter, total nitrogen, available
nitrogen, available phosphorus, and available potassium, and each
grade has different contents/proportions of different components.
Organic materials are a key sign of soil fertility because of their
abundance of botanical nutrients. According to the soil fertility
evaluation model (Wang et al, 2003), using the single-factor
analysis method, the soil organic matter content can be used as
the land potential classification standard of debris flow deposit fans.
According to the second national soil survey and related standards,
the organic material content is divided into six levels. Based on the
degree of soil fertility and properties of the particle distribution of
debris flow depositional land, we can divide the four soil quality levels
into good, quite well, ordinary, and bad according to its organic
materials content. Through the grade of organic materials content,
the soil quality is divided into four grades, and the planting type
suggestion for the upstream Fujiang River can be seen in Table 2.

Fine particle content

Soil not only provides crops with nutrients, water, and air but
the soil environment also affects the amount of nutrients and
water absorbed by crops. Generally, debris flow deposits exhibit a
wide gradation, especially from clay particles to large boulders,
which are widely distributed in the depositional fans. Differing
particle contents and concentrations profoundly affect the debris
flow density, which determines the debris flow erosion capacity.
Meanwhile, fine particle content determines the soil texture,
especially affecting the soil moisture and nutrient retention
and transport. The soil erosion ratio affects the debris flow
depositional land-use type. Soil and water conservation is
another key factor for a debris flow ravine. The fine particle
content of debris flow depositional fans was determined by the
loose solid materials in the source area, such as soil landslides and
gully depositional materials. Nevertheless, the frequent floods in
the gully also carried away large amounts of fine particulate
matter. According to the classification of debris flow erosion
ability, four levels represent the condition of the debris flow
density determined by the fine particle content. Thus, the debris
flow erosion capacity can be subdivided into four levels of soil
conservation: good, quite well, ordinary, and bad. The water and
soil erosion ratio can directly reflect upon the fine soil particle
conservation. Therefore, based on the water and soil ratio and
particle distribution, we obtain the soil conservation and land-
use types given in Table 3.
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TABLE 2 The soil fertility grading and planting type.

Soil fertility X1 Organic

materials content (%)

Good >1.5
Quite well 1.1-1.5
Ordinary 0.7-1.1
Bad <0.7

TABLE 3 The soil conservation classification and land use type.

Soil conservation X2 Soil

10.3389/feart.2022.989488

Planting type

High quality cultivated land: modern agricultural planting base
Ordinary arable land: suitable for crops
Forest land: trees as walnut

Wood land: trees as shrubs

Land-use type

erosion ratio (%)

Good <25
Quite well 26-50
Ordinary 51-75
Bad >75

Engineering geological characteristics

Whether a house is safe and stable is closely related to the
quality of the foundations. Soil can be divided into many types,
such as sand, clay, boulder, and fill. In mountainous areas, debris
flow deposit fans often physically support the living and
producing platforms for local residents, and the engineering
geological characteristics of debris flow in disaster-prone areas
can directly affect local residential construction and production.
The bearing capacity of the foundation soil is one of the most
important factors because it can indicate the soil strength for
debris flow in disaster-prone land. According to the field survey
data collected in the upstream Fujiang river, the bearing capacity
of foundation soil is commonly between 100 and 260 kPa in
mountainous areas; the characteristic values of bearing capacities
for clay, silt, sand, medium sand, and coarse sand pebbles are 120,
150, 170, 260, and 350 kPa, respectively. Therefore, the land gets
its classification and construction type suggestion based on the
bearing capacity of the foundation soil grade, as seen in Table 4.

The debris flow land-use evaluation
method

Considering the land utilization factors ahead, we obtain the
three classification factors in Table 5. For their evaluation, we set
the four classification values to 4, 3, 2, and 1, respectively.

The Analytic Hierarchy Process (AHP) is a decision analysis
method that combines qualitative and quantitative methods.
Using less quantitative information makes the thinking
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Construction land
Plantation
Forestation and transportation land

Useless

process of decision making less mathematical, to provide a
simple decision-making method for multi-objective, multi-
criteria, or complex decision issues without structural
characteristics. When using the AHP to construct a system
model, the process can be divided into four steps, setting up
the hierarchy structure model, constructing a judgment matrix,
conducting a hierarchical ranking, and testing for consistency.
The debris flow land-use evaluation is the goal, and the soil
fertility, soil conservation, and engineering geological
characteristics represent the criteria for decision making.
Therefore, to obtain the weight of the debris flow evaluation

factors, matrix A is built as follows:

AW=n-W (1)

where A is the debris flow disaster land-use evaluation factor
judgment matrix, W is the determined eigenvectors of matrix A,
and #n is an eigenvalue of A. Through an analytical hierarchy
process, we obtain the sorting results, as seen in Table 6.

From Table 6, the weighting coefficients X;, X,, and X; are
obtained, which are 0.63, 0.26, and 0.11, respectively. According
to the verification of the maximum characteristic roots, we found
it found that the three weighting coefficients are reasonable.
Thus, the debris flow disaster utilization mode can be expressed
by the following formula:.

R = 0.63X,+0.26X,+0.11X;, @)

where R is the debris flow disaster-prone land-use evaluation
value.

From Eq. 2 and its factors classification, we can obtain the
three levels for the debris flow disaster potential land use. These
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TABLE 4 The engineering geological characteristics and construction type.

Engineering geological characteristics
X3

Good
Quite well
Ordinary
Bad

TABLE 5 The factors classification of land utilization.

Evaluation factors

Good
4
Soil fertility X; >1.5
Soil conservation X, <25
Engineering geological characteristics X3 >260

TABLE 6 The land utilization factors sorting and weight reference
value.

A X, X, X3 w Sorting
X, 1 3 5 0.63 1
X, 1/3 1 5/3 0.26 2
X; 1/5 3/5 1 0.11 3

\ =3.018, CI=0.009, RI=0.58, CR=0.015<0.10.

are low extent, medium extent, and high extent, respectively.
Based on the evaluation factors, the interval evaluation values are
1.00-2.00, 2.00-3.00, and 3.00-4.00, accordingly.

Results
Land use scenario

Huangjiaba is a village along the Longmen Mountain Fault. Due
to its flat depositional fans and proximity to the Jian River, many
residents currently live here. In the upstream areas of Huangjiaba,
steep gullies and drop ridges have developed, which provide powerful
topographic conditions for the confluence and movement of debris
flow. Meanwhile, numerous areas of rock fragmentation, collapse,
and landslides develop and provide enough loose solid materials for
debris flow. The symbiotic relationship between disasters and land
resources determines the debris flow depositional land utilization.
Taking the Huangjiaba village debris flows as an example, our

Frontiers in Earth Science
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Construction type

foundation soil (kPa)

Classification value

>260 Critical infrastructure
100-260 Residential construction
70-100 Affiliated facilities
<70 Useless
Quite well Ordinary Bad
3 2 1
1.1-1.5 0.7-1.1 <0.7
26-50 51-75 >75
100-260 70-100 <70

06

method divides the area by hazard assessment first, probing the
planting type by soil fertility. Then, together with engineering
characteristics and other factors, we can get the potential land-use
classification of the debris flow deposit-prone area.

Based on the debris flow disaster land-use evaluation method and
the factor classification of potential soil use, we can learn that the
entire Huangjiaba village debris flow disaster-prone areas are between
1.00 and 4.00, and each irregular district has a different R-value. Then,
together with the current land-use type, we obtain the four land-use
scenarios, R-values, and definition expressions as indicated in Table 7.

From Table 7, we see the four scenario values ranging from
1.00 to 4.00. Based on the scenario values and semi-quantitative
analysis, it can be used to obtain the land-use scenario, as shown in
Figure 2. Accordingly, the village scenario mainly focuses on the
bearing capacity of the foundation. The irregular area overlaid by
light blue includes the local, currently existing rural building area
and future potential planning construction area. The agriculture
scenario concentrates on the higher soil fertility quality, especially
the flat areas, so the area covered by pale yellow generally indicates
high soil fertility quality (such as organic matter), total phosphorus,
and total nitrogen, and the flat area on the edge of the depositional
fans, which are close to the Jian river. Soil and water conservation
scenarios are mainly related to the debris flow hazard evaluation.
The areas overlaid by light green are debris flow gullies on the
depositional fans, especially the area moved by debris flow once in a
100-years return period. As for the potential construction scenario,
those areas that show low soil fertility, but are relatively safe, are
covered by pink color. In fact, the determination of boundaries is
subject to many factors—such as rural homestead planning, soil

frontiersin.org


https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2022.989488

Yang et al.

TABLE 7 Debris flow land use scenario introduction of Huangjiaba.

Land use scenario

Village scenario
more than 100 kPa

Agriculture scenario
1.5 percent

Soil and water conservation
scenario

frequency

Potential construction
scenario

Bad soil fertility but relatively safe areas

Qualitative/semi-quantitative expression
Larger of the bearing capacity of the foundation, which is
Higher soil fertility quality, the organic matter is larger than

The area covered by a 100- year debris flow outbreak

10.3389/feart.2022.989488

Remarks R value
Including existing local building area and potential 1.00-2.00
construction area

Relatively flat and the deposit slope angle is between 50 and ~ 3.00-4.00
80 per thousandths

Planned prevention trees 2.00-3.00
Planned village road and pipeline et al 1.00-2.50

FIGURE 2
The diagram of Huangjiaba four land-use scenario.

Huangjiaba land use mode of Fujiang watershed

fertility, debris flow path, and scale—so the four scenario boundaries
in Figure 2 only show reference schematics.

The utilization advice for land use scenario

Through the land-use scenarios to be mentioned ahead, we
offer suggestions for each scenario as follows.

Village scenario: The existing building area can maintain its
original status or be reconstructed according to village space
planning. Other potential construction areas can be planned on a
reasonable basis, depending on the soil capacity of the foundation
and hazard risk assessment. Moreover, due to the low debris flow
disaster risk of damaged land and that the land-use scenario can
be flexibly planned, these regions are mainly used as resettlement
homesteads, see Figure 3A.

Agriculture scenario: Through sample tests, we conclude that
the soil fertility at the fan edge is superior, but due to its proximity
to the Jian River, there is a high flooding risk. Therefore, it is
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advisable to set the fan edge as the economic crop area. In
addition, considering the local precipitation pattern, seasonal
vegetables can be planted below the village road. On the other
areas of the fan edge, one can plant high-value economic crops
such as Ginkgo, tea trees, greenhouse vegetables, and flowers, as
seen in Figure 3B.

Soil and water conservation scenario: These areas mainly consist
of flood and debris flow movement areas. The characteristics of the
flood and debris flow hazard zone of a small watershed suggest fast-
growing trees and shrubs can be planted along the overflow side of
the ditch to enhance the resistance to disasters, while economic trees
such as walnuts and cherries can be planted near the channel side.
We took the submerged area of 100-, 50-, and 20-years occurrence
frequency as examples, correspondingly, the debris flow break-out
frequencies are 1%, 2%, and 5%, respectively. In the area covered by
1%-5% frequencies, ornamental trees can be planted, such as
Ginkgo; in the 2%-5% areas, shrubbery can be planted, such as
tea trees, and village roads set. Areas covered by 5% frequency can be
fixed as debris flow channels, see Figure 3C.
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FIGURE 3

Huangjiaba debris flow disaster land-use scenario ((A) Village scenario (B) Agriculture scenario(C) Soil and water conservation scenario (D)

Potential construction scenario).

Potential construction scenario: These areas are characterized by
serious land and water erosion, mainly involving infrastructure, such
as village roads, pipelines, factories, etc. We utilize the low soil
fertility content and gently sloping terrain, especially if the slope
angle is less than 10°, to build pig farms, chicken farms, sand mining
factories, etc. These areas can also be created into water and soil
conservation forests by a reasonable collocation of trees and shrubs,
such as planting red leafy trees, Ginkgo biloba, flowers, shrubs, and
other plants, as seen in Figure 3D.

Discussion

Characteristics of debris flow disaster-
prone areas

Debris flow fan: Debris flow deposit areas mainly consist of

loose solid materials transported from upstream areas. It is the
most important living and producing location for residents.
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Through statistical analysis of the investigation points, we can
characterize the integrity of the debris flow deposit fans, as seen
in Figure 4.

From Figure 4, the integrity of debris flow deposit fans in the
upstream Fujiang River is between 30 and 95%, with an average
value of 58%. According to these statistics, there are four types of
fan integrity in the upper Fujiang River, as seen in Table 8.

From Table 8, the low integrity of the debris flow disaster fan
is found at only one point, which accounts for 2.4% of the
42 investigated points. Median integrity fans are found at
13 points, accounting for 31.7%, high integrity fans are found
at 19 points, accounting for 46.3%, and extremely high integrity
fans are found at nine points and account for 22% of all
investigated points. Generally, the integrity type of the deposit
fans is either high or median; therefore, these areas could be used
for resident living and production places.

The distance from the river: The deposits of debris flows are
mainly from the upper watershed and the gully sides, and the
distance between the debris flow at the fan top and the main river
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The disaster fans of the Fujiang River upstream

TABLE 8 The fans integrity classification of the Fujiang River upstream.

Fan integrity ~Low Median  High  Extremely high
<25% 25-50% 51-75% >75%

Number 1 13 19 9

Percentage 2.4 31.7 46.3 22.0

could be a result of the activity intensity of the debris flow.
Figure 5 shows the statistical analysis of the distance between the
fan top and the main river.

As seen in Figure 5, the direct length from the debris flow
gully mouth to the Fujiang River is between 100 and 350 m; some
special fans even reach 700 m, such as those in disaster-prone
land, which is determined by the watershed and debris flow
activity intensity. For example, the distance value between
Huangjiaba and Shiyan reached more than 700 m. Huangjiaba
is located along the left bank of Jianjiang River, where the debris
flow area is more than 10 km®. The Longmen Mountain fault cuts
across the upstream of the Huangjiaba debris flow source area.
Due to frequent earthquake activities, the mountain surface has
become widely crushed and abundant with loose solid materials
as landslide bodies and rock falls are distributed along the gullies
and on both sides. This area also gathered more than a thousand
cubic meters of volume; this fact, together with stimulating heavy
rainfall in the Longmen Mountain area during the rainy season,
caused rainfall-type debris flow to frequently occur after the
Wenchuan earthquake. According to statistical analysis, which
lasted 5-8 years, the Huangjiaba debris flow event occurred 3 to
5 times each year, with increasingly uneven debris. The deposit
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fans formed and stabilized gradually, becoming the most
important living and production place for local residents.

Planting characteristics: Due to its special location and
complex geomorphology, only a few land types can be used
for production and living in the upstream Fujiang River basin;
thus, the debris flow deposit fans became the primary living place
under proper water and sunlight conditions in those areas.
Regarding the specification of land use in China, the Fujiang
River watershed has many landforms classified as farmland,
garden plots, woodland, grass plots, settlements, and
unutilized land. However, the high mountainous areas of the
upstream Fujiang River basin are useless for the garden plot and
settlement land types. Therefore, considering the land uses of
debris-flow deposits, they can be preliminarily divided into five
types: farmland, woodland, grassland, unutilized land, and local
settlement land.

According to the 42 investigated points, it can be statistically
determined that the main land use of debris flow deposit fans in
the upstream Fujiang River watershed are farmland, woodland,
and local settlements (including road and factory use).
Quantitatively, 415% of the
investigated points, woodland for 32.8%, local settlement for

12.1%, and other grasslands and unutilized land for 13.6%, see

farmland accounts for

Figure 6.

Regarding farmland in the deposit fans, the steep slope
generally lies upward of the deposit fan, and the gentle slope
is on the downward side close to the main river. Crops such as
corn and peanuts are often planted on steep land, some seasonal
vegetables are cultivated along the gentle slope, and economic
crops, such as Cypress and Bamboo, are planted on the sides of
the field and along both banks of the gully. Some debris flow,
disaster-prone areas that possess gentle slopes close to the
Fujiang River have already been used for building land. The
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FIGURE 6
The debris flow disaster land-use type of Fujiang River
upstream.

first choice of local inhabitants is to make good use of
depositional land. Currently, the villages of local resettlements
are distributed widely along the Fujiang River banks.
Susceptibility evaluation results: The basic characteristics of
the actual debris flow watershed could be investigated and
counted easily, including disaster type, loose solid materials
reserves, hydrodynamic condition, gully geomorphology, land
use, debris flow events, and the preliminary susceptibility
evaluation, among others. Through qualitative judgments and
semi-quantitative calculations, we can use this content to obtain
the discriminant result of the 42 debris flow disaster-prone areas;
among these, there are two high prone susceptibility sites,
28 medium prone sites, and 12 low prone sites, which
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account for 5, 67, and 29%, respectively. Therefore, it can be
concluded that the debris flow, disaster-prone areas in the
upstream Fujiang River primarily consist of medium and low
susceptibility sites. Furthermore, the high prone sites only
account for 5% of the total, which illustrates that post-
earthquake debris flow activity has gradually changed from
high susceptibility to low susceptibility to a certain extent.

Generally, current debris flow in the upstream Fujiang River
is mainly shown according to its depositional characteristics. The
integrity of the deposit fan is high, and the distance from the
Fujiang River to the fan apex is between 100 and 350 m. The
land-use types of debris flow depositional areas in the upstream
Fujiang River consist of farming, foresting, and local settlements,
which shows that the frequency of debris-flow activity in this
region is indirectly evolving from high to stable.

Impact factors

This research chose three factors related to soil, organic
materials, soil erosion ratio, and soil bearing capacity of the
foundation to evaluate the land use of debris flow disaster-prone
areas. This evaluation method can provide a beneficial reference
for land utilization in debris flow deposit-prone areas.

Many factors can affect the evaluation results, such as soil
structure, soil particle distribution, soil nutrients, and soil
pH (Zhang et 2014).
condition, and vegetation distribution are also relevant factors to

al., Geomorphology, hydrodynamic
debris flow disaster-prone land. On the one hand, the soil structure
and soil nutrients can reflect the development of the debris flow
deposit fan. On the other hand, the rush-out materials from every
debris flow event would also change the soil characteristics,
especially for those solid materials that came from the upper
watershed (Massimo et al., 2015; Zhang et al., 2015). Moreover, a
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TABLE 9 Development stages for debris flow deposit fan's usage (Tan, 2000).

Level Initial stage

Land use
scenario

vForest, animal husbandry, arable land,
farmland, fruits, and vegetables

vAquaculture industry, economic forest
land use

v/Work sheds, construction site utilization,
temporary buildings, infrastructure

few researchers have utilized a numerical comprehensive evaluation
method to evaluate the fertility level of each plot; the contribution
degree of individual fertility factors was calculated based on the
correlation of soil fertility index. Evaluation methods frequently used
by many researchers include the Fuzzy mathematical method,
cluster analysis, and principal component analysis (Huang et al.,
2010; Wu et al,, 2010). Therefore, we need to systematically consider
additional factors to evaluate debris flow disaster-prone land
utilization in future studies.

Land use scenario

Debris flow deposit fans are among the most precious land
resources in mountainous areas, especially in west China and
other mountainous countries like Japan and some European
countries. Meanwhile, the fan is the depositional place for the
debris flow activity, representing the highest risk area for debris
flow washing and flooding in the rainy season.
the
governments, making good use of debris flow fans is a key

Considering economic  development of local
factor in the near future. However, the utilization of debris
flow depositional fans comes with hazard risks. To exploit and
utilize debris flow in disaster-prone land and avoid disaster loss,
it is necessary to discuss the stratified modes of the exploitation
and utilization of the debris flow deposit fan. Through analysis of
the social economy and hazard risk extent, Tan (2000) posed a
viewpoint of the evolution of debris flow, disaster-prone land
usage, which can be divided into three stages: initial condition,
developmental, and mature (Tan, 2000), as shown in Table 9.
Table 9 clearly shows that in the initial stage, higher risk and
poorer soil properties make the debris flow deposit area most
suitable for forestry, grassland, agriculture, or other temporary
land uses such as for buildings or infrastructure. During the
development stage, because the disaster risk is smaller and the
debris flow depositional area gradually stabilizes, debris flow
deposit land can be used for roads, tourism, water conservancy,
and other development. In the mature period, large- and
medium-sized debris flow depositional areas can be used for
urban and rural construction or some other use. The tentative
model of land-use scenarios for the debris flow deposit fans is
given in Tan (2000). Furthermore, sustainable rural development
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Development stage

v Irrigation/drainage channel, electrical transmission,
communication line utilization

v Highway, roads, oil (gas) pipeline, railway wiring,
bridge, and culvert project utilization

/Tourism, leisure, residential, and tourism
development use

1

Mature stage

/Station setting, township-level town
construction, and utilization development

vIndustrial and mining areas, county-level town
construction, military facilities

v Comprehensive construction and utilization of
medium and large cities

also requires exploring and establishing appropriate criteria for
evaluation and investigation.

Local village revitalization practices need to consider both
environmental protection and regional security. In addition,
relevant regulations should be established to strengthen the
of debris
development, and appropriate regulators are needed to

planning and management flow land wuse
supervise and manage debris flow disaster land use (Loschner
and Nordbeck, 2020; Zhou et al., 2020). In the meantime, for
lands suitable for agricultural and aquaculture development, local
government and agencies should strengthen professional
knowledge training and reinforce relevant knowledge by
offering technical support (He et al, 2020). Regarding the
debris flow disaster-prone land utilization measures, local
governments first need to require evaluations of the hazard.
Different catchments need to be treated accordingly upon
considering variations in soil fertility and other factors. In
future work, we need to systematically consider more factors

to evaluate debris flow disaster-prone land utilization.

Conclusion

This study has taken a debris flow deposit-prone area of the
upstream Fujiang River as its research target, carried out a field
investigation and interviews with residents.

To characterize the debris flow disaster-prone area background
of the upstream Fujiang River, we first chose the soil fertility quality,
soil particle conservation, and engineering condition from other
factors. Then based on the grading of these three factors, we
obtained the planting type based on soil fertility/quality, land-use
type based on soil conservation, and construction type based on the
engineering geological characteristics. According to the grading
value of each factor, we obtained the debris flow disaster-prone
land-use evaluation R-value based on the hierarchy analytic process
method. The evaluation formula can obtain the debris flow disaster
potential land use in the low, medium, and high extent levels; the
interval evaluation values are 1.00-2.00, 2.00-3.00, and 3.00-4.00,
respectively.

We obtained four land-use scenarios by the Huangjiaba
debris flow disaster-prone area as an example. The value of
the four scenarios are calculated between 1.00 and 4.00, regarding
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each land-use scenario and R-value, we offer utilization advice for
each land scenario. The village scenario needs to refer to the
village space planning and risk assessment protocols, the
agriculture scenario can be used in the high soil fertility area,
the soil and water conservation scenario is affected by debris flow
and floods, so fast-growing trees and shrubs can be planted along
the overflow side of the ditch, and the potential construction
scenario is best suited for infrastructure because of its low soil
fertility, which can help in rural space planning for the local
government in advance.

According to the 42 debris flow deposit fans along the
Fujiang Riverbank. It show that the developmental tendencies
of the debris flow disaster areas appear to deposit recently, the
average distance from the gully outlet to the Fujiang River is
between 100 and 350 m, which is affected by watershed and
debris flow activity intensity. Further studies still need to
systematically consider more factors to evaluate debris flow
and disaster-prone land utilization, which can provide a
reference for the rural space planning for the local government.
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