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Abstract: Geographically explicit historical land use and land cover datasets are increasingly
required in studies of climatic and ecological effects of human activities. In this study, using
historical population data as a proxy, the provincial cropland areas of Qinghai province and
the Tibet Autonomous Region (TAR) for 1900, 1930, and 1950 were estimated. The cropland
areas of Qinghai and the TAR for 1980 and 2000 were obtained from published statistical data
with revisions. Using a land suitability for cultivation model, the provincial cropland areas for
the 20th century were converted into crop cover datasets with a resolution of 1 x 1 km. Finally,
changes of sediment retention due to crop cover change were assessed using the sediment
delivery ratio module of the Integrated Valuation of Ecosystem Services and Trade-offs (In-
VEST) model (version 3.3.1). There were two main results. (1) For 1950-1980 the fractional
cropland area increased from 0.32% to 0.48% and land use clearly intensified in the Tibetan
Plateau (TP), especially in the Yellow River-Huangshui River Valley (YHRV) and the mid-
stream of the Yarlung Zangbo River and its two tributaries valley (YRTT). For other periods of
the 20th century, stability was the main trend. (2) For 1950-1980, sediment export increased
rapidly in the Minhe autonomous county of the YHRYV, and in the Nianchu River and Lhasa
River basins of the YRTT, which means that sediment retention clearly decreased in these
regions over this period. The results of this assessment provide scientific support for con-
servation planning, development planning, or restoration activities.
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1 Introduction

Human land use activities have dramatically altered the Earth’s surface, with serious conse-
quences for environmental systems (Ellis et al., 2013; Foley et al., 2005; Future Earth, 2014).
Many studies have undertaken historical land use and cover change (LUCC) reconstructions
to consider historical LUCC effects (De Brue and Verstraeten, 2014; Gaillard et al., 2010;
Sturck et al., 2015; Zorrilla-Miras et al., 2014). An understanding of anthropogenic land use
activities and their ecological effects over long time periods will enable us to better manage
human-nature relationships and provide governments with more scientific support when de-
ciding on sustainable development policies.

In the historical LUCC reconstruction field, there are many representative historical land
use datasets, including the History Database of the Global Environment (HYDE) (Klein
Goldewijk et al., 2011), global land use dataset of the Center for Sustainability and the
Global Environment (SAGE) (Ramankutty and Foley, 1999), and Kaplan and Krumhardt
(KK10) dataset (Kaplan et al., 2011). These datasets have been widely used to assess the
effects of land use change on climate change and ecosystem services over long time periods
(Jantz et al., 2015; Simmons and Matthews, 2016; Smith ez al., 2016). The reconstruction
methods used to develop these datasets have been followed and revised by many regional
studies (Dias et al., 2016; He ef al., 2015; Jin et al., 2016; Leite et al., 2012; Li et al., 2016;
Yang et al., 2016).

Although these studies have made substantial contributions to our understanding, there is
still much to learn (Klein Goldewijk and Verburg, 2013; Miao et al., 2013; Miao et al.,
2016). For example, the spatial and temporal resolutions of these datasets are coarse, which
reduce their potential for application in the assessment of ecological effects (De Brue and
Verstraeten, 2014). Some studies have indicated that these datasets have captured the general
patterns of cropland change over history, and should only be used for continental-to-global
scale analysis and modeling (He et al., 2013; Li et al., 2010; Zhang et al., 2013). As a result,
many regional to local scale reconstructions have been conducted (Wei et al., 2016; Ye et al.,
2009; Ye et al., 2015).

As the highest and most extensive highland in the world, the Tibetan Plateau (TP) has a
distinct natural environment (Zhang et al., 2002), with a global impact. Many major Asian
rivers originate from this region, providing water for nearly 40% of the world’s population.
It is also a global hotspot for biodiversity conservation. It is widely acknowledged that en-
vironmental conditions in the region have changed significantly in the last century due to
climate change and human activities, including a loss of biodiversity (Newbold et al., 2015),
grassland degradation (Lehnert et al., 2016; Sun et al., 2012), and a decrease in water supply
(Pan et al., 2015). Consequently, environmental changes in the TP have generated great pub-
lic and scientific interest in recent years. However, most land use and cover related studies in
the TP only cover the period since the 1970s when satellite-based data is available (Cui and
Graf, 2009). There are few historical reconstruction studies because historical records are
difficult to obtain and interpret, with only a few initial studies available (Li ef al., 2015; Luo
et al., 2014; Ryavec, 2001; Wang et al., 2015). There have also been few studies concerning
the effects of historical crop cover changes on ecosystem services in this remote region of
China.
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Therefore, the objectives of this study were to reconstruct crop cover over the 20th cen-
tury and assess the effects of crop cover change on sediment retention services in the TP.
Based on historical population data and cropland statistical data, the provincial cropland area
of Qinghai and the Tibet Autonomous Region (TAR) for 1900, 1930, 1950, 1980, and 2000
was estimated, and then allocated into 1 x 1 km grid cells using a land suitability for cultiva-
tion model. We then used the Integrated Valuation of Ecosystem Services and Trade-offs
(InVEST) model to assess the effects of crop cover change on sediment retention services
for 1900-2000. Finally, we considered the uncertainties and prospects of this study.

2 Study area

Because population and cropland area data for the TP are political region-based data, so the
administrative-level TP, i.e., Qinghai province and the TAR, are selected as the study area
(Figure 1). The land area of the two provinces is 122.84 x 10* and 72.10 x 10* km®, respec-
tively. Most regions of the two provinces are covered by alpine meadows and alpine grass-
land ecosystems. There is little cropland area, which is mainly distributed in the Yellow
River-Huangshui River Valley (YHRV) of Qinghai province, and the midstream of the Yar-
lung Zangbo River and its two tributaries valley (YRTT: the two tributaries are the Lhasa
and the Nianchu rivers) of the TAR. Based on China’s Land-Use/cover Datasets (CLUDs) in
2010, the cropland area of the two provinces was determined to be about 0.30% and 0.85%
respectively (Liu et al., 2014b).
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Figure 1 Location of the study area. The two red polygons are the main crop distribution areas in the Tibetan
Plateau (TP). The right-top polygon is the Yellow-Huangshui River valley (YHRV), and the middle-bottom poly-
gon is the midstream Yarlung Zangbo River and its two tributaries valley in Tibet Autonomous Region (YRTT).

In this study, following the method of Li et al. (2015), the crop cover of the TP for 1900,
1930, 1950, 1980, and 2000 was reconstructed and their effects on sediment retention ser-
vices were assessed based on the InVEST model, by focusing on two typical regions: the
YHRV and YRTT.
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3 Data and methods
3.1 Estimation of cropland area

Utilizing the method of Li et al. (2015), the cropland area of Qinghai province and the TAR
over the 20th century was estimated. In brief, for 1900, 1930, and 1950, the cropland area
was estimated based on the assumption that the per capita cropland area remained constant
for the first half of the 20th century. The per capita cropland area of 1953 was determined
from cropland area records and a yield inventory (Feng et al., 2005), and historical popula-
tion data were obtained from Cao and Ge (2001) (Table 1). For 1980, it is believed that the
statistical cropland area data was underestimated (Frolking et al., 2002; Liu et al., 2005),
and therefore revision was done employing grain yields (Feng et al., 2005). For 2000, exist-
ing statistical cropland area data was used.

Table 1 Population of Qinghai province and the Tibet Autonomous Region (TAR) for 1880, 1910, and 1953
(Cao and Ge, 2001) (10* person)

Province name 1880 1910 1953
Qinghai province 32.9 344 36.7
Tibet Autonomous Region 127 131.2 137.4

3.2 Crop cover reconstruction

The provincial cropland area cannot be used directly by ecological models. Therefore, the
provincial cropland areas were converted into geographically explicit cropland datasets fol-
lowing the model developed by Li et al. (2015). In general, the model consists of the fol-
lowing three steps.

(1) Normalization of land suitability for cultivation factors, including altitude and slope,
using Egs. (1) and (2):

D/(ick,)= Maxg\fa(;[];g:))](lk) n
5 (ik,) = gia(;[k Szl];s)ﬁlk) 2)

where D'(i, k,) represents the altitude-related cultivation suitability of grid i in province £,
D(i, k,) represents the altitude of grid i in province k,, S'(i, k,) represents slope-related cul-
tivation suitability of gird i in province k,, and S(i, k,) represents the slope of grid 7 in prov-
ince k,.

(2) Calculation of the suitability of land for cultivation, using Eq. (3):

Woir G ley) = D (i, ) < S (6, K, ) X Wy (0K, ) €)

where Wy.(i, k,) denotes the suitability of land for cultivation of grid i in province k,, and
Werop(i, ks) denotes the potential maximum extent of cropland, which was acquired using
satellite-based crop cover data (Liu ef al., 2014b).

(3) Allocation of the provincial cropland area into 1 x 1 km grids, using Eq. (4):
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I/Vsuit (l’ kn )
k,

2 I/Vsuit (l’ kn )

where Crop(i, t) is the cropland area of grid i in year ¢, area(k,, t) is the cropland area of
province k, in year ¢, and gridarea(i) is the land area of each grid.

Crop(i,t) = area(k,,t)x gridarea(i) 4)

3.3 Assessment of changes in sediment retention

The crop cover datasets were used to assess the effects of crop cover change on changes in
sediment retention services, focusing on the YHRV and YRTT areas. The InVEST model,
which was developed by the Natural Capital Project to quantify and map the values of eco-
system services, was used in this study (Sharp et al., 2015).

The InVEST model is geographically explicit, using maps as inputs and producing maps
as outputs. It returns results in either biophysical or economic terms. Due to its openness, it
has been used widely by many studies and great results have been obtained (Fu et al., 2014;
Hamel et al., 2015; Nelson et al., 2009; Posner et al., 2016; Su and Fu, 2013).

InVEST usually utilizes a production function to quantify and value ecosystem services.
In this study, the InVEST model (version 3.3.1) sediment delivery ratio module was used to
assess the influence of crop cover change on sediment retention services. Erosion and sedi-
ment retention are natural processes that govern the sediment concentration in streams.
Sediment dynamics are mainly determined by climate conditions (especially the rainfall in-
tensity), soil properties, topography, land cover, and human activities. Changes in land use
and land management practices may dramatically modify the amount of sediment running
off a catchment. The sediment delivery module is a geographically explicit model working
at the spatial resolution of the input digital elevation model (DEM). For each cell, the model
first computes the amount of eroded sediment, then the sediment delivery ratio (SDR),
which is the proportion of soil loss actually reaching the catchment outlet.

The amount of annual soil loss for pixel i is given by the revised universal soil loss equa-
tion:

usle =R -K,-LS,-C.-P (5)
where usle; denotes the amount of annual soil loss (ton - ha'! yr'l), R; denotes the rainfall ero-
sivity (MJ-mm(ha-hr) "), K; denotes the soil erodibility (fon- ha-hr(MJ-ha-mm)™"), LS;
denotes the slope length-gradient factor, C; denotes the crop-management factor, and P; de-
notes the support practice factor (Renard et al., 1997). The descriptions and sources of the
inputs used in the InNVEST model in this study are listed in Table 2.

The crop cover datasets reconstructed in this study were in a fractional format, whereas
the land use/cover data required by the InVEST model needs to be in a binary format.
Therefore, a transformation was performed. If the percentage of crop area in one grid was
not less than 50%, it was classified as crop. Otherwise, the grid was classified as other land
use/cover types. A natural vegetation map was used to represent the vegetation types before
human disturbances. It should be noted that rainfall erosivity was static in this study because
of the lack of geographically explicit climate change data with a high resolution.

The support practice factor, P, accounts for the effects of contour plowing, strip-cropping,
or terracing relative to straight-row farming up and down the slope. The cover-management
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factor, C, accounts for the specified crop and management required relative to the tillage of
fallow land. The explicit values of these parameters for the study area were obtained from
the Revised Universal Soil Loss Equation (RUSLE) handbook (Renard ef al., 1997) and re-
lated studies (Wang et al., 2004) in the TP (Table 3).

Table 2 Inputs to the sediment delivery ratio module of the Integrated Valuation of Ecosystem Services and
Trade-offs (InVEST) model (version 3.3.1) and data sources

Input Descriptions Data sources

Digital . . . .

clevation Digital .elevatlon model, reflecting topography Geospatial data cloud

model (DEM) properties (http://www.gscloud.cn/)
Rainfall erosivity index, reflecting climate prop- Natl_onal' carth system science data

R erties sharing infrastructure

(http://www.geodata.cn/)

K Soil erodibility index, reflecting soil properties Liu et al., 2014a

Watersheds A shapefile of polygons. The calculation is also Institute of Geography, Chinese
at watershed scale Academy of Sciences, 1997
P is the support practice factor and C is RUSLE handbook (Renard et al.,

Pand C crop-management factor, reflecting vegetation 1997) and the TP related studies
and anthropogenic factors (Wang et al., 2004)

Threshold flow The number of upstream cells that must flow into

. L. . Default

accumulation a cell before it is considered part of a stream
Calibration parameters that determine the shape

ky, and 1C, of the relationship between hydrologic connec- Default
tivity and the SDR

SDR,.. The maximum sediment delivery ratio (SDR) Default

that a pixel can reach

Table 3 Biophysical values of the cover-management factor C and support practice factor P

Land use/ cover categories Cover-management factor C Support practice factor P

Cropland 0.3 0.4

Forestland 0.003 0.2

Shrubland 0.02 0.2

Grassland 0.01 0.25

Waterbody 0 0

Snow 0 0.001
Wetland 0 0.001
Built-ups 0 0.001

Unused land 1 0.01

4 Results

4.1 Provincial cropland area changes for 1900-2000

The changes of fractional cropland area (FCA) of Qinghai province, the TAR, and the whole
study area for 1900-2000 can be divided into three phases: a slow increase phase during
1900-1950, a rapid increase phase during 1950-1980, and an overall steady phase during
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1980-2000 (Table 4).

Table 4 Cropland area in the Tibetan Plateau (TP) for 1900-2000. (Units: km?.)

Province 1900 1930 1950 1980 2000
Qinghai 4272 (0.597) 4497 (0.628) 4527 (0.632) 6850 (0.957) 6875 (0.960)
Tibet Autonomous Region 1510 (0.126) 1590 (0.132) 1620 (0.135)  2350(0.196) 2308 (0.192)
Entire study area 5782(0.301) 6087 (0.317)  6147(0.320) 9200 (0.479) 9183 (0.478)

Note: The fractional cropland area (FCA) is provided in the brackets (%).

During 1900-1950, the FCA of the whole study area increased from 0.301% to 0.320%,
which is a very slow increase. During 1950-1980, the cropland area of the TP increased
rapidly compared with 1900-1950 and the FCA increased from 0.320% to 0.479% (Table 4),
which can be attributed to a population increase and the reclamation activities of the Jiang
Jieshi and Ma Bufang regimes. For the last two decades, the FCA of the whole study area
remained stable. Similar cropland area increase patterns can be detected for Qinghai prov-
ince and the TAR over the 20th century.

4.2 Crop cover changes for 1900-2000

Crop cover in the TP for 1900, 1930, 1950, 1980, and 2000 is shown in Figure 2, with a par-
ticular focus on the YHRV and YRTT regions. It can be seen that land use activities intensi-
fied greatly in the YHRV and YRTT regions over the 20th century. Cropland expansion can
be detected in the TP, but it was not obvious in the two selected regions because there has
been human occupation of both regions since BP 3600 (Chen et a/., 2015), with wide spread
cultivation even in the 18th—19th centuries (Luo et al., 2014; Ryavec, 2001; Wang et al.,
2015).

In 1900, the cropland was mainly distributed in the YHRYV, especially in the Huangshui
River Valley. While in the YRTT, the fractional cropland area of most grids was less than
10%. Two decades later, the spatial pattern of crop cover was basically the same as in 1900.
By 1950, the land use had intensified slightly compared with the situation in 1900. The frac-
tional cropland area of most grids with a value of 1%—-10% in 1900 increased to 11%—20%
in 1950, especially in the YHRV. Overall, the spatial pattern of crop cover in the TP for
1900-1950 remained stable, while land use intensified slightly.

During 1950-1980, the land use intensified substantially in both the YHRV and YRTT.
The fractional cropland area of most grids increased by more than 10%, and in the YHRV
and the YRTT the maximum values of the increase were 34% and 59%, respectively. The
most intensified regions in the YHRV were the Huangshui River, the Datong River, and the
Yellow River valleys. The most intensified regions in the YRTT were the Nianchu River and
the Lhasa River valleys. It can also be seen that close to the main streams, there was a
greater rate of increase.

In the last 20 years of the 20th century, the spatial pattern remained basically stable be-
cause of the ecological protection policies implemented by the government.

4.3 Sediment retention changes during 1900-2000

The sediment export induced by crop cover changes in the YHRV was generally low during
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1900-2000 (Figure 3, Nos. al—a5). The sediment export value of most grids were less than
11 ton/ha. Grids with relatively high values were only scattered in the Datong River and
Huangshui River basins.

(a) 1900 (b) 1930

Fractional cropland area (%)
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Figure 2 Crop cover of Qinghai Province and the Tibet Autonomous Region (TAR) with a resolution of 1 x 1
km for 1900, 1930, 1950, 1980, and 2000. The right subfigure is the Yellow River—Huangshui River Valley
(YHRV) and the bottom subfigure is Yarlung Zangbo River and its two tributaries valley (YRTT).

In terms of the changes in sediment export over time, three stages were identified: a slight
increase stage during 1900-1950, a rapid increase stage during 1950-1980, and a stable
stage during 1980-2000. In the first stage, sediment export increased slightly and its spatial
pattern remained stable over the first half of the 20th century. During 19501980, sediment
export clearly increased, especially in Minhe autonomous county, with the amount in most
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grids increasing from less than 46 to 46—116 ton/ha and then further increasing to 116-235
ton/ha. This increase was also detected in the middle reaches of the Datong River and
Huangshui River basins. Over the last two decades, the value and spatial pattern of sediment
exports remained approximately stable.

An increase in sediment export means a decrease in sediment retention services. In this
study, the rainfall erosivity index was static, therefore any changes in sediment retention
services could only result from changes in crop cover. During 1950-1980, the increase in the
population and the intensification of land use activities led to a decrease in sediment reten-
tion services.

(al) 1900 (a2) 1930 (a3) 1950
0 501c-! 0 501«.! 0 sokm!

(a4) 1980 (a5) 2000
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Figure 3 Sediment export induced by crop cover change in the Yellow River—Huangshui River Valley (YHRV)
(Nos. al—a5) and Yarlung Zangbo River and its two tributaries valley (YRTT) (Nos. b1-b5) for 1900, 1930, 1950,
1980, and 2000
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It can be seen from the spatial patterns of sediment export in the YRTT that the sediment
export north of the Yarlung Zangbo River was greater than the amount exported south of the
river, especially in the Lhasa River valley, Nanmulin County, and Xietongmen County in the
upper reaches of the Yarlung Zangbo River (Figure 3, Nos. b1-b5). During 1900-1950,
sediment export increased slightly in the YRTT, with a similar change also observed in the
YHRV. Subsequently, during 1950-1980, sediment export increased in regions where crop-
land increased, including the Nianchu River and the Lhasa River basins. In the Nianchu
River basin, the sediment export increased from 0-3 ton/ha (4-9 ton/ha) to 25-36 ton/ha
(37-735 ton/ha). In other words, the sediment retention services in the Nianchu River basin
clearly decreased during 1950-1980. For other regions in the YRTT, no obvious changes
were detected because changes in crop cover in these regions were not apparent. The spatial
patterns of sediment export remained roughly stable during 1980-2000 in the YRTT.

5 Discussion

In this study, using a land suitability for cultivation model, the crop cover of the TP during
the 20th century was reconstructed. Then, using the InVEST model (version 3.3.1) sediment
delivery ratio module, the sediment retention services of the TP were assessed, with a focus
on the YHRV and YRTT. We first compared our historical crop cover datasets with previous
studies, and then the uncertainties and prospects were analyzed.

5.1 Comparisons with previous studies

Using a land suitability for cultivation model, Li et al. (2016) reconstructed the crop cover
of China over the past 300 years at a resolution of 10 x 10 km. With some revisions to this
method, Luo et al. (2014) reconstructed the crop cover of the YHRV in 1726 at a resolution
of 2 x 2 km. In this study, we simplified the land suitability for cultivation model and im-
proved the resolution of reconstruction. To evaluate the advances we made and the uncer-
tainties of our study, we compared our results with those of Luo er al. (2014) and Li ef al.
(2016) respectively (Figure 4).
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Figure 4 Comparison of spatial patterns among three datasets. (a) This study with a 1 x 1 km resolution; (b)
Luo et al. (2014) with a 2 x 2 km resolution; (c) Li et al. (2016) with a 10 x 10 km resolution
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Overall, the spatial patterns of the three studies were similar. All of them showed that
cropland was mainly distributed in the Huangshui River, the Yellow River, and the Datong
River basins (Figure 4). However, a closer examination indicated some discrepancies. For
example, a lower land use intensity in the Yellow River and the Datong River basins was
reported by Li et al. (2016) than the intensity found in the present study and in Luo et al.
(2014). Further comparisons were therefore necessary. However, the resolutions and time
periods of the three studies were different, so a pixel to pixel quantitative comparison was
not possible. Therefore, we calculated the percentage cropland area in each elevation and
slope interval for the three datasets and made an approximate comparison (Table 5).

It can be seen that the results of this study were basically consistent with those in datasets
of Luo et al. (2014) and Li ef al. (2016). Among the three datasets, the percentage cropland
area was similar at each slope or elevation interval. Cropland was mainly distributed in re-
gions with a slope within the intervals of <2°, 2°-6°, and 6°-15°, and in regions with an
elevation ranging from 2—3 km. Regardless of elevation or slope, the percentage cropland
area in each interval in this study and Luo ef al. (2014) was similar. This may be because the
spatial scale of the Li et al. (2016) dataset was 10 km, which is very coarse compared with
the 1 km dataset used in this study and the 2 km dataset used in Luo ef al. (2014). As a na-
tional scale dataset, Li et al. (2016) paid more attention to national than local scale recon-
struction.

In terms of the model factors and inputs (Table 5), only two factors were considered in
this study, whereas in the models used by Luo et al. (2014) and Li et al. (2016), four and
three factors were used, respectively. As the third pole of the world, the TP is a remote re-
gion of China and there is limited geographical data available. Historical population and
climate data in a geographically explicit format are difficult to obtain, which limits the ap-
plication of models of Luo et al. (2014) and Li et al. (2016). The input cropland area of the
present study was at the provincial level, whereas in Luo et al. (2014) a county level input
was used. Therefore, the simplified model used in this study has a broader potential for ap-
plication in the TP.

Table 5 A comparison of the inputs, methods, and results among the three datasets

Reconstruction  Resolution Factors Resolution The percentage crop-

of input considered Th‘e percentage S:ropland f % land area in each cleva-
in each slope interval (°) L
tion interval (km)

<2 2-6  6-15 >15 <2 2-3 34 >4

This study Province Elevation, slope 1 km 241 607 150 0.1 83 792 125 0.0

Elevation, slope, 2km 230 621 148 02 32 856 112 0.0

Luo et al. (2014)  County climate, population

Elevation, slope,

. 10 km 144 59.0 263 04 55 69.7 241 038
climate

Lietal. (2016)  Province

5.2 Uncertainties and prospects

Studies concerning LUCC and its long term ecological effects in the TP are rare. Therefore,
we reconstructed the crop cover of the TP for 1900-2000 and assessed its effects on sedi-
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ment retention services, which represents pioneering work in this field. The uncertainties
and future prospects of this work have also been considered. First, because of the scarcity of
information, an assumption that the per capita cropland area was constant was applied to the
estimation of cropland area in the first half of the 20th century. Because agricultural tech-
nology has slowly improved over time, this assumption may have underestimated the crop-
land area, especially for the earlier part of the century. Thus, a reconstruction of cropland
area in the TP that is based on historical documents is needed in future studies. Second, cli-
mate change was not considered in the land suitability for cultivation model used in this
study due to the unavailability of spatially explicit climate data. However, over the past one
hundred years, the climate has clearly changed in the TP (Liu and Chen, 2000). Thus, better
crop cover datasets of the TP need to be obtained if this factor is considered in subsequent
allocation models.

The sediment delivery ratio module of the InNVEST model relies on the universal soil loss
equation, which represents rill-inter-rill erosion only. While this feature is common to many
models of land use management, three other sources of sediment may contribute to the total
sediment budget: gully erosion, stream bank erosion, and mass erosion (de Vente et al.,
2013). Therefore, the sediment yield predicted by the model is less than the observations in
some places and this needs to be taken into consideration in different decision-making con-
texts.

Because the resources needed to conduct model calibration and testing are scare, the
sediment results used in this study were not calibrated. Without calibration, the InVEST
sediment model still provides relevant information for the assessment of ecosystem services,
especially in the context of decisions that involve the ranking of sediment export areas, such
as the spatial prioritization of conservation, development or restoration activities, and taking
into account non-linear sediment responses to changes in land use.

6 Conclusions

The cropland areas of Qinghai province and the TAR for 1900, 1930, 1950, 1980, and 2000
were estimated. Using a land suitability for cultivation model, we then allocated provincial
cropland areas into grids with a size of 1 x 1 km. Finally, the influence of land use changes
on sediment retention services were then assessed using the InVEST model. The major con-
clusions were as follows. Over the 20th century, the cropland area clearly increased, and
land use activities intensified substantially in the YHRV and YRTT of the TP during
1950-1980. For other periods of the century, the cropland area and crop cover have re-
mained relatively stable. Under the influence of changes in crop cover, sediment export has
increased rapidly in Minhe autonomous county of the YHRV and in the Nianchu River and
Lhasa River basins of the YRTT. The sediment retention services have clearly decreased in
these regions during 1950-1980 because of changes in crop cover.

Comparisons with previous studies indicated that the reconstructed crop cover datasets
used in this study are reasonable and the simplified model used in this study has a broader
potential application in the TP. Our results will be of use to decision makers for conservation
planning in these sensitive regions of the Earth.
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