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We developed a multi-layer soil particle-size distribution dataset (sand, silt and clay content), based on USDA
(United States Department of Agriculture) standard for regional land and climate modelling in China. The
1:1,000,000 scale soil map of China and 8595 soil profiles from the Second National Soil Survey served as the
starting point for this work. We reclassified the inconsistent soil profiles into the proper soil type of the map as
much as possible because the soil classification names of the map units and profiles were not quite the same.
The sand, silt and clay maps were derived using the polygon linkage method, which linked soil profiles and
map polygons considering the distance between them, the sample sizes of the profiles, and soil classification
information. For comparison, a soil type linkage was also generated by linking the map units and soil profiles
with the same soil type. The quality of the derived soil fractions was reliable. Overall, the map polygon linkage
offered better results than the soil type linkage or the Harmonized World Soil Database. The dataset, with a 1-
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km resolution, can be applied to land and climate modelling at a regional scale.
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1. Introduction

Particle-size distribution (PSD) is a basic physical property of soils
that affects many important soil attributes. The PSDs of soils have
been widely used for estimating various soil hydraulic properties
(Arya and Paris, 1981; Haverkamp and Parlange, 1986; Minasny and
McBratney, 2007).The percentage of sand, silt and clay within a soil
profile is frequently required to describe the physical processes in soil
by land and climate models at regional and global scales (Dickinson
etal., 1993; Dai, 2003; Sitch et al., 2003; Gassman et al., 2007). Despite
the importance of having proper soil properties for use in these
models, there is a dearth of spatial information on the physical and
hydraulic properties of soil, especially for China. Webb et al. (1993)
produced a global dataset for the top and bottom soil depths, witha 1°
by 1° spatial resolution, that included the percentages of sand, silt and
clay of individual soil horizons for 106 soil types by combining the Soil
Map of the World of FAO-UNESCO (Food and Agriculture Organization
of the United Nations/United Nations Educational, Scientific and
Cultural Organization) with the World Soil Data File of Zobler (1986).
Miller and White (1998) developed the CONUS-SOIL dataset, which
includes the sand and clay fractions for 11 standard layers. Reynolds
et al. (2000) produced the FAO-UNESCO global 5-minute distributions
of the sand and clay fractions for two layers (0-30 and 30-100 cm).
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Batjes (2006)derived soil properties for the 106 soil units shown on
the Soil Map of the World for fixed depth intervals of 20 cm up to a
depth of 100 cm. Dijkshoorn et al. (2008) developed a soil and terrain
database at a scale of 1:1,000,000 for China with 1430 profiles (Zhang
and Zhao, 2008). While FAO et al. (2009) used the 1:100,000 scale soil
map of China and soil profiles from the World Inventory of Soil
Emission Potential (WISE), which included only 61 profiles from
China, to develop the Harmonized World Soil Database (HWSD), they
indicated a need for more soil profiles from China. The existing soil
datasets are based on limited profile data and a coarse resolution of
spatial data; therefore, they cannot satisfy the requirements of
regional modelling for China. Thus, it remains crucial to update and
expand soil PSD databases that are specifically designed for modelling
applications.

The goal of this study is to develop a practical 1-km resolution
dataset of particle-size distribution of soil for China that is suitable for
regional land and climate modelling.

2. Data and methods
2.1. Data source and preparation

The 1:1,000,000 soil map of China was compiled by the Institute of
Soil Science, Chinese Academy of Sciences (Shi et al., 2004) based on
the results of the Second National Soil Survey of China. This map is the
most detailed soil map in China at the national scale. It is classified
using the Genetic Soil Classification of China (GSCC), which includes
12 orders, 61 great groups, 235 sub-great groups, and 909 families.
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There are 94,303 map polygons in the map, including 85,257 soil map
polygons and 9046 non-soil map polygons. More than half of the soil
map polygons are at the sub-great group level, and the others are at
the great group or family level (Table 1). The latitude and longitude of
the centres of the map polygons were extracted from the coverage file
using GIS tools.

The soil profiles were from the Chinese soil profile database, which
was also established using the results of the Second National Soil
Survey of China conducted in the 1980s. It contains data for 33,039
soil layers representing 8979 profiles. The data were published by the
National Soil Survey Office (1993a, b, 1994, 19954, b, 1996), provincial
soil survey offices and the soil survey offices of some Tibetan counties.
However, PSD data are not always available for each layer. Thus, the
number of samples varies with soil type and depth. Fine size fractions
were determined using the hydrometre or pipette method, whereas
coarse size fractions were obtained through sieving (National Soil
Survey Office, 1992). Particle-size fraction data were classified by
several schemes including the ISSS (International Society of Soil
Science) and Katschinski's schemes. For modelling purposes, these
particle-size data were converted to the FAO-USDA (United States
Department of Agriculture) System (Shangguan and Dai, 2009;
Shangguan and Dai, 2010).

The latitude and longitude of the soil profiles were derived at
different levels of spatial precision from their geographic location
descriptions. The spatial precision of profile locations was broken
down into three classifications: A, B and C, which had errors below
15 km, between 15 km and 60 km, and above 60 km, respectively.

The soil classification system used for the aforementioned soil
profiles and soil map was the GSCC. However, there are some
inconsistencies: there were profiles with a classification at a specific
soil type level (e.g., soil family) that had no corresponding map unit of
the same type level, and vice versa; different names were used for the
same soil type. The inconsistent soil profiles were reclassified into the
proper soil type from the soil map at different soil type level (i.e., great
group, sub-great group or family). Basically, soil type names were
modified in light of the principle of approximation of naming and use of
bynames for soils. For example, ‘ploughed diluvium sandy thin meadow
soil’ was modified as ‘sandy thin meadow soil’. For soil map units with
parent material information, the parent material of the corresponding
soil profile was also used to modify the soil type names.

The PSD data were interpolated to 2 and 11 standard layers by a
depth-weighted method for their convenience of use in land and
climate models (Reynolds et al., 2000). Many grid-based models are
designed as equal-compartment layers (Dickinson et al., 1993; Dai,
2003). However, the great range and diversity of soil profile layer
thicknesses make them inconvenient to use in these models without
additional analyses. The 2 layers were the topsoil (0-30 cm) and
subsoil (30-100 cm), and the 11 layers were the same as the CONUS-
SOIL dataset standard, which retains a better vertical variation(Miller
and White, 1998). For brevity, only the 2-layer dataset is shown in this
paper because it is easier to compare with other datasets.

Soil profiles without PSD data or consistent soil classification
information were excluded, leaving 8595 soil profiles from which to
derive sand, silt and clay maps by a linkage method.

Table 1
Numbers of different soil type level of linkage at different soil type level of map
polygons.

Soil type level Soil type level of linkage

of map Family Sub-great group Great group Subtotal
polygons

Family 20,161 4575 5 24,741
Sub-great group - 42,815 489 43,304
Great group - - 13,812 13,812
Subtotal 20,161 47,390 14,306 81,857

2.2. Methods

2.2.1. Existing linkage method and problems

In previous studies, the linkage method has usually been accomplished
by linking soil map units and profiles following the so-called taxotransfer
rules (Reynolds et al., 2000; Batjes, 2003; FAO et al.,, 2009). We called this
method the soil type linkage. Soil type linkage gave soil parametre
estimates by soil units for each soil layer, usually with reference to a soil's
textural class. The variation in soil properties across different map
polygons of the same soil type that actually existed was not considered.

2.2.2. Polygon linkage method

2.2.2.1. Basic Idea. In this study, a method of linking soil profiles to
individual polygons instead of map units was developed. In order to
preserve the spatial variation in soil properties as much as possible, two
aspects other than the soil classification information were taken into
account (i.e., the sample sizes of profiles and the distances between soil
polygons and profiles). The distance was used to determine the order of
priority of soil profiles to link to a map polygon. The likelihood of linkage
decreased as distance increased, and the variation of soil properties
among polygons of the same soil type was retained. The possible effects
of regional variation in environmental factors (e.g., climate and
vegetation) were also implicitly considered.

To represent a map polygon, a minimum sample size of soil was
needed. Scholes et al. (1995) insisted that at least 30 pedons per soil
unit were necessary to provide adequate representation for the 106
soil units of the Soil Map of the World at a 1:5,000,000 scale. For the
Soils and Terrain Database (SOTER), each soil component of a map
unit was characterised by a typical soil profile (Batjes et al., 2007). In
order to fill in the gaps in the primary SOTER database, Batjes (2003)
performed a taxotransfer scheme using the median of more than 5
profiles for the considered combination of FAO soil unit (or soil
grouping), attribute, depth zone and soil texture class. Map units with
higher soil type levels need more samples to cover the variation in soil
properties. In this study, we aimed for at least 40 profiles for a great
group, 10 profiles for a sub-great group and 3 profiles for a soil family.

2.2.2.2. Linkage process. First, as a reference of polygon linkage, the
Euler distance between a map polygon and a soil profile with the same
soil type was calculated. Soil profiles without sufficient precision for
their location were not involved in the selection of linkages.

The map polygon linkage process was performed as follows:

1. Soil profiles of the same soil type for each map polygon were searched
ata 15-km radius. We assumed that all profiles in this range (about the
county size) should be used to represent a map polygon. In addition,
the profiles in this radius were likely to be within or near the linked
map polygon, as the average size of map polygons was about 10 km by
10 km. If there were enough soil profiles of the same soil type in this
radius, these profiles were linked to the map polygon. Otherwise, we
continued to step 2. Soil profiles with spatial precisions B and C were
not involved in this step.

2. The search radius was enlarged until it was greater than the whole soil
map of China or the target number of soil profiles was reached. If the
target number of soil profiles was reached, these soil profiles were
linked to the map polygon and the final radius was recorded. If the
search resulted in insufficient soil profiles, these soil profiles were also
linked to the map polygon and marked as insufficiently represented. If
there was no soil profile in the whole soil map, we proceeded to step 3.

3. The grouping level of soil type was expanded and the search was
restarted at step 1. For example, if there was no profile for a map
polygon at the family level, the search was restarted at the sub-great
group level. The linkage started at the lowest soil type level of a map
polygon and continued upwards to the great group level, with
different linkages stopping at different levels.
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2.2.2.3. Obtaining a representative value. The medians, means, ranges,
variances and sample sizes for the sand, silt and clay contents of the
linked soil profiles were calculated both for the topsoil (0-30 cm) and
subsoil (30-100 cm). The maps of sand, silt and clay content were
derived by using the median value for each soil polygon (Batjes, 2006)
because the influence of extreme values is partially ignored compared
to a mean value. The PSD computed based on medians rarely summed
up to 100%. To guarantee that the sum of three fractions totalled 100%,
the following process was adopted. First, the median of each fraction
for linked soil profiles was calculated. Then, the sum of squared
deviation (SSD) of the medians was calculated for each linked profile
based on the following formula:

SSD; = (sa;—sy,)* + (si;—siy)® + (cli—cl,y)* (1)

where sa;, si; and cl; are the sand, silt and clay fraction of the ith linked
profile, respectively, and sa,, si,;, and cl,, are the medians of the sand, silt

Fraction (%)

and clay fractions for the linked soil profiles, respectively. Finally, the
profile with the minimum SSD was used to represent the soil polygon.

For grid-based model applications, the vector-format data were
subsequently rasterised to spaced grids at a resolution of about 1-km
(30 arc seconds by 30 arc seconds) for sand, silt and clay. There were
non-soil map polygons (organic materials, water, rocks or other) and
layers containing bedrock. As a result, the sum of the computed sand, silt
and clay fractions was often less than 100% when rasterisation was done.
The sand, silt and clay fractions were normalised to100% (before
rounding) if the sum of the fractions was less than 100% and greater than
50%. Otherwise, the fractions were set to zero (This normalisation may
cause some false information to be included; Miller and White, 1998).

2.3. Validation and comparison
To evaluate and validate the results of the linkage method, an

independent dataset was used. The data were collected from three areas
in 2008 and 2009. There were 168, 163 and 58 samples from the

I Non-soil [ 10-20 9 30-40 N 50-60 [N 70-80
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W 20-30 [ 40-50 [ 60-70 [ 80-100

Fig. 1. Sand, silt, and clay fractions of China. (a) Sand fraction of the topsoil(0-30 cm). (b) Silt fraction of the topsoil (0-30 cm). (c) Clay fraction of the topsoil (0-30 cm). (d) Sand
fraction of the subsoil (30-100 cm). (e) Silt fraction of the subsoil (30-100 cm). (f) Clay fraction of the subsoil (30-100 cm).
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Fig. 2. The distribution of linkage radius between map polygons and soil profiles.

Bingxian county of Heilongjian province (3834 km?), Ansai county of
Shaanxi province (3607 km?, including parts of the neighbouring
counties) and Zitong county of Sichuan province (1435 km?), respec-
tively. The samples were taken as a 5-km grid for the top soil layer (0-
20 cm). The fine size fractions were determined using the hydrometre
method, whereas the coarse size fractions were obtained through
sieving. Bingxian is dominated by black soil (which is a black-coloured
soil containing a high percentage of humus and high percentages of
phosphoric acids, phosphorus and ammonia, corresponding to Phaeo-
zems in World Reference Base for soil resources (WRB)), meadow soil
(which contains a high percentage of humus with a high groundwater
level and meadow vegetation, corresponding to Cambisols in WRB) and
dark brown soil (which is a dark brown-coloured soil containing a high
percentage of humus with vegetation of coniferous and broad-leaved
mixed forest, corresponding to Cambisols in WRB). Ansai is dominated
by loessial soil (which has apparent characteristics of parent material of
loess, corresponding to Cambisols in WRB), and Zitong is dominated by
purplish soil (which is developed from purplish shale and sandstone,
and at the early stage of eluviations, corresponding to Cambisols in
WRB). Though a soil great group in GSCC could be interpreted into
several WRB soil groups (Shi et al.,, 2010), only the dominant one were
given here. The cross-reference was also developed to relate GSCC with
Soil Taxonomy of US and Chinese Soil Taxonomy (Shi et al., 20064, b).
The quality of the linkage was evaluated based on the search
radius, soil type level of the linkage and sample size. If the search
stopped at a small radius, it is implied that the linked profiles are close

§

to the map polygons and offer good estimates. If the soil type level of
linkage is low (such as soil family), the variation in soil properties is
lower than at higher levels of soil type. If the target for sample size is
reached, the polygon can be considered well represented.

For comparison, the soil type linkage method was also performed,
following the methods of previous studies in which map units and
profiles with the same soil classification information were linked
(Reynolds et al., 2000; Batjes, 2003; FAO et al., 2009).

The results derived through the soil type and polygon linkage
methods were compared with the independent samples using mean
error (ME) and root mean square error (RMSE). The Harmonized
World Soil Database (HWSD), which was derived by linking soil map
units and profiles from WISE, was also compared with our results.

3. Results and discussion

Fig. 1 shows the sand, silt and clay fractions linked by map
polygons. The fraction maps display soil PSD distribution for China in
great detail. Generally, north and west China have high sand fractions
and low clay fractions, especially in the desert area, while the opposite
was observed in south China. This is expected due to the physical and
chemical weathering processes in different parts of China. The non-
soil map units were assigned zero values for all three fractions.

The quality of the derived PSD dataset was assessed based on the
level of soil type linkage, sample size and search radius. The linkage
levels of map polygons are shown in Table 1. Most of the soil map
polygons were linked at the same soil type level they belong to, which
indicates that most of soil types had corresponding soil profiles. The
linkage level was recorded for each soil map polygon for future
reference. Lower level linkages had better estimates for PSDs. The target
sample size was achieved, except for in 9.2%, 7.8% and 1.2% of the
linkages at the levels of soil family, soil sub-group and soil group,
respectively. The map polygons that were not linked at the same soil
type level that they belong to or did not reach the target sample size
need more profile samples examined in the future. On the other hand,
the sample size was maintained at the target number to describe the
variety of different map polygons of the same soil type, though Scholes
etal. (1995) chose not to exclude additional soil profiles on the basis that
a particular soil type was already well represented. Fig. 2 shows the
counts of different linkage radius between map polygons and soil
profiles. The median value was about 146 km and the 75th percentile
was about 520 km, which indicates that most linkage happens at the
climate zone scale. Although natural similarity and variety was mainly
considered within the context of the soil map itself in previous studies
(Webb et al.,, 1993; Reynolds et al., 2000; Batjes, 2006), the distance-

b
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Fig. 3. Differences in soil fraction contents linked by map polygons and linked by soil types. (a) Sand fraction of the topsoil (0-30 cm). (b) Clay fraction of the topsoil (0-30 cm).
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based linking method, which considers the distance between soil
polygons and profiles, better presents these properties.

Fig. 3 was obtained by subtracting the sand and clay content derived
by soil types from those derived by map polygons. The contents of these
soil fractions were different in most of the map polygons. For the soil type
linkage, the sand content in the north and southeast and the clay content
in the southwest were underestimated compared to those of the map
polygon linkage. The differences confirm that it is better to derive soil
properties through a linkage method that considers the distance between
profiles and map polygons to present the variation in soil properties of
different polygons with the same soil type. When detailed datasets are
available, the map polygon linkage method offers more spatial informa-
tion for soil fractions. If there are not enough soil profiles, the map polygon
linkage and soil type linkage will not appear to be significantly different,
as the polygon linkage will not stop until it is outside of the whole soil map
area in step 2. It is also reasonable that the soil texture for the same soil
type varies within a certain range in different locations, which usually
means there is a difference in soil formation factors, i.e. climate,
organisms (including humans), relief, parent material and time (Jenny,
1941), particularly for soils grouped together at a high classification level.

Table 2 shows the ME and RMSE of soil fraction contents for the three
datasets: HWSD, the polygon linkage dataset and the type linkage
dataset. Overall, the polygon linkage method gave the most accurate
estimation and HWSD gave the least accurate estimation, with the
exception of the polygon linkage performing slightly worse than the
other two datasets for estimating clay contents. Within the limits of our
data, there were some differences in the PSDs of the top soil depth of
samples collected for validation and the PSD maps. In the Ansai and
Bingxian areas, all of the datasets overestimated sand and clay contents
and underestimated silt contents. However, in the Zitong area, the
polygon linkage and type linkage methods overestimated silt contents
and underestimated sand contents, while the opposite happened with
HWSD. This indicates that the performance of these datasets varies with
soil type, as these areas have different soil types. In all areas, the polygon
linkage estimates had the lowest RMSEs for sand and silt contents, but in
the Ansai and Bingxian areas, the polygon linkage method did not
perform the best of the three methods.

The sources of uncertainty in the linkage methods have been
discussed in previous studies (Batjes, 2002; Batjes, 2006). Errors in
spatial data are much more important than those in soil analytical
methods because of the purity of soil map units, which is likely to be
around 50 to 65% (Landon, 1991). The 1:1,000,000 scale soil map of
China was compiled through the cartographic generalisation of
1,500,000 scale maps. However, this results in the loss of soil type
makeup information, leaving only a single soil type per map polygon,
which degrades the quality of the spatial data. The impurity in soil map
units, which is not taken into account in the linkage methods, can cause
significant errors in estimating soil fractions, as other soil types within a

Table 2
Accuracy of soil fraction contents from three datasets in three areas.
Area Source® Sand Silt Clay
ME RMSE ME RMSE ME RMSE
Ansai Polygon 1.1 13.6 —7.2 12.8 6.1 7.1
Type 13.6 17.0 —14.0 16.3 0.3 2.8
HWSD 16.9 189 —17.7 201 2.1 4.6
Bingxian Polygon 1.9 11.0 —8.2 12.0 6.3 10.9
Type 7.8 17.7 —133 16.2 5.5 132
HWSD 10.5 18.1 —19.3 222 8.9 10.2
Zitong Polygon —2.2 13.0 5.6 12.0 —34 7.1
Type —-11.0 18.0 7.6 132 34 7.5
HWSD 12.8 18.5 —8.0 133 —4.8 7.8
Total Polygon 0.5 12.7 —54 123 4.8 9.7
Type 7.0 173 —10.0 15.6 29 9.1
HWSD 13.1 184 —16.6  20.0 4.1 83

@ “Polygon” was derived by linking soil map polygons and profiles. “Type” was derived
by linking soil map units and profiles. “HWSD” is the Harmonized World Soil Database.

map unit or map polygon may have quite different textures than the one
to which it is linked. The linkage method may be improved by adding all
soil profiles within a map polygon to the linked profiles to determine the
representative values of soil properties. However, because there is only
less than 0.1 soil profile per map polygon in the database for China, any
improvement would be very small.

In addition to the two sources of uncertainty mentioned above, the
accuracy of the distances between map polygons and profiles, the soil
classification system and the linkage method itself can also carry
uncertainty. The coordinates of soil profiles were not very accurate
because they were derived from the location description. The centre,
rather than the boundary, of a map polygon was used to calculate the
distances between map polygons and profiles. Therefore, the
distances had some associated error. In the polygon linkage, distance
was used to determine whether a profile should be linked to a map
polygon. Since we abandoned profiles that did not have sufficient
precision of location and did not weight any of the distances, the effect
of distance errors on the linking results was rather small.

The GSCC system has some shortcomings (Gong, 1999).Itis based on
the soil genetic hypothesis, which may result in the same soil being
classified as different soil types. For example, albic soils were classified
as podzolic soils because the albic process and podzolic processes were
not yet distinguished in the 1950s. In addition, the GSCC emphasises the
importance of climate and vegetation while ignoring the time factor.
Therefore, it may end up confusing soil-forming processes that have
already happened with those which have not yet occurred. For example,
under extreme conditions, it may even classify a purplish soil as a yellow
soil (which has an intensive eluviation with high content of goethite,
corresponding to Cambisols in WRB). The GSCC emphasises the Central
Concept, which states that, while soil type can be very clear, the
boundaries between types may be unclear, making some soils hard to
classify as a specific soil. The GSCC also lacks quantitative indices, which
causes its information system to be difficult to build. Because of the
shortcomings mentioned above, it is hard to avoid errors in compiling
soil maps and classifying soil profiles. In addition, the soil survey
employed a bottom-up procedure starting from the county or town
level, and as a result, inconsistencies are inevitable due to differences in
the personal judgments of the data collectors. As previously mentioned,
soil type names of soil profiles were modified to be consistent with the
soil map at different levels of soil type (not always the lowest level of soil
type), which can also cause some uncertainty.

While the linkage method used a single soil content value to represent
a polygon or a map unit, the texture of soil can vary spatially (sometimes
significantly) within a specific polygon or map unit. In this study, the
polygon linkage method was used to take into account the inter-
polygonal variation within a map unit. This was not considered by the soil
type linkage method. The polygon linkage method cannot represent the
spatial variation within a polygon, even though its statistical variation can
be given by the variance and range of the linked samples. An alternative
method that takes intra-polygonal variation into account is the Bayesian
Maximum Entropy method (BME), which uses soil texture class maps as
input data. (D'Or and Bogaert, 2003). In China, soil texture class map of
high precision does not exist; however, the linkage method can create
one. The underlying assumption of BME is the continuous change of soil
properties inside the polygon, which often applies at a fine scale (as in the
case in d'Or and Bogaert, 2003). At a coarse scale, such as the 1:1,000,000
scale in our study, this assumption is more likely to be wrong. Since the
average polygon size is about 100 km?, the values of soil fractions are not
likely to change gradually from the centre to the boundary, but rather
through a series of ups and downs along the way.

The process of choosing the linkage between soil map polygons
and profiles was subjective, as the target sample size for a soil type
level and the search radius at step 1 of the linkage process was to
some extent arbitrarily decided. In addition, the linkage method does
not apply to the non-soil map units, such as city areas that do have
soil, which were set to a value of zero for all soil fractions.
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The polygon linkage considers the soil type and distance
between soil polygons and profiles and indirectly takes into account
environment-related factors. As the spatial variation of climate and
vegetation is relatively small, our distance-based method may be
sufficient because most of the linkage happens at the climate zone
scale. In the Second National Soil Survey of China, topographic
maps, or air photos, were used as the base maps of soil type maps,
with geological maps as a reference. To some extent, the factors of
topography, land use and parent material were implicitly consid-
ered. However, these factors vary greatly, so a distance-based
linkage is not able to capture them well. In the future, it will be
necessary to explicitly consider these environmentally related
factors. In this context, the polygon linkage is a typical example
of the scorpan paradigm of quantitative empirical digital soil
mapping (McBratney et al., 2003).

Zhao et al. (2006) developed a pedological knowledge-based
method, which considers soil classification information and the locations
of profiles. The profiles within a county were all linked to map polygons
in the same county in that study, since the Second National Soil Survey of
China was implemented from the county level. Though Zhao et al. (2006)
indirectly considered spatial location, the actual spatial pattern of soil
properties was not confined by administrative division boundaries. It is
better to take location into account through the distance between
profiles and map polygons, like in our study.

4. Conclusions

A soil PSD dataset with 1-km resolution was developed for its
application in land and climate modelling by using the most detailed
soil map of China at the national scale and a large soil profile
database. The polygon linkage method provides more information
about the distribution of soil PSDs than the soil type linkage method.
The overall assumptions are that a soil map polygon can be
represented by a minimum sample size of soil and that soil fractions
vary due to the soil type and location. According to the soil type level
of linkage, sample size and search radius, the quality of the data was
reliable. Overall, the map polygon linkage offered better results than
the soil type linkage or Harmonized World Soil Database. However,
we need to put effort into improving the data quality and the
product accuracy. The dataset is available for free download from
http://globalechange.bnu.edu.cn.

Future efforts will be made to improve the quality of the dataset.
This linkage method may be used in future work to derive other soil
properties, such as rock fragment content, soil depth, and soil carbon
and nitrogen contents. It is also necessary to consider environment-
related factors directly under the scorpan framework to improve the
prediction of soil properties (McBratney et al., 2003).
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