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Figure 2. Results of statistical analysis of the changing intensity of
human activity in the Wei River valley from 8 to 4 ka BP: (a) total
number of archaeological sites and population (the standard error of
the population number is indicated); (b) average residential area of
the sites and frequency distribution of sites with different residential
areas (the standard error of the average residential area is indicated);
(c) average population number of the sites and frequency distribution
of sites with different population numbers (the standard error of the
average population number is indicated); (d) average land use area of
the sites and frequency distribution of sites with different land use
areas (the standard error of the average land use area is indicated);
and (e) amount and percentage of land use areas in the Wei River
valley (standard errors are indicated).

larger sites were usually surrounded by smaller ones, and the
degree of differentiation of sites increased continuously with time
because of the increasing complexity of the social structure. Sites
with larger residential areas occurred more frequently through
time in the northern and western parts of the valley with the
spread of sites from 8 to 4 ka BP.

Spatial and temporal changes of population from 8
to 4 ka BP

From 8 to 4 ka BP, the total population of the Wei River valley
increased continuously with values for the four 1000-year

intervals as follows (from older to younger): 0.004 (-0.002) 109,
0.24 (-0.03) 106, 1.02 (—0.46) 108, and 1.55 (—0.58) 10 (Fig-
ure 2a). The largest increase occurred around 6 ka BP and was in
accordance with the absolute change in the total number of sites.
The corresponding average population numbers for an individual
site were as follows (from older to younger): 160 (-44), 375
(—31), 486 (—22), and 481 (—22) (Figure 2c). The most significant
increases occurred from 8 to 6 ka BP and thereafter the values
remained constant, reflecting a tendency for the scale of the set-
tlements to become more and more stable with time.

The sites can be grouped into five classes according to the
population number at each archaeological site (Figure 2c). Statis-
tical analysis reveals that more than 40% of sites were in the
middle class with a population between 100 and 1000. The per-
centage of sites with population <100 decreased over time, while
that of sites with population >1000 increased slightly (Figure 2c),
which is contrary to the trend exhibited by sites in the small and
large residential area classes mentioned in section Spatial and
temporal changes of archaeological sites from 8 to 4 ka BP  (Fig-
ure 2b). This is because the population of each site was calculated
by dividing the residential area by the average residential land use
area per person in PLUM (Yu et al., 2012), and the decrease of the
numerator (Table 2) was more significant than that of the denomi-
nator with time because of increasing land use efficiency.

The spatial changes of the sites with different population size
classes (Supplementary Figure S5, available online) were similar
to that of the sites with different residential area size classes
described above (Supplementary Figure S4, available online).

Spatial and temporal changes of land use from 8 to
4 ka BP

During the four 1000-year intervals from 8 to 4 ka BP, the total
areas of cultivation and living land use in the Wei River valley
were (from older to younger) 0.03 (-0.02) 104*km?, 0.66
(-0.09) 10%km?1.65(-0.74) 10*km2,t01.51(-0.56) 10%km?
(Figure 2e). These data show that the most significant increase in
land use area occurred at around 6 ka BP. The additional land use
areas for the next three millennia were 0.65 (-0.10) 104km?
1.57 (-0.74) 10*km?, and 0.92 (—0.36) 104km?, respectively,
in accordance with the appearance of new archaeological sites
(Figure 2a).

Compared with 46% of the area in the valley that has been
cultivated and settled in modern times, 0.2 (—0.1)%, 5 (-1)%, 12
(-5)%, and 11 (—4)% of the area was used between 8 and 4 ka BP
(Figure 2e), which showed a relatively low intensity of human
activity before 6 ka BP. However, about 26% of modern land clear-
ance levels occurred 5000 6000years ago indicating that humans
significantly changed the prehistoric land cover in the valley.

The average land use area of each site decreased from 12.84
(—3.56) to 4.68 (—0.21) km? from 8 to 4 ka BP (Figure 2d). The
reclassification of sites into five groups according to land use area
further reveals that the percentage of sites with smaller land use
areas (<3km?) increased significantly during the study interval,
while the percentage of sites with area of >3km? decreased (Figure
2d). The trends of land use area for individual sites in the small and
large classes were similar to that of residential area (Figure 2b),
but converged to that of population for individual sites in two
classes (Figure 2c), which indicates that increased land use effi-
ciency and population growth occurred simultaneously.

Spatially, prehistoric land use areas were mainly distributed in
the areas close to those archaeological sites that were character-
ized by favorable environmental conditions (Figure 4a d). As is
the case with the archaeological sites, the percentage of land use
areas with these favorable characteristics decreased from 8 to 4 ka
BP. The largest changes occurred in areas with relative elevation
of <30 m, with values for the four 1000-year intervals (from older
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Figure 3. Spatial distribution of archaeological sites in the Wei River valley from 8 to 4 ka BP: (a) 8 7 ka BP,(b) 7 6 ka BP,(c) 6 5 ka BP,and

(d)5 4kaBP

to younger) of 90%, 61%, 51%, to 49%; and of areas with slope
of <2.5 , with values of 76%, 54%, 35%, and 31%. Because cul-
tivation was mainly dependent on the availability of water
resources and sunshine, but conversely affected soil development
continuously, the percentage of land use areas with horizontal dis-
tance to the fluvial network of <1000 m was always above 73%j;
and that of areas with south-facing aspect was always higher than
others by about 10%. In addition, the soils of about 80% of the
land use areas developed into cultivated types (e.g. old manorial
loessial soil and dark loessial soil (WRB: cambisols)) based on
the occurrence of soils with horizon characteristics indicative of
ancient cultivation.

With regard to the geographic spread of land use during the
4000-year interval, three stages can be distinguished in accordance
with the distribution of archaeological sites. First, the land use area
expanded from the main branch of the Wei River to the middle and
upper reaches of the valley after 7 ka BP; second, it spread to the
west and to the north to cover the whole valley after 6 ka BP; and
finally, after 5 ka BP the spatial distribution pattern of land use
changed to a form similar to that of the present day (Figure 4c e).
These changes clearly demonstrate that human activity has signifi-
cantly altered the land cover over the Wei River valley.

Discussion

Comparison with previous studies of the Wei River
valley

Comparison with quantitative land use reconstructions. Quantita-
tive land use reconstructions for the Wei River valley have also
been presented in three studies of continental to global scale
(Kaplan et al., 2011; Klein Goldewijk et al., 2011; Lemmen,
2009); however, the human land use types reconstructed among
them are not exactly same.

The areas of both cropland and pasture are estimated by the
HYDE database and the KK10 scenario. But the former study
only includes active cropland with a short fallow period (Klein
Goldewijk et al., 2011), while all of the deforested areas used for
cultivation, including abandoned areas, are estimated in the latter

study (Kaplan et al., 2011). In the GLUES and PLUM models,
only cropland is reconstructed (Lemmen, 2009). Except for the
GLUES simulation, the other reconstructions use grid cells with
different resolutions (5, about 85km? at the equator, for the
HYDE database and KK10 scenario; and 0.0081 km? for PLUM).
In order to make the results comparable, the amounts of land use
in grid cells in all reconstructions have been converted to percent-
age of land use.

The continuous increase of land use cover in the Wei River
valley from 8 to 4 ka BP is revealed by all of the reconstructions
(Figure 5a). However, the highest values in the KK10 scenario
(9.01 34.09%) (Kaplan et al., 2011) are more than 25 times larger
than the lowest estimates from the HYDE database (0.04 1.33%)
(Klein Goldewijk et al., 2011), while the intermediate values are
produced by PLUM (0.2 12%) and GLUES (about 11% around 4
ka BP) models (Lemmen, 2009).

The spatial distribution of land use during 5 4 ka BP is used as
an example for comparison, because it exhibits the widest spread
of values within the study interval. The HYDE database indicates
that the grid cells with high land use percentages only occur in
Guanzhong Basin in the lower reaches of the Wei River valley
(Klein Goldewijk et al., 2011) (Figure 5b), while in both the
KKZ10 scenario (Kaplan et al., 2011) (Figure 5c) and PLUM out-
put (Figure 4d) the wider distribution of land use also occurs in
the middle and upper reaches of the valley. However, spatial dif-
ferences in land use across the Wei River valley estimated by
GLUES are not apparent because the entire valley consists of only
two administrative districts (Figure 5a in Lemmen, 2009).

Above all, the land use estimates by PLUM here are more
comparable with the KK10 scenario (about 3 times higher) than
with the HYDE database (about 10 times lower), because pasture
areas are not calculated in PLUM, larger fallow areas are assumed
in the KK10 scenario than in PLUM since 7 ka BP, and the
archaeological sites used in PLUM represent only the lower limit
of prehistoric human land use.

Other contrasts among four studies are because of the different
assumptions made during the three steps involved in reconstruc-
tions. With regard to the first step of population estimation, the
























