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Abstract Variations in vegetation activity during the past 18 years in China were investigated
using the normalized difference vegetation index (NDVI) derived from the 3rd generation time
series dataset of NOAA-AVHRR from 1982 to 1999. In order to eliminate the effects of
non-vegetation factors, we characterized areas with NDVI < 0.1 as “sparsely vegetated areas”
and areas with NDVI = 0.1 as “vegetated areas”. The results showed that increasing NDVI
trends were evident, to varying extents, in almost all regions in China in the 18 years, indicating
that vegetation activity has been rising in recent years in these regions. Compared to the early
1980s, the vegetated area increased by 3.5% by the late 1990s, while the sparsely vegetated
area declined by 18.1% in the same period. The national total mean annual NDVI increased by
7.4% during the study period. Extended growing seasons and increased plant growth rates ac-
counted for the bulk of these increases, while increases in temperature and summer rainfall, and
strengthening agricultural activity were also likely important factors. NDVI changes in China ex-
hibited relatively large spatial heterogeneity; the eastern coastal regions experienced declining or
indiscernibly rising trends, while agricultural regions and western China experienced marked
increases. Such a pattern was due primarily to urbanization, agricultural activity, regional climate
characteristics, and different vegetation responses to regional climate changes.
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The “opening” policies implemented in China in
the past two decades have resulted in extensive
changes in land use and land cover. Vegetation activity
has increased through agricultural practices such as
afforestation, irrigation, and intensive agricultural
management' ), On the other hand, vegetation cover-
age has decreased due to rapid urbanization, industri-
alization, and overgrazing”™*!. Thus, there are con-
flicting reports regarding the status of China’s vegeta-
tion, as no integrative analysis at the national level has

yet been conducted. This study aims to explore the
trends in vegetation coverage (activity) in the past two
decades using a time series dataset of normalized dif-
ference vegetation index (NDVI).

At the global scale, studies based on observations
of atmospheric CO,”, phenology'® and land cov-

9,10 11-13
0. ], and on carbon process models! ],

erage change
have all indicated that vegetation activity in the
Northern Hemisphere is increasing, and this leads to

significant carbon sinks in these regions. This increase
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230
has been confirmed by satellite-based studies!'* '\
However, how vegetation activity has changed at the
national scale in China over the past 20 years is un-
clear. The extended time-series, high-quality NDVI
dataset derived from satellite data makes it possible to
address this issue.

With a broad spatial coverage and high temporal
resolution, Advanced Very High Resolution Radiome-
ter (AVHRR) of the National Oceanic and Atmos-
pheric Administration (NOAA) datasets have been
widely used in studies of national, continental, and
even global vegetation activities. The recent develop-
ment of multiyear continuous NOAA/AVHRR dataset,
in particular, makes large-scale time series studies
possible. As an indicator of vegetation coverage and
plant productivity, the NDVI has been used in analysis
147162275 i the past two dec-
ades. In particular, the third-generation NOAA/
AVHRR NDVI data set is widely applied in
large-scale studies of vegetation activity, because the
effects of solar zenith angle and stratospheric aerosol
in the atmosphere have been removed, and the most
problems noted in previous generations of NDVI data

16,23
sets have been overcome!'®*),

of vegetation activity!

In the present study, using the third-generation
time-series NOAA/AVHRR NDVI dataset!'*'®), the
vegetation cover change over the period 1982—1999
was studied across both geographical and administra-
tive regions. The value of NDVI is an indicator of the
vegetation cover or vegetation activity, and its magni-
tude is contributed from two parameters, vegeta-
tion-covered area and quantity of vegetation coverage
per unit area (mean NDVI). Therefore, an increase or
decrease in regional vegetation activity resulting from
changes in these two parameters represents an increase
or decrease in vegetation productivity. The changes in
both parameters over the past 20 years were examined
in the current study.

It should be noted that vegetation in this study
includes both natural and agricultural vegetation, with-
out discriminating between these two types. This
stems from our goal of exploring overall vegetation
dynamics, as well as the difficulty in differentiating
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between these two types of vegetation in certain situa-
tions. For example, the differences between old-field
and managed natural grasslands can rarely be dis-
cerned by satellite images.

1 Data and methods
1.1 Definitions

(1) Sparsely vegetated and vegetated areas. ND-
VI varies from —1 to 1. The higher the NDVI value,
the higher the vegetation coverage and activity are. In
regions covered by ice and snow, NDVI values usually
are negative, while in desert regions, ground condi-
tions strongly affect NDVI, leading to unstable values
that cannot accurately represent vegetation status.
Therefore, an NDVI threshold is commonly used to
exclude those bare and sparsely vegetated areas for
data analysis. A threshold of 0.05 has been used in
earlier studies“‘”, but more recent studies set the
threshold at 0.1'"°2%, which is also used in the present
study. That is, areas with NDVI < 0.1 were defined as
“sparsely vegetated areas”, while the areas with NDVI
= 0.1 were defined as “vegetated areas”. Only vege-
tated areas are analyzed in this study. Because NDVI
values for a particular site vary each year due to varia-
tion of climate, the total “vegetated area” varied over
the research period.

3

(i) Vegetation change. Similar to
activity.” In this study “vegetation change” implies

alteration in vegetated area and/or mean NDVI value.

‘vegetation

(iii) Rate of NDVI change.
change was calculated as follows:

The rate of NDVI

Rate of NDVI change (%)
= regression slope /mean NDVI value x 18 x 100,

where regression slope represents the linear regression
slope of annual or monthly average NDVI to calendar
year over the period of 18 years. Mean value is the
average NDVI over the 18 years. In other words, the
rate of change equals the difference between final
NDVI (1999) and initial NDVI (1982) divided by ini-
tial NDVIL.

1.2 NDVI data set

The NDVI data used in this analysis were pro-
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duced by the Global Inventory Monitoring and Mod-
eling Studies (GIMMS) group, and were derived from
the NOAA/AVHRR Land data set, at a spatial resolu-
tion of 8x8 km” and at 15-day intervals, for the period
January 1982 to December 1999. This dataset has been
corrected to remove the effects of volcanic activity and
to overcome most problems noted in previous genera-
tions. It is therefore called the third-generation NDVI
data set, and has been shown to be a good data source
for long-term vegetation analysist'®'* 23],

As we used NDVI as an indicator of vegetation
activity, the quality of NDVI is critical for data analy-
sis. Therefore, we examined the suitability of this data
set for analyzing vegetation activity in China. Slay-
back et al.”®! examined five NDVI data sets, each
processed differently, for regions of the Arabian Desert.
The results showed that of the five data sets,
GIMMS-NDVI changed most smoothly over the pe-
riod of 1982—1999, with no significant trends for ei-
ther individual satellites or all satellites across the en-
tire time period. This assessment recommends this
data set for identifying patterns and dynamics of
large-scale  vegetation activities™).  Furthermore,
China’s geographical position is within 25°N—55°N,
falling within the range of satellite sensitivity. NDVI
changed evenly over the 18 years, and changeover of
the satellite sensor did not significantly affect overall
NDVI*). This suggests that the GIMMS- NDVI data
set can be used in identifying the long-term trends in
vegetation cover and activity in China.

1.3 Climate data set

The climate data set used in this study was
monthly mean temperature and precipitation over the
study period (1982 —1999) calculated from 680
well-distributed climatic stations across China.

1.4 Data processing

Monthly NDVI was obtained from maximum
value composite (MVC) method, which minimizes
cloud contamination, atmospheric effects, and solar
zenith angle effects”. The NDVI pixels derived from
the MVC method were then converted to geographic
grid cells at 0.1° x 0.1° degree resolution from the
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original Albers equal-area projection for further analy-
sis. The monthly NDVI values = 0.1 within each year
were aggregated to obtain annual NDVI. The climate
maps that correspond to grid cells of 0.1° x 0.1° were
obtained by Kriging interpolation.

2 Results and discussion
2.1 Interannual change in vegetation coverage

An examination of distribution of China’s annual
NDVI in the early 1980s (3-year averaged value for
1982—1984) and the late 1990s (1997—1999) (figs.
1(a) and 1(b), respectively) revealed the following
characteristics:

(1) In both periods, NDVI values across China
exhibited a decreasing trend from the southeastern to
the northwest, with a considerably greater NDVI in the
eastern portions of the country than in the western
portions. The NDVI in the northwestern desert areas
was extremely low, therefore fitting our definition of
sparsely vegetated areas. The favorable precipitation
and temperature conditions in southern Yunnan Prov-
ince and eastern Xizang (Tibet) led to correspondingly
high NDVI values.

(2) Compared to the early 1980s, the NDVI val-
ues in the late 1990s for the Northeast and North- cen-
tral plains, the Sichuan basin and other agricultural
areas showed a significant increase. However, ur-
banization clearly led to a decrease in NDVI in the
Pearl River and Yangtze River deltas along the eastern

coast.

(3) Comparing the distribution of NDVI in these
two periods, it was found that the sparsely vegetated
areas (NDVI < 0.1) in northwest regions decreased to
some extent by the late 1990s.

Interannual changes in NDVI across the country
exhibited similar patterns. Statistical analysis showed
that in the past 18 years (1982—1999) the area of
vegetated regions (NDVI = 0.1) tended to increase
(R*=0.15, p = 0.12) at a rate of 0.98 x 10* km*/year
(fig. 2(a)), while sparsely vegetated areas contracted
by 0.98 x 10* km¥/year (R*= 0.15, p = 0.12) (fig.
2(b)).
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Fig. 1. Spatial distribution of three-year averaged NDVI at the early 1980s (1982—1984, (a)) and late 1990s (1997—1999, (b)).

On the other hand, area-weighted mean annual
NDVI values showed a consistent increase. Both mean
annual NDVI values for vegetated areas (accumulated
annual NDVI for areas with NDVI = 0.1 divided by

total area, fig. 2(c) top) and national mean annual

NDVI (accumulated NDVI values for areas with
NDVI =0.1 divided by national land area, fig. 3(c)
bottom) clearly showed an increasing trend, with a
coefficient of correlation of 0.24 (p = 0.04) and 0.44 (p
= 0.01), respectively. Therefore, both vegetated area
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Interannual variations in vegetation activity over 18 years in China. (a) Area of vegetated regions (NDVI >0.1), showing an evident increase;

(b) area of sparsely vegetated regions, showing an evident decrease; (c) area-weighted mean annual NDVI. Mean annual NDVI values for both vege-

tated areas (top) and country area total (bottom) showed a marked increase.
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Changes in vegetation coverage (a) and area-weighted mean annual NDVI (b) in China over the 18 years. (a) Sparsely vegetated area de-

creased by 18.1%, while vegetated area increased by 3.5% from 1982 to 1999. (b) Area-weighted mean annual NDVI increased by 7.4% country-wide

and by 6.3% in vegetated areas.

and mean NDVI values per unit area increased to
varying extents, demonstrating that the overall state of
China’s vegetation developed favorably in this period.
Fig. 3 summarizes the dynamics of vegetated and
sparsely-vegetated areas in the 18 years: vegetated
areas increased from 784 x 10" km® in 1982 to 812 x
10* km? in 1999, an increase of 3.5%, while sparsely
vegetated areas (NDVI < 0.1) decreased from 155 x
10* km® in 1982 to 127 x 10* km® in 1999, a decrease
of 18.1%. In the vegetated areas, area-weighted mean
annual NDVI increased from 3.2 to 3.4, a net increase
of 6.3%, while national mean annual NDVI increased
from 2.7 to 2.9, an increase of 7.4%.

2.2 Reasons for vegetation activity increase and in-
fluence of climate changes

Recent studies have identified two main factors
leading to increase of annual NDVI in the northern
hemisphere: extension of the growing season (includ-
ing earlier springs and later autumns) and acceleration

h!'"**! Fig. 4(a) shows the seasonal

of plant growt
changes in the average of monthly NDVI for China’s
vegetated areas from the early 1980s (1982—1984)
and late 1990s (1997—1999). In terms of both grow-
ing season length and total growth of growing season

(NDVI value), the late 1990s exceed the early 1980s.
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Fig. 4. Seasonal variations in vegetation activity in China. (a) Monthly average NDVI at the early 1980s (1982—1984) and late 1990s (1997—1999).

(b) Seasonal changes in the trend of national average monthly NDVI from 1982 to 1999. The trend represents the slope of the regressed linear equa-
tion for monthly NDVI to the year. A positive value represents an increase, while a negative value represents a decrease.

Except for December, every other monthly NDVI
value was larger in the late 1990s than in the early
1980s, especially in the first half of the year.

In order to more clearly analyze the contribution
of each month and season to annual NDVI trends, fig.
4(b) shows seasonal changes in the trends of national
averaged monthly NDVI over the period of 1982—
1999, which is the slope for each regressed linear
equation of monthly NDVI values over the year. With
the exception of December, values for every month
tended to increase, representing an overall increase in
NDVI. The largest trends occurred in April and May,
suggesting the overall increase for springtime was
correspondingly the largest. NDVI values in Decem-
ber showed a decreasing trend. The numbers for each
month in fig. 4(b) show the trend in monthly NDVI as
a percentage of annual NDVI, or rather, the contribu-
tion of that month to total change in annual NDVI
over the 18 years. The contribution from May was the
largest, contributing to 19.1% of the total increase,
followed by April (14.8%). Springtime (March to May)
accounted for 41.2% of the total increase, while sum-
mer (June to August) contributed 26.8%, and autumn
(September to November) 20.2%. In China, vegetation
growth only occurs in the south during winter (De-
cember to February), and this season contributed only
11.9% (of which December represented —3.8%). It is
evident that China’s NDVI increase mainly occurred
in springtime, followed by summertime. This is con-
sistent with the results of Zhou et al.'™ and Los et
all" which concluded that the early advance of
springtime was the major factor causing the increase
in the northern hemisphere’s vegetation activity.

China’s NDVI increase corresponds closely with
climate changes[21’29’31]. In order to analyze the rela-
tionship between NDVI and climate, fig. 5 presents
the interannual variation in annual mean NDVI,
temperature and annual precipitation over the period
of 1982—1999. In this period, despite fluctuations,
annual mean temperature increased markedly, at a rate
0f 0.062°C per year. Compared to other regions of the
world, this increase is notable®®. There were rela-
tively large fluctuations in annual rainfall, with no
obvious trend.
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Fig. 5. Interannual variation in annual mean NDVI, mean temperature
and precipitation in China from 1982 to 1999.

Compared with annual changes in climate, sea-
sonal climate variation had an even more direct influ-
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ence on vegetation growth. As shown in fig. 6, spring-
time contributed more to China’s NDVI increase than
other seasons, with a rate of increase (slope of re-
gressed linear equation) of 0.0018 (R2 =040, p =
0.005), while the increase for summer and autumn was
0.0012 (R*=0.35, p = 0.010), and 0.0009 (R*= 0.18, p
= 0.081), respectively. There was no clear trend for
winter (p = 0.287). However, the most evident in-
crease in temperature occurred in winter, rising by
0.096°C/year, followed by a 0.062°C/year increase in
springtime. Temperature increases of similar scope
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occurred in summer and autumn.

It is worth emphasizing that interannual varia-
tions in rainfall change with the seasons in China. As
stated above, despite no obvious trends in annual rain-
fall, seasonal rainfall exhibited clear patterns over the
18 years: the summertime rainfall significantly in-
creased (R*= 0.27, p = 0.027), while autumn rainfall
clearly decreased (R2 =0.33, p = 0.010). There was no
distinct change in spring rainfall. Overall, the reduc-
tion of rainfall in autumn might be balanced by the
increase in summer, maintaining essentially the un-
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Interannual variations in seasonal mean NDVI (a), seasonal mean temperature (b), and seasonal precipitation (c) in China between 1982 and



236

changed total rainfall for the whole year. Such a rain-
fall pattern has greatly contributed to the national
NDVI increase. During the growing season, simulta-
neously increasing rainfall and temperature can unde-
niably enhance plant growth. This is a notable charac-
teristic for the relationship between climate and vege-
tation growth in China. Furthermore, the slight de-
crease in rainfall during autumn, when vegetation
slows or ceases growth, is likely to exert a relatively
small influence on overall vegetation growth.

2.3 Spatial differences in NDVI trends and probable
reasons

Despite the obvious NDVI increase at national
scale, there exists a relatively large spatial heterogene-
ity. Fig. 8 shows spatial distribution of annual NDVI
trends (fig. 7(a)) and significance levels (at 5% level,
fig. 7(b)). NDVI increases clearly occurred in the ma-
jor agricultural areas of east China (including the
North-central plain, Northeast plain, and parts of
Yangtze River regions), southern Xinjiang (mostly in
the mountain and agricultural regions), and southeast
Tibet and southwest Yunnan, which are influenced
heavily by the southwest monsoons. NDVI tended to
fall in the Yangtze River and Pearl River deltas, the
Yunnan plateau, and the central Qinghai-Xizang (Ti-
betan) plateau. Especially worthy of note is a promi-
nent increase of the NDVI in Tianshan Mountains of
Xinjiang (fig. 7), one of the areas of the largest in-
crease across the country. As explained below, Shi et
al.l** recently found that since the 1980s, the cli-
mate of the northwest China (including mountain area
of Xinjiang) has been shifting from warm-arid to
warm-humid. Our results support this viewpoint (fig.
7).

In order to analyze NDVI change at the provin-
cial scale, table 1 lists mean annual NDVI, NDVI
trends, and changing rate of NDVI for each province,
and arranges them by magnitude of rate of change. In
agreement with previous analyses, the NDVI values
for southeastern coastal regions were relatively large,
while those of western regions were relatively small.
The mean annual NDVI in Xinjiang was only 0.74,
lower than all other regions. The largest mean annual
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NDVI values were measured in Yunnan and Hainan
Provinces, at 5.22 and 5.20, respectively. These two
provinces are situated in the tropical/subtropical zone,
with a high level of vegetation coverage. In addition,
NDVI across the country generally decreased from
southeast to northwest, with the exceptions of marked
NDVI decrease due to urbanization around major
metropolitan areas, such as Shanghai.

Analysis of the changing rate of averaged annual
NDVI for each province revealed the following char-
acteristics and their likely causative factors:

(1) Negative or relatively small changes (< 5%)
in annual NDVI occurred in Zhejiang, Guizhou, Fujian,
Guangdong, Guangxi, and Heilongjiang Provinces, as
well as in Shanghai municipality. In the majority of
these regions urbanization has led to reduced NDVI
values. However, climate change is likely an important
factor controlling the changes in Guizhou Province,
since little urban growth occurred in the province dur-
ing the study period. In Heilongjiang Province, a small
NDVI increase is likely due to logging!**!
astating forest fire in 1987.

, and a dev-

(2) Shandong, Henan, Hebei, Anhui, and other
agricultural provinces experienced a relatively large
NDVI increase, over 10% per year. The reforms and
“opening” of China in the last 20 years have without a
doubt increased the national food production in the
major agricultural areas. Although grain production
certainly relates to crop type, farmland area, farming
intensity and other factors, it can reflect, to a high de-
gree, the general situation of vegetation coverage!®*.
The pronounced NDVI increase in China’s north-
central and northeast regions closely correlates with
the increase in grain production in those regions. In
the past 20 years, as NDVI increased in the north-
central region, total grain production rose by 40%>.

(3) The amplitude of NDVI increase was evident
(> 7%) in the western provinces of Xinjiang, Gansu,
Qinghai, Ningxia, and Inner Mongolia. Of these areas,
the rate of increase in Xinjiang reached 26.8%. Cli-
mate change in these areas, especially an increase in
summer rainfall (fig. 6(c)), is almost certainly one of
the most important factors behind this change. An
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Fig. 7. Spatial distribution of the trends in annual NDVI (a) and 5% significance levels (b) over the 18 years in China.

analysis of rainfall data for the northwest regions
showed a clear increase in summer rainfall in the past
20 years (» = 0.32). The synchronous change in pre-
cipitation and temperature conditions enhanced vege-

tation growth. In addition, artificial irrigation in parts
of these regions has created artificial oases™®, further
stimulating vegetation growth. The advanced spring-
time®" is likely also one of the important factors for
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this change. The considerably large rate of NDVI in-
crease in Xinjiang may also stem from the relatively
low total NDVI values (an average annual NDVI of
0.74, table 1), and especially from low initial values.
The majority of China’s western regions is used for
grazing, so the fact of NDVI increase indicates that the
positive effects of climate changes and agricultural
engineering exceed the negative effects of grazing.

Table 1 Provincial mean annual NDVI over 1982—1999, NDVI trend,
rate of NDVI change (%), in descending rank of NDVI change rate

NDVI change

Mean annual

Region Rank NDVI NDVI trend rate (%)
Xinjiang 1 0.74 0.011 26.8
Shandong 2 3.59 0.032 16.0
Henan 3 3.86 0.031 14.5
Hebei 4 3.58 0.026 13.1
Anhui 5 3.95 0.028 12.8
Taiwan 6 4.82 0.030 11.2
Beijing 7 2.13 0.013 11.0
Hainan 8 5.20 0.031 10.7
Liaoning 9 3.72 0.020 9.7
Jiangsu 10 3.94 0.021 9.6
Gansu 11 1.98 0.010 9.1
Hubei 12 4.08 0.020 8.8
Qinghai 13 2.10 0.010 8.6
Hunan 14 4.02 0.018 8.1
Ningxia 15 2.07 0.009 7.8
Inner Mongolia 16 241 0.010 7.5
Shaanxi 17 3.59 0.013 6.5
Sichuan 18 4.07 0.014 6.2
Jiangxi 19 4.39 0.015 6.2
Jilin 20 3.86 0.013 6.1
Xizang 21 3.85 0.012 5.6
Shanxi 22 3.25 0.010 5.5
Yunnan 23 5.22 0.016 5.5
Tianjin 24 3.03 0.009 53
Guangxi 25 4.45 0.011 4.4
Guangdong 26 4.51 0.011 44
Heilongjiang 27 3.84 0.009 42
Fujian 28 4.99 0.006 22
Guizhou 29 4.00 0.004 1.8
Zhejiang 30 4.72 —-0.003 -1.1
Shanghai 31 3.88 —-0.009 —4.2

Such a large NDVI increase in China’s western
regions has been confirmed by a body of research.
Zhong®” analyzed land survey data, aerial photo-
graphs, and TM satellite images from the last 20 years,
finding that China’s deserts have been changing to
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grassland and oasis at an average rate of 445 kmz/year.
The research of Wul*® has also indicated that since the
late 1980s, the extreme desertification in Mu Us re-
gion has been brought under control, with diminishing
area undergoing desertification. According to analysis
of remote sensing data, the vegetation productivity in
the Inner Mongolia region has been increasing®”.. Shi
et al. [
climate changes in the northwestern regions (espe-
cially in Xinjiang), coming to an important conclusion:
from the 1980s, the climate of China’s northwest has
increasingly altered from warm-arid to warm-humid,
with increasing rainfall. This alteration has led to
greater glacial melting, runoff, and rising water bodies
in the northwest region, all creating favorable condi-

J'analyzed historical, recent, and present-day

tions for vegetation growth. A recent comprehensive
review on the environmental developments in western
China also confirmed that vegetation coverage has
increased in recent a few decades!’.

3 Conclusions

As stated above, most areas in China have ex-
perienced an increase in NDVI, demonstrating that
vegetation activity in China is strengthening. This
disagrees with some recent reports, which assert that
the situation for vegetation in China has been worsen-
ing. It is true that the vegetation in some locales within
China have deteriorated due to urbanization and ex-
cessive land use (such as overgrazing). However, at
the national scale, the present condition of China’s
vegetation coverage has improved compared to the
early 1980s. This is consistent with the global situation,
especially the prominent “greening” trend in the

M85 por example, Zhou et

northern hemisphere!
all" reported that in the northern hemisphere, as
much as 61% of the total land area is experiencing

NDVI increase from 1982 to 1999.

The trends in China’s NDVI in the last 18 years
exhibit the following characteristics:

(1) In the last 18 years, China’s vegetation activ-
ity has tended to increase. Compared to the early
1980s, vegetated areas increased nationally by 3.5%,
sparsely vegetated areas decreased in area by 18.1%,
and national mean annual NDVI increased 7.4%.
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(2) NDVI change exhibits relatively large re-
gional differences. NDVI in eastern coastal regions
has decreased or insignificantly increased, while that
of agricultural areas markedly increased, and that of
the majority of west China experienced an increasing
trend.

(3) Extended growing season and more rapid
growth account for the bulk of the NDVI increase in
China. Climate changes, especially temperature and
summer rainfall increase, are also the most important
factors driving this increase.

(4) There has been a prominent increase in NDVI
in agricultural areas, which almost certainly stems
from the advance of agricultural technology. At the
same time, the urbanization process is likely a critical
factor in diminishing or obscuring the increase of
NDVI in the eastern coastal areas.

(5) All the trends described above can be related
to climate changes or human impact. Recent research
from land surveys, remote sensing, climate change,
and other fields all support our conclusion that western
China is experiencing increasing NDVI. Of these, the
finding of Shi et al.** %, indicating a climatic trans-
formation in this region from warm-arid to warm-
humid, has served as the most powerful confirmation
of our conclusion.
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