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Abstract Forest coverage has been increasing in the
Xuzhou region, Jiangsu Province, China, since the 1960s,
increasing from about 1-31.8% in 2013, or expanding by
more than 30 times in the past 50 years. Normalized Dif-
ferential Vegetation Index data which represents ‘the
degree of green’ in 1998-2008 also showed an obvious
increasing trend in the Xuzhou region. Even though the
climate is affected by a population increase and urbaniza-
tion, the effects of forest vegetation on the regional climate
are still very significant in the Xuzhou area. Using statis-
tical analysis, remote sensing and numerical simulation, the
main effects of climate on vegetation are as follows. (1)
Reduced range of annual temperatures and increased
warming rate. Based on meteorological observation data,
the mean high temperature showed a declining trend over
the 50 year study period, while the mean lowest tempera-
ture did increase, and the annual mean temperature range
declined from 24.3 °C in the 1960s to 22.0 °C in the 2000s.
For the four seasons, the minimum winter temperature
increased moderately and the maximum temperature
decreased significantly. Simulation results from Regional
Climate Model, version 3 (RegCM3) also suggested that
with the increase of forest coverage the warming rate
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decreased over this entire region. (2) Increasing humidity.
Based on single point meteorological observations, the
mean water vapor pressure rose from 13.4 hPa in the 1960s
to 14.2 hPa in the 2000s; the rising trend in winter was the
most significant. In addition, results from the RegCM3
model showed coincident conclusions. In the entire Xuz-
hou region, the water vapor mixing ratio rose from 9.75 kg/
kg in the 1960s to 10.35 kg/kg in the 1990s. Furthermore,
the relative humidity was 80.5% in the 1980s, and 81.3% in
the 1990s, suggesting an increasing trend for atmospheric
humidity exists under the warming conditions. (3) Signif-
icantly reduced wind speed at and near the earth’s surface.
Based on observations, wind speed decreased from
10.99 m/s in the 1960s to 7.59 m/s in the 2000s; in addi-
tion, wintertime wind speeds decreased significantly. Data
from the RegCM3 model clearly show wind speed at the
surface fell from 4.72 m/s in the 1960s to 1.4 m/s in the
1980s, to 1.2 m/s in the 1990s, then to 0.6 m/s in the 2000s
in the entire Xuzhou region. (4) Reduced duration of sur-
face sunshine. Weather station data showed that the
monthly mean sunshine hours were 198.4 h in the 1960s,
but only 165.5 h in the 2000s.

Keywords Forest coverage - Regional climate -
Simulation

1 Introduction

The study of the relationship between vegetation and cli-
mate change has become an important topic that lies at the
core of research related to global change. People desper-
ately want to know how their local conditions will change
in the future, rather than how global temperature will climb
[1]. Therefore, most current research has focused on how
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climate change will affect the terrestrial ecosystem; how-
ever, few studies have addressed the influence of forest
ecosystems on regional climate. Researchers have investi-
gated that terrestrial vegetation provided the ecological
service of carbon storage, with forests accounting for 90%
of this carbon storage capacity [2]. In theory, increasing
forest coverage can affect regional climate change by
increasing the capacity of this carbon pool and also by
providing increased surface roughness. The carbon pool
provided by photosynthesis tends to offset greenhouse gas
emissions, while changed forests structures such as
increased surface roughness reduce surface wind speeds
directly. Meanwhile, forest transpiration can result in
increased humidity, and research has suggested that the
evapo-transpiration of forests and woodland were stronger
than other land types [3]. The forest canopy intercepts solar
radiation and reduces reflectivity. Of the energy absorbed
by forests, 70% is used in the latent heat of evaporation,
creating an effect of slowing cooling or heating the forest
microclimatic. In addition, a forest can also decrease in-
forest soil evaporation, decrease runoff volume, prevent
soil erosion and help retain soil water. Based on all of these
findings, forests are very important and irreplaceable in a
period of slowing changing regional climate. Research has
shown that the development of forest structure would lead
to an increase in the forest carbon reserve [4]; under the
newly observed climate conditions, such as a 1.5 °C
increase in temperature and a 10-20% decrease in precip-
itation, changes will occur in the native forest species
present, in forest structure and in ground water storage [5];
all of these will affect regional climate while a reduction in
forest area would tend to result in increased climatic
warming [6]; to increase forest coverage, i.e., afforestation,
not only affects the carbon and water cycles, it also influ-
ences biodiversity and reshapes the regional ecological
system [7]. Therefore, studying forest coverage is a very
important part of research related to regional climate
change.

What is the specific influence of a forest on regional
climate? A previous study suggested that forest growth
and expansion may result in less rapid climatic warming
but the mechanism involved in this process is not yet
known and will require further study [8]. In this context,
it will be very difficult to know how to document the
effects of anthropogenic activities and try to analyze the
role of forests. For example, attempts to understand how
a forest affects regional precipitation will has to consider
both the type of precipitation and related weather phe-
nomena. The role on air temperature change also needs
to be considered as part of the energy balance of earth’s
surface along with the changing amounts of carbon
dioxide and airborne pollutant particles in this region.
Therefore, the effects of a forest on regional climate

@ Springer

depend strongly on the specific location of a particular
forest; for example, the effects of a forest on regional
temperature may result in either warming or cooling; or
perhaps both effects will be weak [9]; no definite con-
clusions can presently be drawn.

Afforestation has conspicuously increased in China in
recent years; the rate of forest coverage increased from
12% in the 1970s to 21.63% in 2014, an increase of 80%;
the resulting effects on climate should be carefully con-
sidered. Some Chinese research has suggested that using
afforestation blindly, especially when it involves the cul-
tivation of non-native tree species, has resulted in unex-
pected and undesirable changes to the corresponding
ecosystem and environment [10], for example, under the
condition of climatic drying and warming, desertification in
some areas had not been offset by an increase in the
available forest resources [11]. Although a forest may store
carbon, this role will be poor when the forests are immature
or young growth, mature forest plays the strongest role in
carbon storage. And simply planting various trees without
selecting appropriate species for various types of habitat,
and without protecting seedlings from harsh conditions,
does not work. Therefore, in China land managers should
protect original forestland while returning farmland to
forest simultaneously, instead of only blindly attempting to
increase the spatial extent of forest areas [12]. On the other
hand, some research has provided definite and positive
conclusions related to afforestation. For example, in Chi-
na’s “Three North” (northwest-north-northeast China)
shelterbelts networks, Wang employed a meso-scale
numerical model to investigate regional climate and found
that the presence of forestland resulted in decreased wind
speeds and increased humidity, while at the same time
patterns of air temperature and precipitation had changed
[13].

The present research area encompassed Xuzhou, Jiangsu
Province, in eastern China. Previous research on the effects
of the temperate forests of eastern China on climate have
produced inclusive results [14]; that is, reforestation may
create forests that absorb some carbon, but compared to
tropical and boreal forests, the albedo and evapo-transpi-
ration of these forests is smaller. However, the effects in
the Xuzhou area are a special case. Since the founding of
modern China in 1949, the people of Xuzhou have been
actively engaged in returning farmland to forestland and in
afforestation. After half a century of hard work, immature
forest has gradually matured; the previously saline-alkali
soil in this region has been managed effectively and the
regional climate has obviously improved. The present
study combined the analysis of climatic data, remote
sensing data and regional climate simulation to investigate
how forests regulate and affect the regional climate in the
Xuzhou area.
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2 Condition of Xuzhou Region

The Xuzhou region, located in the north of Jiangsu Pro-
vince, China, lies between 33°43/-34°58'N, 116°-
118°40'E. The region spans about 210 km from west—east
and about 140 km from north—south, while covering about
11,200 km®. A plain landscape covers most of the area
which also features a warm temperate semi-humid mon-
soon climate. The ancient bed of the Yellow River tra-
verses the city of Xuzhou and has burst out of its banks
flooding the surround farmland many times in the past.
Prior to the 1960s, this region had been covered by typical
‘saline-alkali land’ and a ‘wind-sand nest’ (an area wind
erosion with blowing sand) created an extremely unwel-
coming climate. Traditional land management and rapidly
growing population over a very long period time had
resulted in extensive forest removal. Forest coverage was
about less than 1% in the 1950s. Soil erosion and a sharply
deteriorated environment were common at that time,
leading to extremely poor grain output and economic
development in Xuzhou city. Based on China’s early his-
tory, the afforestation movement has long been advocated,
after the 1980s, people actively and extensively restored
the landscape of Xuzhou’s barren hills. This environmental
rectification, renewed landscape scale ecological func-
tioning, and increased forest coverage rate all combined to
result in a thorough restoration of the predominately saline-
alkali land. This resulted in restoration of the previously
heavily impacted environment and a clearly improving
regional climate. The reasons for these improvements lie in
many factors, but for Xuzhou area, the most prominent
feature was the increased forest coverage which gradually
changed into the largest in Jiangsu province, for example,
in 2014, forest coverage in Xuzhou area was 31.8%, far
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more than that of Jiangsu province average (20.64%) and
the national average (21.62%).

Figure 1 shows land use conditions in 1987 and 2006.
Using LANDSAT enhanced thematic mapper remotely
sensed images, we used ArcGIS9.3 software and visual
interpretation to define seven types of land use and
employed 1:50,000 scale topographic maps. When con-
sidering that the area of woodland sharply increased since
the 1980s, five new woodland types were added into the
figure for 2006 (see Fig. 1b), such as green corridors,
protective forests, etc.

Comparing 1987 and 2006 (Fig. 1a, b) the largest area
of change is farmland, followed by forestland; these two
land types accounted for more than 60% of the study area.
The main changes were a rapid decline of cultivated land
and rapid expansion of forestland. The ratio of forest area
increased from about 6.2% in 1987 to 22.96% in 2006, an
increase of 16.76%. The farmland coverage decreased by
14.6% (Table 1).

3 Data and Methods

Observations of conventional meteorological site in Xuzhou
provided historical climate data, including the highest and
lowest air temperature, humidity, wind speed, sunshine dura-
tion, etc. This data was harvested from China’s meteorological
data sharing service system (http://cdc.cma.goven/home.do),
monthly time resolution was used.

The remote sensing data used here was mainly harvested
from the Chinese data subset of long term series of NDVI
(Normalized Differential Vegetation Index) SPOT4/Vege-
tation_NDVI with a spatial resolution of 1 km and a tem-
poral resolution of 10-days. Based on the corrections of
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Fig. 1 The land use types of the Xuzhou study area in 1987 (a) and 2006 (b)
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Table 1 Change of land use types in the Xuzhou region (unit of area: km?)

Cultivated land Woodland Grassland Residential area Transportation land Open water Wasteland
Area in 1987 645,925.7 69,411.1 2059.9 240,436.9 64,988.7 55,501.7 38,470.5
Ratio in 1987 57.8% 6.2% 0.2% 21.5% 5.8% 5.0% 3.4%
Area in 2006 482,402.7 256,424.7 927.7 227,925.0 65,500.2 56,707.2 26,908.6
Ratio in 2006 43.2% 23.0% 0.1% 20.4% 5.9% 5.1% 2.2%

atmosphere, radiation, and geometry, as well as the trans-
formation of geographic coordinates, the NDVI data was
processed by the maximum value composite (MVC)
method [15] and was changed into a monthly resolution by
the ENVI4.0 software image processing program.

Inadequate meteorological observations needed to be
dealt with because only meteorological sites have obser-
vational data while other places do not. To deal with this
situation a regional climate model was used in this paper,
it’s a very popular method to study regional climate change
[16, 17], in this paper Regional Climate Model (RegCM,
Version 3, i.e., RegCM3) w employed, because it by many
Chinese meteorology bureaus for climate simulation and
forecasting, especially in east China [18]. Model input data
were from the National Centers for Environmental Pre-
diction (NCEP) Final operational global analysis data on
1.0° x 1.0° grids (http://www.ncep.noaa.gov/), and the
surface e classification data from global digital elevation
model with a horizontal grid spacing of 30 arc seconds
(GTOPO30) and global land cover characterization
(GLCC). The simulation had 60 x 60 grid points with a
horizontal resolution of 30 km; the spatial span for the
experiment was located in the center of Xuzhou (34.26°N,
117.19°E). Through simulation we obtained extrapolated
regional climate data from 1960 to 2010 for the entire study
area, including humidity, wind, temperature, precipitation,
etc.

4 Results and Analysis
4.1 Observations Results

Figure 2 shows the percentage of forest coverage, mean
NDVI, mean annual maximum and minimum tempera-
tures, mean maximum wind speed, mean vapor pressure
and mean sunshine duration over the analyzed time period
in the Xuzhou region.

Figure 2 shows that forest coverage increased from
about 1% in the 1960s to 31.8% in 2013; the correlation
coefficient R reaches to 0.99. The character R means the
correlation between the values showed in Fig. 2 and the
years, the same below. Here the NDVI value that repre-
sents the degree of green at the surface also shows an
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increasing trend with R equal t o 0.52 (Fig. 2a), reflecting
the fact that forest vegetation coverage increased rapidly in
recent decades. Figure 2b, c give climatic change under
these conditions. We can see that in about the last 50 years,
beginning from the 1960s, the annual mean sunshine
duration and annual mean maximum wind speed decrease
deeply (Fig. 2b). Correspondingly, the mean annual water
vapor pressure tended to increase (R = 0.76). Among
them, the most typical is the maximum annual wind speed;
even the correlation coefficient R in the most recent years
is 0.999, being very close to 1, showing obvious linear
downward trend. The values in the 1970s, 1980s, and
1990s are 10.99, 9.83, and 8.62 m/s, respectively; this even
declines to 7.74 m/s during the period from 2000 to 2010,
then continues to fall to 7.59 m/s in the following 3 years;
this value declined by 45% over the 43 years study period.
The R of the mean annual sunshine is 0.89, being slightly
less than that of the maximum wind speed. In contrast to
the sunshine duration and wind speed, the value of the
annual water vapor increased from 13.4 hPa in the 1960s to
14.2 hPa in the 2000s. For air temperature (Fig. 2c), the
mean annual maximum and minimum values were ana-
lyzed during the period from 1960 to 2013, showing that
the mean annual maximum temperature tended to decline
while the minimum increased. From the value of trend, the
latter (R = 0.91) is larger than the former (R = 0.36),
which indicating that annual temperature range decreases
step by step in about 50 years, from 24.3 °C the 1960s to
22.0 °C in the 2000s, declining by 2.3 °C.

All of the values suggested that the increasing coverage
of forest vegetation had a positive effect on the regional
climate and helped to mitigate climate change. The
increase in canopy density caused by afforestation allowed
a reduction in the duration of sunshine reaching the earth’s
surface. Plant transpiration and the consequent envapor-
transpiration resulted in increased humidity in the region,
so the water vapor pressure rose. At the same time,
increased forest coverage resulted in increased landscape
surface roughness reducing the wind speed at the surface
effectively. In addition, an important effect of forest veg-
etation on climatic adjustment was to reduce the annual
temperature range (Fig. Ic). All of these phenomena
interacted, resulting in comprehensive changes with
decreased surface wind speed, increased humidity, and
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Fig. 2 Meteorological elements and forest vegetation in Xuzhou.
a forest coverage rate (unit: %) and Normalized Differential
Vegetation Index (NDVI); b mean water vapor pressure (unit: hPa),
mean maximum wind speed (unit: m/s), mean sunshine duration (unit:
h); ¢ mean maximum and minimum temperatures (unit: °C). Error

decreases in the duration of sunshine and annual temper-
ature range in the Xuzhou region during the last 50 years.
When we compare the current conditions to the description
for the Xuzhou region in the early years immediately after
the founding of modern China in 1949 that was described
as, “Sand blown by wild wind was flying as high as three
feet, crops were buried by thick loess,” the current mod-
erate and moist climate here makes the Xuzhou region a
good place to live.

The effects of forest vegetation on climate mitigation
were also reflected in the seasonal changes in meteoro-
logical elements (Fig. 3). With four seasons, the rising
trend of the mean minimum temperature (see in Fig. 3a)
could be ranked as: summer (R = 0.94)> spring
(R = 0.92) > autumn (R = 0.78) > winter (R = 0.72). In
addition, the change of the mean maximum temperature
presents a weaker increase in autumn (R = 0.14) and
summer (R = 0.08) and showed no changed in spring. For
winter, however, the maximum temperatures present an
obvious downward trend (Fig. 3b, R = 0.88).

From the point of the temperature change of the four
seasons, the trends in the change of the mean minimum
temperature were larger than that of the maximum;

bars based on standard deviation (SD) are given, as indicated by color
short vertical lines, every specific value of SD shows in attached
Table 2, similarly hereinafter (color figure online)

however, winter showed the slowest increase of tempera-
tures. Even the highest temperature appeared to decrease
over time, which led to the fact that winter should expe-
rience the smallest rate of increase across the seasons for
temperature. Commonly, winter is a period with low crop
yield. The contribution of surface vegetation to regional
climate change mainly comes from evergreen forest veg-
etation in the area, such as Sabina chinensis, Platycladus
orientalis, Juniperus chinensis, Pinus thunbergii, Taxus
chinensis and Cinnamomum camphora, etc. All of these
species are easy to find in the Xuzhou Mountain forests;
this also fully illustrates the influence of afforestation on
improving the regional climate.

Water vapor pressure tended to increase in all seasons
without exception with an overall trend of winter (R =
0.87) > spring (R = 0.85) > autumn (R = 0.70) > sum-
mer (R = 0.52; Fig. 4). Figure 4 also shows a time
inflection point, i.e., the 1980s; after the 1980s, the four
growth ratios increase more remarkably than previously.

The actual water vapor pressure is a direct response to
the content of water in the atmosphere; it mainly comes
from evaporation of ground water and transpiration from
plant leaves. The surface water content basically remained
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Fig. 3 Mean minimum (a) and maximum (b) temperatures in different seasons (unit: °C)
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Fig. 4 Mean average water vapor pressure (unit: hPa)

unchanged in the Xuzhou area (Table 1). Usually, winter
experiences the lowest evaporation and the lowest cropland
coverage, therefore, winter should have the lowest water
vapor pressure values and also lower water vapor pressure
change rate; but the change rate showed quite the opposite.
This was caused by the role of underlying vegetation,
especially for green forest vegetation in winter as we
mentioned above. Furthermore, in terms of the question
about the transition time point (the 1980s), this transition is
mainly related to process of growth of forests. The national
and regional governments had promoted afforestation
starting in the 1960s in the Xuzhou region. After about
20 years, the plantation forests had gradually matured in
the 1980s, so effects on the increase of water vapor also
changed little by little. As a result, Fig. 4 shows a rapid
increase of water vapor after the 1980s, a trend that has
continued up to the present day. Also at this time, change
appeared in the annual vapor pressure (Fig. 2b) and the
annual temperature range (Fig. 2c), probably for the same
reason.

The mean maximum wind speed experienced a steep
declining trend in that winter (R = 0.99) > spring
(R = 0.98) > autumn (R = 0.94) = summer (R = 0.94);
even though winter has the least amount of crop vegetation
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coverage its R is the largest (Fig. 5). Farmland area in the
Xuzhou region decreased year after year (Table 1). Simi-
larly, Fig. 5 further demonstrates why the mean maximum
wind speed also decreased year after year; this occurred not
because of the role of crops but because the growth of
forests and their increased height increased the surface
roughness.

An analysis of all the above observations shows that
afforestation influences the changes regional climate in
Xuzhou including an inhibition of warming, an increase in
humidity and a reduction in wind speed and sunshine
duration.

4.2 Simulation Results

The above analysis only employed in situ meteorological
observations to study the influence of forest vegetation on
regional climate. However, because of the temporal-spatial
resolution limit, the results above may not thoroughly
represent the full climate change in this region. Therefore,
simulation was done by means of a regional climate model,
RegCM3. And the simulated results need to verify their
reliability; however, the detailed progress of verifying will
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not be presented, because the simulation data are too
extensive and the scale of the annual span is too large. Only
a simple example was given here, such as monthly surface
pressure (Fig. 6), using a consistent latitude and longitude
followed with the Xuzhou observational site. Each pair of
data was derived from observations and simulated values,
for a total of 12 dataset pairs. In the same location (i.e.,
observational site point), each pair of data was in a com-
parison. The values in the scatter figure are monthly mean
pressures during 1970-2000; each pair in the same month
exhibited a good match, and the correlation coefficient R
equals to 0.997, corresponding RMSE equal to 0.691.

v
115E 115.5E 116E 116.5E 117E 117.5E 118E 118.5E 119E 119.5E 120E

Wind speed at ground level suggests that surface wind
speeds decreased gradually over time in the Xuzhou region
(marked as a box in Fig. 7). Wind speed fell from 4.75 m/s
in the 1960s (Fig. 7a), to 1.42 m/s in the 1980s (Fig. 7b)
and 1.18 and 0.59 m/s, respectively, in the 1990s (Fig. 7c)
and 2000s (Fig. 7d). These simulated values are larger than
that of observations shown in Figs. 2b and 5, possible
reasons are: 1, observatory is located in the suburb of less
high and complex surface features, and the simulated had
to consider the whole surface roughness of Xuzhou region.
2, observations represent values at the height of 1.5 m
above ground, which is national standard in China, while
the simulated represents ground level, i.e., 0 m. 3, the
observational wind speed is just a value of one point, while
the values from simulation represent the whole Xuzhou
region. So, strictly speaking, the two types of value cannot
compare to each other directly, only we analyze their trend
change.

From simulation we can see that, in about 20 years, the
ratio fell by 70.1% from the 1960s to the 1980s; it fell
another 58.8% from the 1980s to the 2000s. In about
10 years, the decline ratio reached to 16.9% from the 1980s
to the 1990s, and increased to 50% from the 1990s to the
2000s (Fig. 7). Specifically, the wind speed not only
decreased, but the rate of decline increased after the 1980s.
Therefore, we can see that the simulated trend matches the
results of observational analysis very well; this shows that

115E 115.5E 116E 116.5E 117E 117.5E 118E 118.5E 119E 119.5E

115E 115.5E 116E 116.5E 117E 117.5E 118E 118.5E 119E 119,5E 120E

Fig. 7 Ground layer wind speed in the Xuzhou region (unit: m/s) a the 1960s, b the 1980s, ¢ the 1990s, d the 2000s
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Fig. 9 Mean water vapor mixing ratio at 2 m: a the 1960s, b the 1990s (unit: kg/kg)

the ground level wind speed is indeed declining from one
single point to the entire area in the Xuzhou region. Do not
take the effects of atmospheric circulation at higher alti-
tudes into consider, the decline is mainly caused by the
increasing underlying surface roughness caused by the
growth of forests; it is also may caused by the increase in
population density and urbanization. However, the contri-
bution of forest cover in reducing wind speed should not be
neglected [19].

As for water vapor, the simulative results just like the
analysis results from single meteorological site observa-
tions, i.e., the content of water vapor is increasing persis-
tently during tens of years in the Xuzhou region. Using the
more conspicuous change in the 1980s and 1990s as
examples, Fig. 8 shows the simulated results.

The mean relative humidity at ground level in the
Xuzhou area was 80.6% in the 1980s (Fig. 8a), increasing
to 82.2% in the 1990s (Fig. 8b), and increasing by 1.6%.
Relative humidity is the ratio between actual water vapor
pressure and saturation vapor pressure which is a monotone
increasing function of temperature. Based on data
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published by the China Meteorological Administration (
http://cdc.cma.gov.cn/home.do), mean temperature in the
1980s and the 1990s was 14.32 and 14.80 °C in Xuzhou,
respectively, increasing by 0.48 °C. Therefore, the corre-
sponding saturation vapor pressure should rise from the
1980s to the 1990s, and then the resulting relative humidity
should decrease for the same reason. However, the opposite
situation occurred: relative humidity increased with
increasing temperature and did not decline (Fig. 8).
Therefore, we believe that water vapor pressure is certain
to increase; this means the absolute water content in the
Xuzhou region atmosphere should also increase. Another
result also supports this conclusion: Fig. 9 shows the
simulated mean water vapor mixing ratio at 2 m height; for
example, the value was 9.68 kg/kg in the 1960s (Fig. 9a)
and increased to 10.35 kg/kg in the 1990s (Fig. 9b). This
increase in water vapor is closely associated with the
improved transpiration caused by the increase in forest
coverage, as mentioned above.

Figure 10 graphs the relationship between simulated
mean temperature in the entire area and the forest coverage


http://cdc.cma.gov.cn/home.do

The Afforestation Effect on Regional Climate: Take Xuzhou Region as an Example 349

14.2

14

13.8

13.6

13.4

temperature(TC)

13 >
10 15 20 25 30
forest coverge rate (%)

Fig. 10 The relationship between forest coverage (unit: %) and
simulate mean temperature (unit: °C)
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Fig. 11 The retrieved value of temperature in summer, 2006, in the
whole Xuzhou region

ratio in the 1960s, 1980s, 1990s, and 2000s, with the
ordinate showing the simulated temperature and abscissa
showing the forest coverage. A relatively obvious mono-
tone increasing function relationship is shown in this fig-
ure. Specifically, the increase in forest coverage ratio and
temperature is not directly showing a forest ‘cool’ or
‘warming’ effect on the climate. After anatomizing the data
we can see the results: followed with the widespread
increase in the forest coverage ratio, although temperature
does not decrease, the value of warming decreases mark-
edly. The warming reaches to 0.7 °C in the 20 years from
the 1960s to the 1980s; however, in the same time period,
i.e., from the 1980s to the 2000s the value is only 0.3 °C,
an increased that is 0.4 °C smaller. So the obvious truth is:
less forest coverage rate coupled with larger warming
value, and vice versa. In addition, the warming is far less
than the increase in forest coverage.

Figure 10 shows that the simulated mean value of
temperature is slightly less than the published data by
China Meteorological Administration in the analysis of
Fig. 8, which mentioned above. For example, the simulated

value is 13.92 °C in the 1980s and 14.00 °C in the 1990s,
being smaller than the published values of 0.4 and 0.8 °C
respectively. The main cause for this increase is believed to
be the urban heat island (UHI) effect which has been
observed in many Chinese cities [20]. The population of
Xuzhou only had far less than millions at the beginning of
establishment of the new China in 1949, now this number
has grown by the millions, nearing to ten million, and the
change of population density and urbanization do con-
tribute to the increase in the UHI effect. The UHI effect is
impossible to ignore; meteorological observations taken at
a single point located in the region have to be influenced by
this effect. The arrow in Fig. 11 indicates the location of
the meteorological station, i.e., the municipal district area,
which is located on the edge of the high temperature core
area, as we used Xuzhou region’s summer surface layer
temperature as an example; so, the temperature values
which was observed by local meteorological instruments
might be higher, whether these data can represent the real
condition of the entire Xuzhou region, we may be per-
mitted to doubt this. Some data from other sources should
be added, such as the simulated one in this paper. Fur-
thermore, though the simulated data may not reveal the true
situation; it really reflects the very possible mean value in
the entire region, not only including the urban area but also
covering the suburbs. This, to some extent, reduces the
influence of the UHI effect, so the value is slightly lower
than the observed value.

The large size of the study area made it difficult to
choose LANDSAT enhanced thematic mapper remote
sensing data for a single time period. Therefore, June was
selected for Fengxian and Peixian counties and August for
the other counties. The 6th band of LANDSAT contains the
infrared wavelengths, which contain surface thermal radi-
ation information, and finally allow acquisition of the
surface layer temperature [18, 19]. Then, data were
reclassifies using ArcGIS9.3 software. To study the distri-
bution of urban heat islands in the Xuzhou region, we
classified the surface layer temperature into five grades:
low temperature range (19.16-24.53 °C), intermediate
temperature range (24.53-25.61 °C), high temperature
range (25.61-27.13 °C), higher temperature range
(27.13-28.36 °C) and high temperature core range
(28.36-35.78 °C).

5 Conclusions and Discussion

The newest data shows that forests cover more than 32% of
the Xuzhou region. At present, forests cover 21.6% of
China as a whole account in for less than 3/4 of the world’s
mean value. Most of Jiangsu Province is a flat plain area
with only 14.8% forest cover. Therefore, the forest
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Table 2 Standard deviation values

1960s 1970s 1980s 1990s 2000s 2010-2013

Annual mean water vapor pressure 0.17 0.12 0.12 0.18 0.13 0.19
Annual mean maximum wind speed - 0.24 0.16 0.2 0.15 0.23
Annual mean sunshine duration 4.88 2.98 3.5 3.33 4.35 3.7

Annual mean maximum temperature 0.2 0.21 0.2 0.2 0.19 0.22
Annual mean minimum temperature 0.25 0.23 0.23 0.3 0.2 0.18
Mean minimum temperature of spring 0.25 0.12 0.22 0.4 0.2 0.2

Mean minimum temperature of summer 0.15 0.2 0.18 0.29 0.3 0.25
Mean minimum temperature of autumn 0.3 0.12 0.15 0.32 0.1 0.18
Mean minimum temperature of winter 0.4 0.23 0.38 0.3 0.38 0.08
Mean maximum temperature of spring 0.33 0.37 0.28 0.30 0.25 0.32
Mean maximum temperature of summer 0.30 0.30 0.22 0.2 0.31 0.15
Mean maximum temperature of autumn 0.20 0.31 0.32 0.33 0.28 0.31
Mean maximum temperature of winter 0.30 0.23 0.25 0.17 0.15 0.45
Mean water vapor pressure of spring 0.20 0.25 0.15 0.27 0.28 0.30
Mean water vapor pressure of summer 0.28 0.18 0.18 0.17 0.13 0.27
Mean water vapor pressure of autumn 0.30 0.20 0.21 0.23 0.16 0.21
Mean water vapor pressure of winter 0.13 0.11 0.14 0.10 0.14 0.20
Mean maximum wind speed of spring - 0.2 0.26 0.26 0.25 0.2

Mean maximum wind speed of summer - 0.3 0.28 0.29 0.25 0.18
Mean maximum wind speed of autumn - 0.15 0.2 0.12 0.16 0.23
Mean maximum wind speed of winter - 0.3 0.22 0.12 0.12 0.2

coverage and afforested condition of Xuzhou is the highest
of any region within Jiangsu Province, is about 10% higher
than the mean value for all of China and is about 17%
higher for Jiangsu Province. This region has transitioned
from the old saying that Xuzhou region has ‘Sand all over
the sky’ at the beginning of the founding of China in 1949
to the ‘tree-lined’ conditions now. The change has been
from ‘the earth scar’ to ‘the green engine of Jiangsu Pro-
vince;” the improvement and optimization of forest cov-
erage and environment are obvious to all of us;
afforestation must have made one of the greatest
contributions.

Based on analysis in this paper, the Xuzhou regional
climate change can be distinctly represented as follows: the
wind speed at and near the surface has declined sharply of
the past 40 or more years; water vapor pressure and
atmospheric humidity increased and improved; sunshine
duration decreased over time; the maximum temperature
decreased while the minimum temperature increased dur-
ing the same time periods, and the trend of the latter is
larger than that of the former, meaning the annual tem-
perature range decreases. In addition, we found that the
annual rate of increase of forest coverage is much greater
than rate of temperature increase; as forest cover has
improved and increased, the rate of temperature increase
has been decreasing. All of these also have obvious char-
acteristics related to time and season; temporal
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characteristics are expressed in the threshold of the 1980s.
After this time period, the trend of meteorological elements
changes is more clear; those changes also conform to the
concept that a forest affects the regional climate and that
effect is related to stand age [12], showing that mature
forests have better adjust actions on regional climate. The
seasonal characteristics of Xuzhou’s forest are embodied in
the season of winter, do the forest in winter contribute to
regional climate change by creating a rough surface and
providing transpiration, leading to the largest wind speed
declining trend and water vapor pressure increasing trend,
as well as the lowest mean minimum temperature
increasing trend, even presenting decline trend of maxi-
mum temperature, these features help us to realize the
effects of forest on regional climate change.

For the regional climate, though the influence of the
forest is not perfectly clear, and the data and methods used
in this paper inevitably have some limitations, the analysis
of the Xuzhou region still clearly indicates that increasing
forest coverage results in improved regional climate and
ecological optimized, based on single point observations
and simulated data covering the entire region. Reports
suggested that in the past Xuzhou was looked upon as a
city of ecological devastation with serious pollution, but
now Xuzhou have been reborn [21]. The city has had more
than 300 days good air quality days for 5 years, annual
precipitation amount of 1100 mm which is close to the
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average for the cities of Yangtze River basin, exhibiting
very good aquatic ecology which is rare among cities of
northern China. Experts at the national climate center said
restoration of the environment ‘is equal to relocating the
Xuzhou region toward the south by about eight hundred
miles.’

Acknowledgements This work was jointly funded by the special
fund project for the scientific research of the forestry public welfare
industry (No0.201304208), the National Natural Science Foundation of
China (Grant No.31400494 and No.31270587) and Jiangsu Provincial
Natural Science Foundation (No.BK20140977), and also funded by
the Priority Academic Program Development of Jiangsu Higher
Education Institutions (PAPD).

References

1. Schiermeier Q (2010) The real holes in climate science. Nature
463:284-287

2. Jenkins JC, Kicklighter DW, Aber JD (2000) Regional impacts of
climate change and elevated carbon dioxide on forest produc-
tivity. Ecol Stud 139:383-423

3. Zhu KZ (1973) A primary study on the climatic fluctuations
during the last 5000 years in China. Sci China 1:168-189

4. Cheng XR, Ki Yu M, Wu TG (2013) Effect of forest structural
change on carbon storage in a coastal metasequoia glyp-
tostroboides stand. Sci World J 830509:1-9

5. Lasch P, Lindner M, Erhard M, Suckow F, Wenzel A (2002)
Regional impact assessment on forest structure and functions
under climate change—the Brandenburg case study. For Ecol
Manag 162:73-86

6. Galos B, Goettel H, Haensler A, Preuschmann S, Matyas CS,
Jacob D (2009) Do forest cover changes have any feedback on
temperature and precipitation extremes over Hungary? EGU
General Assembly, held 19-24 April, 2009 in Vienna, Austria

7. Rangan H, Kull CA, Alexander L (2010) Forest plantations,
water availability, and regional climate change: controversies
surrounding Acacia mearnsii plantations in the upper Palnis Hills,
southern India. Reg Environ Change 10:103-117

8. Dela Cruz FRM (2010) Pact protects Canadian forests. Nature
465:279

9. Zhou GS, Xing XR (1995) Feedback of forest on climate. Chin
Bull Bot 12:190-194 (in Chinese)

10. Yang JK (2011) China’s new forests aren’t as green as they seem.
Nature 477:371

11. Fan BM, Li ZY (2010) Quantitative relationship between pre-
cipitation and forest changes in the past 4000 years in China.
Acta Ecol Sin 30:5666-5676 (in Chinese)

12. Liu GH, Fu BJ (2001) The role of China’s forest in global climate
change. The regional response to global change and physical
geography innovation seminar, Changsha, 2001, Geographical
society of China (in Chinese)

13. Wang HJ, Zhou H (2003) A simulation study on the eco-envi-
ronmental effects of 3N Shelterbelt in North China. Glob Planet
Change 37:231-246

14. Gao SH (1989) The possible influence of forest on climate.
Meteorol Sci Technol 113:52-87 (in Chinese)

15. Nie Q, Xu JH, Ji MH (2012) The vegetation coverage dynamic
coupling with climatic factors in Northeast China transect. Envi-
ron Manag 50:405-417

16. Dimri AP (2009) Impact of subgrid scale scheme on topography
and landuse for better regional scale simulation of meteorological
variables over Western Himalayas. Clim Dyn 32(4):565-574

17. Dimri AP (2012) Atmospheric water budget over the western
Himalayas in a regional climate model. J Earth Syst Sci
121(4):963-973

18. Cai RS, Tan HJ, Huang RH (2012) The relationship between
inter-annual variations of summer precipitation in eastern China
and the SST anomalies in the east China sea and its adjacent seas.
Chin J Atmos Sci 36:35-46

19. Stacey GR, Belcher RE, Wood CJ, Gardiner BA (1994) Wind
flows and forces in a model spruce forest. Bound Layer Meteorol
69:311-334

20. Li YY, Zhang H, Kainz W (2012) Monitoring patterns of urban
heat islands of the fast-growing Shanghai metroplics, China:
using time-series of Landsat TM/ETM+ data. Int J Appl Earth
Obs Geoinf 19:127-138

21. Shang JK (2010) water conservancy news. http://www.xzsl.gov.cn/
ReadNews.asp?NewsID=3803 (in Chinese)

@ Springer


http://www.xzsl.gov.cn/ReadNews.asp?NewsID=3803
http://www.xzsl.gov.cn/ReadNews.asp?NewsID=3803

	The Afforestation Effect on Regional Climate: Take Xuzhou Region as an Example
	Abstract
	Introduction
	Condition of Xuzhou Region
	Data and Methods
	Results and Analysis
	Observations Results
	Simulation Results

	Conclusions and Discussion
	Acknowledgements
	References




