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Abstract

According to statistical results, 20% of the Amazon basin® original forest has been
converted to pastures or croplands by 2018 due to the deforestation since 1970.
Studies with large spatial scale demonstrate that these changes lead to a decrease in
evapotranspiration and contribute to a decline in rainfall. However, the effect of this
transformation on local precipitation is far from clear. In addition, it still remains unclear
that the effect of afforestation on local precipitation. Through the study, it is expected
that the results could contribute to a deeper understanding of response of precipitation
to vegetation change. By this way, the present study performs the temporal trend
analysis and neighboring effect analysis of the annual time-series of Amazonia and
southeastern China local precipitation and tree cover data over the period of 1998-
2016 (except 2000) and 2001-2016 with the resolution of 0.25° by 0.25°, respectively.
The Mann-Kendall (MK) test was applied to quantify the significance of trend and then
regression analysis was implemented to explore if there were significant correlations

bet ween center positionés t r eaton.dnorelatian toa n d

tendencies, downward tree canopy trends were detected in the southeastern
Amazonia. In addition, upward tree canopy trends were identified for half of the
southeastern China. The neighboring effect is not obvious in both research area. For
Amazonia, only 5% results show moderate correlations in each month and this number
varies from 3 to 10% in southeastern China of each month. Generally, basing on the
research results, it can@ be concluded that the local precipitation is associated with
local and around tree cover ratio and studies with finer resolutions are expected in the
future.



Introduction

According to the UniAgrieullure Deganizationsad estimateddl8
million acres (7.3 million hectares) of forest are lost each year. Deforestation is
regarded as one of the primary reasons for global climate change as it can affect the

global carbon cycle and reduce local biodiversity (Bala et al., 2007; Barlow et al., 2016).

In addition, as forest plays an important role in water cycle, the substantial loss of
forests can impact water and energy cycle directly or indirectly (D'Almeida et al., 2007;
Lettau et al., 1979). The direct effects of a conversion of forest to grassland on the
water and energy budgets are relatively well known. Trees can reach water deeper in
the ground and consequently to transpire longer into the dry season. While grasses
are unable to reach these deeper soil layers which limits the water transpiration.
Therefore, the excess radiation at the land surface over a dry grassland will be emitted
into the atmosphere as sensible heat (Taylor et al., 2012). However, the effect of these
changes in the energy balance on precipitation triggering are less clear. This study will
focus on exploring the indirect effect of deforestation on local (0.25-degree x 0.25-
degree) precipitation and its spatial patterns. In addition, to get a better understanding
of the relationship between tree cover ratio and local precipitation, the effect of
afforestation on precipitation with same resolution will also be investigated.

The Amazonian and southeastern China are selected to represent the deforested and
afforested areas respectively (Figure 1). And the figure 2 illustrates the annual change
of mean tree cover ratio and precipitation of the areas marked by red rectangles in
figure 1. Generally, the tree canopy in Amazonia demonstrates a decreasing trend, in
contrast, the tree canopy in southeastern China had slightly increased. The Amazonian
rain forest has incurred a large-scale deforestation since 1970, when strategic
governmental plans first attempted to promote the economic development across the

and

region.Andbyt he early 1990s, mor eoriginblforesttia@l8éenof t he

converted to pasture or cropland (Fearnside,1993). The situation has been sustained,
and the latest survey shows that 20% of Amazonian forested land had been cleared
by 2018, following with a series of ecological and social problems (INPE, 2018). Many
macroscale studies agree that large-scale deforestation in Amazonia leads to the
reductions in precipitation, evapotranspiration, moisture convergence and runoff, along
with increments in surface temperature (D'Almeida et al., 2007). In contrast,
observational mesoscale studies have linked deforestation to increased precipitation
locally (Costa & Foley,1999; Chen et al., 2001; Costa et al., 2003; Durieux et al., 2003;
Marengo, 2004; Negri et al., 2004). Mesoscale circulations induced by a
heterogeneous land surface could enhance cloudiness and local rainfall (Wang et al.,
2000). One research conducted in Southwest Brazil with the resolution of 0.5° by 0.5°
found that in the dry seasondue to the differential

forestation, there were more precipitation over the deforested and nonforested regions
than over areas of dense forest (Negri et al., 2004). Since the deforestation in 1970,
kinds of land cover patterns have formulated, and the neighboring effect of vegetation
changes on the local precipitation is still unclear. Marengo (1995) proposed a
hypothesis that the deforestation may affect the water cycle in Amazonia at subgrid,
undetectable scales. Inspiring by this, the present project explores the relationship
between tree cover ratio and precipitation with a finer spatial resolution of 0.25° x 0.25°,

and try to yield a deeper understanding of the response of precipitation to deforestation.

In contrast to the Amazon, due to the reforestation and afforestation programs, the tree
2
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canopy in southeastern China has increased 34% in 2016 compared with that in 1982
(Song et al., 2018). Generally, afforestation can mitigate the climate change as the
growth of forest could increase carbon capture and carbon sequestration, which will
slow the global warming. However, this climate effect of new forests depends on the
radiant and turbulent energy fluxes over the plantations, for instance, a lower albedo
may cause warming, which negates the climatic benefits of carbon sequestration
(Peng et al., 2014). In the respect of the influence of it on precipitation, a large-scale
study found that the afforestation in the mid-latitudes results in a northward shift of
precipitation belts, and the most notable changed in precipitation over land happened
in Brazil, including a drying of the southern edge of the Amazon forest and the increase
in precipitation in the Sahel region of Africa (Swann et al., 2012). One model research
conducted in east China found that the precipitation significantly increases annually in
response to afforestation. Moreover, the rainfall is enhanced locally over the afforested
region in summer, while in winter the increases not only occur in afforested region but
also the adjacent ocean area (Ma et al., 2013). Differ from the past, in this study, the
relationship of afforestation and precipitation will be investigated basing on the data
from observations with a more precise degree.

Based on the research objectives the following research question is formulated:

How does the land cover change influence the local rainfall patterns in the Amazon
and southeastern China?

In order to answer the main question, following sub-questions needed to be answered:
1. whether rainfall increases or decreases with the change of tree canopy;
2. what the spatial size of this effect is;

3. how does it relate to the amount of deforestation or afforestation;
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Figure 1. The maps showing the research areas. (a) Amazonia; (b) southeastern China



Average annual tree canopy (%)

100

95 -

90 -

85

80

75

70§

65 -

60

551

50 L L L L L L 0
1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

year

2500

2000

1500

1000

500

Average annual precipitation(mm}

Average annual tree canopy (%)

Figure 2. The average annual tree canopy and

Amazonia(a) and southeastern China(b).

90

80

70

60

50

40

30

20

(b)

1400
v 1350
11300
11250
11200
1
1150
11100
11050

11000

2002

2004

2006

2008
year

2010

2012

2014

950
2016

Average annual precipitation(mm)

precipitation change of selected areas in



Methodology

Data

Deforestation and precipitation data with the format of Network Common Data Form
(NetCDF) are derived from TRMM and MEaSUREs projects respectively. The Tropical
Rainfall Measuring Mission is a joint mission between the National Aeronautics and
Space Administration and the Japanese Aerospace Exploration Agency designed to
monitor and study tropical rainfall, and especially to improve understanding of the
distribution and variability of tropical precipitation (Kummerow et al., 1998). The 3B42
product includes daily precipitation rates at 0.25° resolution and is available from 1998
to 2018. The NASA Making Earth System Data Records for Use in Research
Environments (MEaSURES) Vegetation Continuous Fields (VCF) Version 1 data
product (VCF5KYR) provides global fractional vegetation cover at 0.05 degree (5,600
meter) spatial resolution at yearly intervals from 1982 to 2016. Fractional vegetation
cover (FVC) is the ratio of the area of the vertical projection of green vegetation above
ground to the total area, capturing the horizontal distribution and density of vegetation
on the Earthdés surface. The three bands inclu
percent of tree cover, non-tree vegetation, and bare ground. The available precipitation
data of Amazonia is from 1998 and that of southeastern China is from 2000 and the
vegetation change data of 2000 is not included in VCF5KYR product, by this way, the
research period of two areas are 1998-2016 (except 2000) and 2001-2016 respectively.
The research area of Amazonia contains 13433 grid cells within 15.125°S to 9.875°N,
and 77.875 to 44.875°W. The research area of southeastern China contains 3149 grid
cells within 23.125 to 34.625°N, and 105.775 to 122.475°E (Figure 1).

Foll owing figure deri vedVArsKyRiprduwinghawsigegp aper r el
long-term change (1982-2016) of tree canopy (TC) cover, short vegetation (SV) cover

and bare ground (BG) cover globally. Every land pixel is characterized by its per cent

cover of TC, SV and BG, representing the vegetation composition at the time of the

local peak growing season (Song et al., 2018).

Figure 3. A satellite-based record of global TC, SV and BG cover from 1982 to 2016. Target
research areas are in the red boxes. Circled numbers in the color legend denote dominant
change directions: 1, TC gain with SV loss; 2, BG gain with SV loss; 3, TC gain with BG loss;
4, BG gain with TC loss; 5, SV gain with BG loss; and 6, SV gain with TC loss (Song et al.,
2018).



Statistical analysis

The whole statistics analyses were achieved in Matlab, and the main methods are
Mann-Kendall (MK) test and regression analysis. The program is listed in the appendix
l.

Preliminary Data Processing In this study, the relationship between monthly
precipitation and the tree canopy in each year is explored. As the TRMM data is daily,
the first step in the analysis process is to add up the daily precipitation to get the
monthly precipitation (Appendix I). Due to the difference between resolutions of two
data product, one grid in TRMM product contains 25 grids in VCF5KYR product (Figure
3), by this way, the next step is transferring the resolution of VCF5KYR product into
0.25°x0.25°. The following equation is used (Appendix I):

% "Y ¥ v 1)

Mann-Kendall test The Non-parametric Mann-Kendall test is commonly employed to
detect monotonic trend in series of environmental data, climate data or hydrological
data. The null hypothesis, Ho, is that the data come from a population with independent
realizations and are identically distributed. The alternative hypothesis, Ha, is that the
data follow a monotonic trend. The Z-transformation can be calculated after the test,
and for the certain confidence level U, ifss : 7, the Ho is refused which means
that the data has significant increase or decrease with the confidence level U (Pohlert,
2016). The procedure is as follows (Huang et al., 2013):
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First, the above formula is applied to calculate the statistic S (Eq.2), and the n is the
sample size. S is approximately normally distributed when nG8, with the mean and the
variance as formula (Eq.4) and (Eq.5):
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Where t i is the number of the ties of extent i. The standardized statistic (Z) for one-
tailed test is formulated as:
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In this study, the MK test is conducted to find the grid that the tree cover ratio or
precipitation of it had significant changed in the research period with the significance
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level of 95%(Appendix I). The Ho is that there is no significant trend of tree cover ratio
in the target grid cell or there is no significant trend of the precipitation in the target grid
cell. The results than be used as the benchmark for the analysis of neighboring grid
cells.

Regression analysis Regression analysis is a
set of statistical processes for estimating the
relationships among variables. For this study, the
tree cover ratio is the independent variable (X)
and precipitation is regarded as the dependent
variable (Y), meanwhile, as there is only one
independent variable, the simple linear
regression analysis is implemented (EQ.7).

9 r r8 x (7) >

93]
Through the analysis, the relationships can be =Y «—>
expressed mathematically in terms of a 0.2%°

correlation coefficient (R) which varies from -1t0  rigure 4.The diagram of statistical

+1, where %1 indicated the strongest possible analysis. The regression analysis in

agreement and 0 means the strongest possible conducted between green grid cell and

disagreement. In addition, the R-squared value Surrounding 9 or 24 white grid cells.

(coefficient of determination) is used to evaluate

the goodness-of-fit of the regression model and can be interpreted as the proportion

of response variation fdexpl ai nladederah R=1t he regr
indicates that the fitted model explains all variability in dependent variable, while R?=0

indicates no linear relationship.

First, the regression analysis is conducted to detect the relationship of tree cover ratio

and the local precipitation. Second, in order to explore whether the neighboring effect

is different in each direction as well as the scope of this effect , the grid cell which tree

cover ratio have significantly changed is selected as the central cell and the regression

analysis is applied on its tree canopy and 24 surrounding cellsbprecipitation (Figure 4

& Appendix I). Furthermore, as the relationship of tree canopy and surrounding mean

precipitation is not clear, the regression test is also used to detect the connection

between tree canopy and 9 or 24 surrounding cells6 mean pr éwith the t at i on
resolution of 0.75° and 1.25°, respectively) (Figure 4).



Results
Mann- Kendall test
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Figure 5.The MK test results of Amazonia and China. (a) shows the grid cells where the tree
cover ratio has significant upward or downward trend in the Amazonia from 1998 to 2016
(except 2000). (b) is the result of southeastern China from 2000 to 2016. Strong upward trends
happened in the yellow grid cells, while significant downward trends occurred in the blue grid
cells.

Tree cover ratio trend Figure 5 is the Mann-Kendall trend test result of tree cover
change in Amazonia and southeastern China, and the grid cells that tree cover ratio
had significant upward or downward trends with the confidence level of 95% are
marked by yellow points and blue points, respectively. The Amazonia research area
contains 13,433 grid cells and 1,504 of them had undergone significant tree canopy
ratio change, and the significant vegetation changes had occurred in1,566 of 3,149
grid cells in southeastern China. In the figure 5a, large-scale deforestation occurred
mainly in the southeastern part of the Amazonia, while near the coastline in the
southwest, the tree cover ratio had significantly increased. However, the most negative
trends took place along the same coastline. More upward trends distributed
dispersedly in the middle and northern Amazonia. In contrast, the significant increase
of tree canopy had happened in half of the research area in southeastern China since
2000 and only few downward trends are observed in northeastern area, close the
coastline.

Precipitation trend Figure 6a illustrates the Mann-Kendall results of the monthly
precipitation in Amazonia. Strong increasing trends occurred relatively less and
distributed dispersedly, and can be found in the northeastern part in February and the
middle region in March and July. In contrast, the distribution of significant decreasing
trends is more concentrated and can be observed in the southwestern corner for each
month. In January, March, June, September and October, significant decreases took
place in the northern part of the Amazonia. Furthermore, large-scale downward trends
can be observed in the southeastern region in July and August.

Figure 6b gives the spatial distribution of significant trends in precipitation detected by
the Mann-Kendall test in southeastern China. In general, the consistently similarity is
not found among the trends of precipitation in different months. In January, February
and December, the precipitation in western region of research area demonstrates a
decreasing trend, while the increasing trends more happened in the eastern region in
May, June, October and November. Strong decreasing trends can also be found in the
northern part of July and northwestern of December. The interesting thing is that in
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September, the upward trends occurred in large amount of grid cells across the
research area from west to east.
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Figure 6.The MK test result of monthly precipitation in Amazonia (a) from 1998 to 2016 (except 2000), and in southeastern China (b) from 2000 to 2016. The
green region means that there was no significant change in the research period, while the precipitation in yellow and blue grid cell had significantly increased
and decreased, respectively.
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Regressiortest

(b)

Figure 7. The regression analysis results of tree cover ratio and local precipitation (a), and the results of the cells that tree cover ratio had significantly changed
(b) of Amazonia (p=0.05) The grid cell which two variables have strong correlation is marked by red circle (b).

11
















































