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Abstract: During the global warming, the duration of drought is increasing and the impact on forest
ecosystems could be further intensified. It is always a concern that diverse forests respond to different
duration of drought differently. In this research, the non-parametric Wilcoxon test was used to
compare the forests’ growth state in short-term drought (2001-2008) and prolonged drought
(2009-2014), which based on the best time scale of SPEI that obtained by the correlation between
MODIS EVI and SPEI. The results show that (1) the relationship between the June of EVI and the 5
months scale of SPEI (SPEI-5) is most close; (2) The growth state of two forests is similar in the
short-term drought years, but natural forests are greater affected by prolonged drought than planted
forests, and the percentage of planted forests with better growth state more than natural forests. The
duration of droughts will increase continuously in the future, given that we suggest more attention
should be paid to natural forests.

Introduction

During the global warming, the frequency, duration, intensity and scope of extreme weather events
are increasing with the changes of global precipitation patterns [1,2]. The pressure on natural
ecosystems is increasing with the increasing of the impact intensity, such as drought [3-5], and the
response of forest ecosystems to drought is followed with great interest [6].

In recent decades, the area of planted forests has been ever increasing with the grown of human
activity’s influence [7], but whether will planted and natural forests respond to drought differently
remains controversial, such as the adaptive capacity and the stability of ecosystems [8-10]. The
similar research used the stem diameter, the net primary productivity and other indicators to compare
the differencein response of planted and natural foreststo drought [11-13]. But the research will serve
the forests’ growth state as the indicator to compare the difference in response of planted and natural
foreststo different duration of drought.

Data and method

Area
Y unnan Province is located in southwest China (97.52°E ~ 106.18°E, 21.13°N ~ 29.25°N) (Fig. 1)
[14], and various degree of drought occurred during 2001 to 2014 years [15,16]. The area of planted
and natural forests contribute about 23.71% and 76.29% in Y unnan respectively, so the Yunnan
province is an ideal place to research the difference in response of planted and natural forests to
different drought.
Data
MODI S data

The map of planted and natural forests from the eighth forest inventory data of china (2009-2014)[17]
was the latest and more precise forest of distribution information [18].

Theforests’ growth state will be characterized by the vegetation Index (MODIS EVI) that was got
from the Land Processes Distributed Active Archive Center (2001-2014 years, 16 days, 500m). To
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improve the comparability, EVI was standardized to EVI standardized anomaly (ESA) based on the
mean and standard deviation of EVI during non-drought years.

M eteorological drought index
The standardized precipitation evapotranspiration index (SPEI) will be selected to characterized the
drought [19,20], which was calculated based on the monthly average temperature and precipitation
(1960-2014) from 30 meteorological stations in Yunnan province (Fig. 1). The SPEI calculation
program was applied in this research comes from the DIGITAL.CSIC [21].
Method

Choose the best time scale of SPEI
In order to accurately characterize the drought, the best time scales of SPEI need to be determined
[22,23]. Firstly, the relationship between EVI (1-12 months) and SPEI (1-12 monthstime scale) in all
sites were established, and the number of sites that the relationship was passed the significance test
will be counted. Finaly, the best time scale that with the maximum of cumulative frequency was
determined.

Test thedifferencein response of planted and natural foreststo drought
The probability of the ESA less or more than two standard deviations was quite small, so the change
in the forest area with ESA values less than -2 (more than 2) could represent the extent of forests
suffering water stress (healthy growth) [18]. Then, the percentage of each intervals (ESA < -2 and

ESA > 2) was summarized and compared by non-parametric Wilcoxon tests.
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Figure 1. The area of research.

Comparethe best time scale of planted and natural forests

Giving the correlation coefficient between June of EV1 of planted forests and the 5, 8 months of SPEI,
more than half of the sites (55.56%) pass (the significant test (p<0.05). Consistently with the result of
planted forests, the natural forests show the best relation between June of EVI and the 5 months scale
of SPEI, and that sites pass the test significant account for 59.26 %. Therefore, to reduce the influence
of time scales [9], the SPEI-5 and the ESA-6 were unified used as the indicators to characterize the
intensity of drought and the changes of forests’ growth state respectively.

Thedifferencein response of planted and natural foreststo different drought

Comparison the sensitivity of planted and natural foreststo drought

The time trends in the SPEI-5 (Fig. 2a) show that various drought events (SPEI < -0.5) [24] occurred
in 2005-2006, 2009-2014 years. So, the mean and standard deviation of EVI during 2001-2004 and
2007-2008 years were regarded as the computing base of ESA. According to the duration of drought,
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the research period was divided into 2001-2008 and 2009-2014 years, which presents short-term
(2001-2008) and prolonged drought (2009-2014), and the difference in response of planted and
natural forests to each drought were compared respectively.

The Figure 2 seemsto be asimilar and downward trend for SPEI-5 and ESA-6 from 2001 to 2014.
The Pearson correlation coefficients of ESA-6 and SPEI-5 between planted and natural forests was
0.78 (p = 0.001) and 0.84 (p < 0.001) respectively. It reveals that planted and natural forests are
sensitive to drought, but the natural forests are more sensitive to climate change than planted forests,
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Figure 2. The time trends of (a) SPEI-5 and (b) ESA-6.
Thedifferencein response of planted and natural foreststo different drought
In the short-term drought years (2001-2008), the percentage of planted and natural forests can’t pass
the significance test (the P values is 0.093 and 0.069 respectively) (Table 1) in ESA-6 < -2 and
ESA-6 > 2 intervals (Fig. 3), which reveals the consistent response of planted and natural forests to
short-term drought.

In the prolonged drought years (2009-2014), the percentage of planted and natural forests pass the
significant test in the ESA-6 < -2 and ESA-6 > 2 intervals, which shows a significant difference
response in prolonged drought, what’s more, the percentage of planted forests is lower than natural
forestsin the ESA-6 < -2 interval (Fig. 3) and greater than natural forests in the ESA-6 > 2 interval
(Fig. 3). That is, al forests are impacted by prolonged drought, but the growth state of natural forests
affected by prolonged drought is greater than planted forests, and the percentage of planted forests
with better growth state more than natural forests.
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Figure 3. The difference in response of planted and natural forests to short-term drought (2001-2008)
and prolonged drought (2009-2014).

681



£

ATLANTIS
PRESS Advances in Engineering Research, volume 63

Table 1. The non-parametric Wilcoxon test between planted and natural forestsin the short-term
drought (2001-2008) and prolonged drought (2009-2014).

2001-2008 P value N-negative N-positive
ESA-6<-2 0.093 2 6
ESA-6>2 0.069 7 1
2009-2014 P value N-negative N-positive
ESA-6<-2 0.028 0 6
ESA-6>2 0.028 6 0

N isthe difference between the number of planted and natural forests. N-negative represents the
numbers of the percentage of natural forests less than planted forests. N-positive represents the
numbers of the percentage of natural forests more than planted forests.

Discussions

Consistent response of planted and natural forests to short-term drought, it is possible that two types
forests unaffected by short-term drought, because forests may have conservative water and deeper
root systems that can mitigate the effects of short water shortages on vegetation [25,26]. However,
natural forests are greater affected by prolonged drought, which may be the long and intense drought
could affected natural forests physiological structure [27] and greater than that of planted forests. And,
the reason for the percentage of planted forests with better growth state more than natural forests in
prolonged drought years, may be that planted forests have received more human management, such as
being located in relatively moist environment with more irrigation [28], so the sensitivity of planted
forests to water deficits will be reduced [11].

There were still some uncertainties in the study, because of some human errors in forest inventory
process, and the limitation of materials, such as the spatial distribution of the drought intensity, and
the errors caused by interpolation were unavoidable, thus, the provincial SPEI-5 was used for every
forest type[18].

Conclusions

To compare the difference in response of forests to different drought, the short-term and prolonged
drought was divided in the study. The results show that (1) June of EVI and the 5 months of SPEI
(SPEI-5) is most close. (2) The response of planted and natural forests to short-term drought is
consistent, while significant different response to prolonged drought, that is, natural forests are more
strongly affected by prolonged drought than planted forests, and the percentage of planted forestswith
better growth state more than natural forests. (3) So more attention should be paid to natural forests.
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