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Multi-time Scale Analysis on the Cultivated Land
Quantity in China
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1. The Bureau of Land Resources Nantong, Nantong 226000, China; 2. School of Geographic and Oceanographic Sciences, Nanjing Universi-
ty, Nanjing 210093, China

Abstract This paper briefly introduces the concrete steps of EMD ( Empirical Mode Decomposition) method, and then applies EMD method into
the multi-time scale analysis on fluctuation of cultivated land quantity and its driving force in China since 1949. This paper also reveals the fluctuation
law in the amount of cultivated land quantity. At the same time, based on the fluctuation of different time scales, qualitative forecast on the fluctua-
tion trend of cultivated land quantity in China in future is carried out in order to offer references for establishing prediction model of cultivated land
quantity. Research result shows that downward trend of cultivated land quantity is inevitable in China in the future, showing a basic form of an expo-
nential decline during a short period of time. However, situation will be improved with the implementing of a series of land-control policies and paying
attention to the issue of rapid reduction of cultivated land. Thus, several suggestions are put forward: (1) strengthen the research and control on the
cultivated land quality in the overall land use planning; 2 enhance the continuity and durability of land macro-control; 3 intensify the protection re-
sponsibility of cultivated land for leadership at all levels.
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1 Background and significance

Cultivated land is an important natural resource for the
subsistence and development of the humankind. Maintaining a
certain amount of cultivated land is not only an important meas-
ure to ensure the food safety, but also the requirement for
maintaining China’s social and economic sustainable develop-
ment. China has a large population but little cultivated land.
Thus, changes in the number of cultivated land have drawn
great attention. Academic argument of " who will feed China"
was once very popular around the world'"’. Domestic academic
circle started to attach importance to the study on the change of
the number of cultivated land in the late 90’s. But most of them
are qualitative researches based on the land use/cover change
or regional comprehensive study affected by environment'?=%/.
In recent years, some scholars have started to attach impor-
tance to the change tendency of cultivated land and its mathe-
matical relation between driving force factors. And a large num-
ber of achievements have been made'®™""'. These researches
are singe-resolution based on traditional statistical methods.
But changes in cultivated land quantity are affected by many
factors with typical non-linear characteristics.

EMD ( Empirical Mode Decomposition) method is a meth-
od can handle non-stationary and non-linear signal well. Com-
pared with Fourier Spectrum Analysis, Wavelet Analysis and
other analysis methods for time series, EMD method can not
only handle non-stationary and non-linear signal well, but also
is intuitive, direct and adaptive based on experience. Tradition-
al Fourier Spectrum Analysis can obtain a very high resolution
within frequency domain. But there is no resolution in the time
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domain at all. Therefore, traditional Fourier Spectrum Analysis
seems powerless to analyze non-linear and non-stationary da-
ta, or its result has no a clear physical meaning. Wavelet Anal-
ysis has a certain frequency-domain resolution when maintai-
ning the time-domain characteristics of signal. But the uncer-
tainty principle of Wavelet Analysis restricts the improvement of
analysis accuracy; and a lot of false harmonics are pro-
duced'™-""!. Different from the two methods, EMD method can
decompose different scales of the fluctuations or trends in sig-
nal, and then produces a series of data sequences with differ-
ent characteristic scales. And each sequence is called IMF (In-
trinsic Mode Function). IMF component includes and highlights
the amount of characteristic information in original signal =",
Research result shows that EMD method is one of the relatively
good methods to extract dada array trends'""”’.

Application of EMD method in arable land fluctuation has
not yet been reported in China. Thus, we have tried to apply
EMD method in the multi-scale analysis on fluctuation and driv-
ing force of cultivated land quantity in China since the year
1949, so as to reveal the fluctuation law of cultivated land quan-
tity, and to qualitatively forecast the fluctuation trend of cultivat-
ed land quantity in China based on different time scales. On the
one hand, we can offer modeling basis for the prediction model
of cultivated land quantity in China, as well as certain basis for
safety early warning analysis of cultivated land. On the other
hand, recommendations can be put forward for policy-making.

2 Introduction of EMD method

EMD method decomposes time signal X(t) into a series of
intrinsic mode functions, with the following characteristics in
IMF component' """/, (1) according to the global characteris-
tics, the number of extrema is equal to, or at most one number
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different from, the number of zero; (2) mean value of two enve-
lope curves connecting both local minimum and local maximum
is zero at any point.

EMD is actually a circulated iterative algorithm, and can be
described by pseudocode:

(1) Initialize r,(t) = X(t) , where r,(t) is time series to
be analyzed.

(2) Extract IMF component by cyclic operation. (1) Let
h (1) =r,(t), j=1, where i is the extracting operation of the /"
IMF component, j is the operation in extracting the /" cycle of
the ith IMF component, r;(t) is the new time series after elimi-
nating 1,2,---,i—1 number of IMF component from original time
series. (2) Calculate the maximum value and minimum value of
h,_;(t). 3 Discrete extreme point in step (2) is introduced into
the whole time segment by cubic spline function, so as to ob-
tain maximum and minimum envelope and to calculate the arith-
metic mean m;_, (t) of envelope. (4 Calculate h,(t) =h_, (1)
-m_ (1) . ® If the sum of m;_, (1) inclines to zero and satis-
fies the IMF condition ), we have IMF,(t) = h;(t), indicating
that the ith IMF is successfully extracted. Thus, this circulation
is terminated and enters step 3); otherwise, let j=j+1, return
to b for circulation.

(3) Let r,(t) =r_, (1) —IMF,(1).

(4) If r,(t) still has at least 2 extreme points, let i=i+1,
return to step (2) for circulation. Otherwise, after all the IMF
components are extracted, decomposition process comes to an
end. And the obtained residual r;(t) is trend component.

After the iterative algorithm of EMD, time series can real-
ize decomposition;

X(t) = Simf,(t) +r,(1) .

IMF components obtained from the process of EMD are
decomposition process of different scales. High frequency sig-
nal is isolated from the low frequency signal; and trend compo-
nent r,(t) is finally obtained.

3 Multi-time scale analysis on the cultivat-

ed land quantity in China

3.1 Basic tendency of cultivated land quantity in China Fig. 1
illustrates the change of cultivated land quantity in China since the
year 1949, indicating that cultivated land quantity changes annually.
Area of cultivated land has increased year by year from 1949 to
1957. And then cultivated land shows a downward trend after
1958. During the year 2000 and 2003, the area has dropped
sharply, and then declined at a slower rate in the years 2004 —
2005, the same as the rate in 1958 —1999.

3.2 Multi-time scale analysis Fig. 2 reports the EMD of
cultivated land quantity in China since the year 1949. Five IMF
components and one trend component R are obtained through
EMD decomposition. Table 1 shows the IMF components and
the variance contribution of trend component R. Contribution
rate of trend component R is the largest (35.40% ), indicating
a significant trend of cultivated land quantity in China since the
year 1949. Contribution rates of IMF4 and IMF5 are 31. 52%
and 26.90% , taking the second and third places, respectively.
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Note . The data of 1949 —1996 and 1996 —2003 are from the ht-
tp://www. sannong. gov. cn, and the http.//www. agri.
gov. cn, respectively. Data of 2004 —2005 come from the Sta-
tistical Bulletin of National Economy and Social Development
(http.//www. sannong. gov. cn). Besides, due to the incon-
sistency of statistical caliber, data after the year 1996 increase
sharply. In order to achieve a unified standard, data are pro-
cessed according to reference [8]. So the data in this research
have all been processed.
Fig.1 Basic tendency of the cultivated land quantity in
China since 1949
This indicates that fluctuation scales of cultivated land quantity
in China are mainly the IMF4 and IMF5. According to the fluctu-
ation pattern of IMF4 (Fig.2d), cultivated land quantity in Chi-
na has experienced about one and a half periodic fluctuation,
showing a quasi-34-year fluctuation. However, according to the
fluctuation pattern of IMF5 ( Fig.2e) , cultivated land quantity in
China has experienced a periodic fluctuation, indicating a quasi-
57-year fluctuation.

Table 1 Variance contribution of IMF components and their or-
ders
Variance contribution // %
R 35.40
IMF4 31.52
IMF5 26.90
IMF3 3.39
IMF2 2.41
IMF1 0.38

Existing research points out that cultivated land quantity
shows a fluctuating change in China since 1949. But before the
year 1979, it increases on the whole. After the 1980s, cultivat-
ed land quantity shows a slow decline. After the year 1999, cul-
tivated land quantity decreases sharply due to ecological resto-
ration. Problems caused by this, such as food security and cul-
tivated land security, deserve our full attention. After a period
of rapid and large-scale ecological restoration, the speed of ec-
ological restoration in China will gradually slow down. And food
security and cultivated land security will become the major is-
sues affecting the change of arable land quantity in China.
Thus, strict protection policy for cultivated land is bound to be
implemented. It is expected that after the year 2010, cultivated
land quantity in China will become stable!"’, which has the
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Fig.2 EMD decomposition of cultivated land quantity in
China since 1949

same result as EMD method. According to the trend curve of
2f, arable land quantity maintains a steady increase in China
from 1949 to 1978; after the year 1978, arable land quantity
shows a rapid downward trend. What’s more, these two stages
basically change with an exponential form according to the
shape of curve. Therefore, it can be concluded that arable land
quantity in China will continue to decline in the future with an
exponential form within a short period of time. According to the
pattern of 34-year periodic fluctuation (IMF4 ) , cultivated land
quantity will keep an downward trend in China in the next 5 —10
years. However, according to a larger time scale (IMF5), cul-
tivated land quantity will gradually go through the trough phase
in the next 5 —10 years. The situation will be improved with the
implementation of a series of land-control policies and the
government’s paying attention to the issue of rapid reduction of
cultivated land.

4 Analysis of driving force

Analysis of driving force will help to grasp and analyze the
direction of future changes in cultivated land. Driving force for
the change of cultivated land mainly includes three aspects,
which are natural factor, social factor and economic factor. A-
mong them, natural factor is mainly the damage caused by nat-
ural disasters. China is a country having serious flooding, de-
sertification and other natural disasters. Cultivated land area
damaged by disasters reaches about 45 thousand hectares on
average each year . With the improvement of disaster pre-
vention capacity in China, part of the cultivated land damaged
can be reconstructed and reused in future. Therefore, it is be-

lieved that land area damaged by natural disasters will gradually
be reduced™® . Impact of natural factors on cultivated land will
become smaller; and the influences of economic and social fac-
tors will become larger. It is concluded that driving forces of
policy, economy and population are the main socio-economic
factors affecting the quantity change of cultivated land'*’. And
the fluctuation of cultivated land area is mainly caused by the
factors of policy. However, under the market economy of mac-
ro-control, policy-making is mainly based on socio-economic
development situation. Thus, EMD analysis on population and
economy can be conducted based on relevant data through ex-
tracting their change characteristics, so as to grasp the change
trend of cultivated land in China.

Fig.3 and 4 carry out EMD decomposition of the population
and GDP in China since the year 1949, respectively. As a re-
sult, population obtains one IMF component and one trend
component ; while GDP has two IMF components and one trend
component. Table 2 reports the variance contribution of each
IMF component and trend component R. According to the vari-
ance contribution of population, contribution rate of trend com-
ponent R reaches 99.90% , which is extremely big, indicating
that population trend is very significant in China after 1949.
Based on the curve of trend component ( Fig. 3b), China’s
population trend shows a rising trend since the year 1949 and
will continue to rise in the future. According to the IMF compo-
nents ( Fig. 3a), population fluctuates greatly in China before
the 70s, and then gradually shows a smaller fluctuation after
the 70s. In recent years, amplitude of fluctuation is relatively
small. According to the variance contribution from GDP decom-
position, contribution rate of trend component R reaches as
high as 85.21%, followed by IMF2; and contribution rate of
IMF1 (only 0.20% ) is the smallest. This indicates that China’s
GDP has a more obvious trend since 1949. Fig.4c shows a ba-
sically " U" type with a downward trend before the 70s and a
steady exponential increase after the 70s. According to the
shape of IMF2 component (Fig.4b), China’s GDP has experi-
enced a periodic fluctuation since 1949. China’s economy will
go through the trough phase with 54-year scale in the future,
and move towards the next peak.

According to the EMD decomposition results of population
and EMD, the two have very significant trend. Judging from the
trend curve, they will continue to rise in future, which is con-
sistent with the result of previous research'®’. Because popula-
tion and GDP have a negative impact on the change of cultivat-
ed land, each round of the substantial growth of GDP is accom-
panied by a new round of landslide of cultivated land. Peak pe-
riod of GDP exactly corresponds to the trough period of cultivat-
ed land. At present, China’s national economy is at a period of
rapid development with the improvement of urbanization level.
Along with this, a large number of rural surplus labor forces
come into cities and turn into urban population. Therefore, es-
tablishment of a large number of new cities is promoted. Mean-
while, with the development of socio-economy, existing cities
and towns need to adjust their industrial structure, and to carry
out modernization construction and renovation of the old city,
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which will occupy part of cultivated land ™', Therefore, it is in-
evitable that the amount of cultivated land quantity in China will
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Fig.3 EMD decomposition of population and GDP in
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5 Conclusion and suggestion

Based on the EMD decomposition of cultivated land quanti-
ty and two driving factors since 1949, the following conclusion
can be obtained: (1) cultivated land quantity in China will inevi-
tably decline in future; and it will be in a basic form of exponen-
tial decline during a short period of time according to the trend
curve analysis of EMD decomposition for cultivated land quanti-
ty in China; @ according to the 34-year periodic fluctuation,
cultivated land quantity in China shows a downward trend in the
next 5 —10 years. However, according to a larger time scale,
cultivated land quantity will gradually go through the trough
phase within 5 —10 years. The situation will be improved with
the implementation of a series of land-control policies and the
government’s paying attention to the issue of rapid reduction of
cultivated land.

Table 2 Variance contribution of the IMF components of popula-

tion and GDP %
ltem Population component GDP component
IMF1 0.10 0.20
IMF2 - 14.59
R 99.90 85.21

Based on the above analysis, we put forward several sug-
gestions. (1) Strengthen the research and control on cultivated
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land quantity during the overall planning of land use. According
to the current situation of rapid economic and population
growth, it is very difficult to maintain the 120 million hectares
arable land. We can further approve the bottom line of cultivat-
ed land from the aspects of improving grain unit yield and preci-
sion agriculture and adjusting people’s diet structure, so as to
coordinate the relationship between the cultivated land and the
economic construction and social development“g]. (2) Strengthen
the sustainability and durability of land macro-control. Since the
year 2003, land quantity has become a tool to implement national
macro-control and the Ministry of Land and Resources has be-
come an important department for macro-control. A series of
land policies have been put forward and have been adjusted
combined with other policies. Remarkable results are achieved
on slowing down the rapid decline of arable land area and keep-
ing down occupation of land. We should perfect the existing
structure and function of regulation system in future, and fully
exert the function of land policy on macro-control. (3) Strengthen
the responsibility of administrative leadership for cultivated land
protection.

Moreover, applying EMD method in the analysis on culti-
vated land change and its driving factors can help to further
grasp the characteristics and rules of cultivated land change,
offering new theoretical tools for an in-depth exploration on the
complexity and quantitative forecast of cultivated land change.
EMD method has significant advantages in treating with non-lin-
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ear and non-stationary series, compared with traditional statisti-
cal methods and power spectrum analysis. However, there are
still some problems in EMD method. For instance, during the
process of EMD decomposition, interpolation operation of sig-
nal is needed. But due to the shortage of data quantity at signal
edge, edge effect becomes inevitable'®'. Therefore, how to
improve these shortcomings will be an important task for future
research.
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