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ABSTRACT:

In order to grasp the amount of water resources for agricultural production in Asian region, the map of cropping pattern
iS necessary.

In this study, we tried to create the cropping pattern map of East China using time-series NOAAAVHRR NDVI
10-days composite data (1997-1999). The LMF method was used as the periodic function in this study, and in
consequence, we confirmed that LMF method was effective to identify single or double cropping field.

1. Introduction

In Asian countr ies, especiallyin China the largest cereal producing country in the world, the water shortage is
becoming a serious problem, and the optimal water resource management is needed. In order to understand te
amount of the agricultural water resources in Asian region, an agricultural map is required. However, it is difficult to
obtain the reliable agricultural map of an Asian region where a variety of agricultural type exists in the large area. Itis
expected that the satellite remote sensing technology can sdve these problems .

The NOAA AVHRR data are well used to analyze the change of vegetation in global scale studies and the
time series analysis using profiles of normalized difference vegetation index (NDVI) is well used. Time series analysis
of satellite data such as standardized principal component analysis (Eastman and Fulk 1993) or Fourier analysis
(Andres et al. 1994, Azzali and Menenti 2000), are useful technique to obtain the information of seasonal vegetation
change characterized as phenology. Jakubauskas (2001) used the harmonic analysis to characterized seasonal
changes for natural and agricultural land use/land cover in Finney County, U.S.

In former research, we had developed the LMF (Local Maximum Fitting) time series processing (Sawada
2001). This processing consists of the time series filtering and the fitting processing. The feature of the LMF processing
is to be able to remove clouds, and to be able to capture the seasonal variation of the natural vegetation. We had
considered that the LMF parameters estimated in the initial fitting processing could be used for crop-identification. In
this study, we developed the methodologyfor creation of the agricultural map of an Asian region by using the LMF, and
created the agricultural map of the east part of China.



2. LMFfitting parameters

The LMF is atime series processing which integrates the time series filtering and the fitting processing. The
effects of clouds, hazes, and system noises, etc. are removed from the time series data of each pixel by this
processing. The function is shown by equation (1).
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Where ¢ are coefficients, t is time. The first 2 terms are aperiodic terms, and other terms are the seasonal
variation term. Since it becomes the 36 image/year, M is equal to 36, when 10 days maximum value composite data
for one year are used. As a periodic function, by assuming that six periods (1 year, half year, 4 months, 3 months, 2
months, 1 month) might be used, k; are {1, 2, 3, 4, 6, 12}. N is the number of time series data. These six periodic
functions are adopted at the initial step.

Equation (1) is converted to a sine curve function.
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where Ais amplitude and § is phase lag of sine curve. In this study, we use these A and & parameters
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calculated from initial step of LMF processing.

In LMF processing, to remove the effects of clouds, haze s, and system noises, the time-series filtering and
the fitting processing are repeated until obtain the optimum result functions (Sawada 2001). These processing are not
explained here.

3. Processing of satellite data

The study area was east part of China. There are about 129.4 million ha of cultivable land, which is 13.5
percent of the total area in China. The area of cultivated land in 1995 was 95,851 thousand ha (Source: FAO water
reports 18). These cultivated lands consist of many cropping-pattern lands, which are one crop annually, two crops
annually, double-cropping rice followed by winter wheat, and so on.

The time series 10-days composite data of the NOAA-AVHRR NDVI observed between 1997 and 1999
(total 108 images) were acquired from the satellite image database system (SIDaB) at the computer center for
Agriculture, Forestry and Fisheries research. The LMF processing was executed using these data, and then the fitting
parameters and time series NDVI were obtained as image files. Moreover, percent variances were calculated and
images were created.

To obtain the statistics of NDVI, unsupervised classification (ISO-data method) was executed using the fitting
parameterimages . The classification result was categorized to the desert step, the typical step, the tree steppe, the
north forest, the south forest, the desert, and other lands, referring to crop-calendars. Then, training area pixels for
supervised classification were extracted from each category The maximum likelihood method classification was
executed by using these training area pixels, and then the agricultural map was created.

4. Result s and discussion

The graphs of timeseries NDVI of some crops were created from the classification results (Figure 3). These
patterns of NDVI variances were almost same as the result reported by Saito (2002). That is to say, paddy field in
South China, there was a high NDVI values from May to October. At winter wheat field in North China there are two



peaks at May and August. First peak is made by winter wheat and the other is by corn and millet. Summer wheat field
in Northeast China has only one NDVI peak in July because of the wheat and other summer crops.

Moreover, percent variances of amplitude were calculated. Jakubauskas showed the total percent variance
as equation (3)
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Where j is each term in the series and nis the total number of terms. The percent variance for each term is
computed by dividing the individual variance for each term by the total variance.

Unsupervised classification (ISO-data method) using percent variance images was executed for agricultural
area using mask images. As a result, more detailed croppingpatterns were caught. It was suggested that two stages
classification would be effective. The first step is the processing using fitting parameters and the second is using
percent variance images.
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Figue 1 Amplitude images crested by LMF time series processing
()1 term (Lyear cycle) amplitude, ()2 term (hafyear ) amplitude, (c) 3 term (4 months) amplitude



Fgure 2 The dudtering result image
Colors like white show agriculturd lands. Black and dark gray show desert and
steppe. Light gray shows forest.
Agriculturd lands can be categorized into three cropping-patterns such as one crop
annudly in northeast China, two crops annually in north China, and south Chinds
double-croprice.
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Figure3  Profiles of NDVI mean vaues of typicd duders.

Ceategorized patterns are (8) paddy fields in South China, (b) winter wheet fields in North China, and (c)
summer whest fieldsin North China

X-axis indicates time (t) with 10 days unit. Y-axisindicates NDVI values.

Paddy fiddsin South China, there was a high NDVI vaues from May to October (t are from12-30). At
winter whest filds in North China there are two pegks at May and August. First pesk is made by winter
wheat and the other is by corn and millet. Summer wheat field in Northeast China has only one NDVI
pesk in July because of the wheat and other summer crops.
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Figure 4 Comparison of two NDVI profiles of two crops annudly(a) and one crop rice(b).
The LMF parameters may create dmilar patern NDVI profiles. Therefore, to use percent variance imeges is
effective for detail classfication.



5. Conclusion

We developed the methodology for creation of an agricultural map, and the agricultural map of east part of
China was created. From this map, the distribution of each cropping-pattern can be understood, and our
understanding of some typical farmlands (Saito 2002) can be extended to wide area of east China. We confirmed that
the LMF processing is very effective in crop pattern identification. The methodology developed in this study, will be
adopted to create the agricultural map of Asian region.
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