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Abstract: China has a large population and limited arable land. It is essential to monitor agricultural condition,

mainly annual farmland variation, crop condition and forecast grain yield for government decision making. In re-

cent years, information technology has made considerable progress and 3S technology. Remote Sensing. GIS and

GPS, have been used for resources and crop monitoring at a national or global scale. 3S technology based on agri-

cultural condition monitoring systems at a national scale is introduced in this paper.
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1 Introduction

Agricultural condition monitoring includes a-
gricultural resources and crop monitoring. The ob-
jective of resources monitoring is to monitor the
quality and quantity of arable land and their
changes. Crop monitoring is to monitor main crops
acreage and distribution, crop condition, disasters
and yield estimation. China has a large population
and limited arable land. It is essential to monitor
annual agricultural conditions for government deci-
sion making.

In recent years, information technology has
made considerable progress and 3S technology, RS
(Remote Sensing), GIS, GPS and Internet, have
been used for resources and crop monitoring at a
national or global scale. RS and GPS are used for
data collection, GIS is used as a data analyzing
center and Internet provides a very fast, conve-
nient and economic method for information ex-

change. The decision making technology has a rev-
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olutionary on collecting objective, timely and regu-
lar information at a national scale. Today, crop
condition and grain yield information is sensitive to
the world grain market.

Development of 3S technology based agricult-
ural condition monitoring systems at a national
scale in the Ministry of Agriculture was introduced
in this paper mainly based on the authors’ three
projects: (1) 3S-based resources and enviromental
information  system  for the Ministry of
Agriculture is supported by the Department of Sci-
ence and Technology (1997 ~2000); (2) A pilot
project of  national —agricultural  condition
monitoring system for the Ministry of Agriculture
is supported by the Ministry of Agriculture (1996
~1999); (3) Crop condition models based on
characteristic papameters of NDVI(Normalized
Di [ ferent Vegetation Index) is supported by Na-
tional Natural Science Foundation of China (1999

~2001).

2 3S-based Agricultural Resources Inform-

ation System

2. 1 Resources and Environmental Information
System for the Ministry of Agriculture (Agri-
REIS)

The objective of this project is to develop an
information system using RS and GIS, to collect

arable land information and statistical data to pro-
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vide the government with agricultural resources
and environmental information for China’s sustain-
able agricultural development.
2.2 The Technical Index of AgriREIS

The Information System with a scale of
1: 250 000 at a national scale and 1 : 100 000 in
some development areas such as Beijing-Tianjin
Metropolitan Area, Yangtze River Delta and Zhuj-

iang River Delta areas using lLandsat TM data.
1]

The land use was identified as 28 categories"
2.3 The Information Demand of the Ministry of
Agriculture

The Ministry of Agriculture needs resources
and environmental information for:

1) Quantity of farmland, grassland and poten-
tial land for agriculture; 2) Variety of land use
such as crop structure or changes to other use; 3)
Quality of farmland such as pollution, salinity, de-
sertification and fertility.

Some information cannot be obtained from
satellite remote sensing, additional information
comes from traditional statistic information collect-
ed by field investigation.

2.4 Information System Design'?
The system was designed as a GIS based in-

formation system (Fig. 1).

Fig. 1 The structure of the resources and
environmental information system
for the Ministry of Agriculture

1) Data resources: data come from remote
sensing, agricultural statistic data and historical
information.

2) GIS based information system: GIS was
used for data storage, integration and analysis for
decision making.

3) Information release;: The information was

summarized in thematic maps, reports for govern-

ment and a part of information is released on the
Internet for the public.
2.5 Decision Support System

The decision support system was organized by
models, information and experts’ experiencel*).
Experts do the decision analysis with survey data
and images from the GIS based AgriREIS. The re-
ports are sent to related departments of the Min-
istry of Agriculture. The system can support reli-
able and timely information for government deci-

sion making.
3 3S-Based Crop Monitoring System

3.1 Ground Monitoring System

Traditionally, there is a ground monitoring
system all over the country organized by the Min-
istry of Agriculture. Every county has an agricul-
tural monitoring office in the local government.
They collect crop information such as crops
acreage, field management, crop condition, disas-
ters and production, as arranged by the Ministry.
The advantage is that complete data can be collect-
ed, but there are obvious shortcomings: 1) Subjec-
tivity ; the information is collected by many people
all over the country with their own judgements, it
is difficult to do this to the same standard; 2)
Timeliness: collecting information from field and
sending it to central government is a time consum-
ing work; 3) Limited area coverage: collecting
crop information is limited to a small number of
points because of time and money restrictions.
With information from limited points, it is impos-
sible to draw a crop condition map of China.
3.2 Crop Monitoring Using RS

1) Objectives and advantages

Remote Sensing is used for crop monitoring
including crop distribution, acreage, growth condi-
tion, disaster and yield estimation. The advantage
of RS monitoring is to collect the whole country’s
information quickly, objectively and economically.
Some information must be obtained from the
ground such as disease, and in some areas it is dif-

ficult to get images because of clouds. Crop moni-
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toring needs ground information support.

2) Advances and problems

In 1980s., RS was used for crop monitoring in
United States and European countries. From the
Sixth Five-Year Plan (1981 ~1995), yield estima-
tion using RS was the key state research project
supported by the government. However, there was
no operational system at a national scale which
could be used by the Ministry of Agriculture. The
reasons were; 1) Technical problems: in China,
because of small-scale family farms and mixed crop
systems, it is difficult to analyze even clear im-
ages; 2) Financial problems: expensive images are
needed for an operational system at a national
scale, especially for monitoring paddy fields, ex-
pensive radar images are needed; 3) Organiza-
tions; researchers think more in terms of academic
achievements, not oper-
ational systems for the Ministry of Agriculture.

So,

ground monitoring are needed for the Ministry of

integrated information from RS and
Agriculture, not only RS. Operational systems are
different from academic achievement, therefore
government and research institutes need to cooper-
ate.
3.3 3S-Based Crop Monitoring System

The objective of this project is to develop a na-
tional crop monitoring system integrated with re-
mote sensing and ground monitoring.

1) Technical approaches

The guidelines of the system design are: 1)
crop condition monitoring and yield estimation at a
national scale; 2) economical and timely operation-

3)

ground monitoring.

al system; integrated remote sensing and

In European countries, yields have been esti-
mated by modeling the unit of production and mea-
suring the crop acreage with a high spatial resolu-
tion remote sensing. This approach has problems
of high cumulative error and expense. Another ap-
proach is to use high time resolution image NOAA
data to estimate yield, this method is suitable for

national scale and low cost, the problem is that it

is difficult to measure acreage.

The main ideas of this research are: 1) the
priority is for crop acreage estimation, because
sown area is the first step to guarantee grain pro-
duction; 2) Crop condition monitoring is useful for
government to guide agricultural management and
early yield estimation, and also suitable for RS
monitoring; 3) Yield at a national scale will be es-
timated by cumulative NDVI model and ground in-
formation. The technical approaches are to develop
crop condition and yield estimation models using
cheap and high time resolution NOAA data, to re-
ly on support from the ground monitoring system,
and to use a GIS as a data analysis center with a

land use information system AgriREIS (Fig. 2).

Principles of degign:
(1) Operational systerm at a national or peovincial scale,
(2) Bconomical and timely information,

(llﬂw—mgezmdﬂrmmdnmmmpli@
(2) Coup condition: NOAA data model and ground mositocing,

(3) Yield: RS model waing NOAA detu and Metcorological models.
{4) Analysis GIS with Land use information.

Fig. 2 Technical approaches for crop monitoring

2) Design of crop monitoring system

(1) Function of the system

The functions of the system include: crop i-
dentification and area measurement; crop condition
monitoring; disaster monitoring; and yield estima-
tion.

(2) System structuret*

The structure of the system was designed as in
Fig. 3 including three models: RS-GPS based data
collecting subsystem; Internet based communicat-
ion system; and GIS-based data processing, ana-
lyzing and reporting system.
3.4 Definition and Monitoring of Crop Condition

1) Definition of crop condition

In the late 1970s and early 1980s, considerable
research efforts were focused on the use of multi-
spectral images for crop inventory and crop produc-

tion in USA. In 1990s, they were changed to pre-
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Fig. 3 3S-based crop monitoring system

cision crop management-'J,

From the 1980s, yield estimation using remote
sensing was researched for about twenty years.
But actually, crop growth condition and tendency
monitoring, namely crop condition monitoring, is
the most important task for agricultural remote
sensing applycation. The objectives of crop moni-
toring are (1) to support crop management; (2)
for early yield estimation. There are no clear defi-
nition for crop condition and no standard calcula-
tion method for remote sensing monitoring. Crop
condition models based on characteristic parame-
ters of NDVI is a research project supported by
National Natural Science Foundation of China
(1999~2001). The objective of this research is to
give a scientific definition, to develop RS models
and standard measurement methods for crop condi-
tion.

Crop condition means crop growth condition
and tendency, and can be described by individual
and community characteristics. Good crop condi-
tion is considered as a crop community with a
group of healthily developed individuals. The indi-
vidual characteristics can be described with stem,
leaf, root and ear’s conditions. Crop community
can be described by the community’s density, dis-
tribution and development. Leaf Area Index (LAI)
is a comprehensive parameter related to individual
and community characteristics ™.

2) Approach of monitoring using RS
LAI can be measured by RS. LAl is a compre-

hensive parameter related to crop condition and can
be measured by RS. All plants need sunlight for
photosynthesis and try to get more energy from
sunlight. That is why LAIs are very close each
other in the same growth stage. LAI can be mea-
sured but the individual and community character-
istics still need ground observation.

NDVT is a commonly used RS parameter relat-
ed to LAI, growth stage and biomass. The ap-
proach for crop condition monitoring using RS is to
measure LAI and estimate the crop condition by
models integrated with LAl and information on the

growth stage observed on ground (Fig. 4).

Fig. 4 Approach of crop condition monitoring

3) RS models of crop condition

There are two kinds of RS crop condition
models. One is for crop condition evaluation and
another for diagnosis.

Evaluation models include the following two

kinds of models!®’,

grading models.

comparison year by year and

The evaluation models are used for early yield
estimation and diagnosis models are used for field
management. Diagnosis models include crop
growth stage, fertilizer and water conditions, dis-
ease and insects, weeds identification ,etc.. Only
NDVT is not enough for diagnosis models, a group
of parameters, or a vector, is needed to model the

situationt®.

4 Conclusions and Prospects

1) Operational monitoring methods develop-
ment has been paid more attention to in this re-
search. 3S-based resources and crop monitoring
systems at a national scale are developed and used
in the Ministry of Agriculture.

2) Development of crop diagnosis models is a
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challenge for agricultural RS scientists as the same [4] Yang Bangjie. An agricultural condition monitoring

situation in precision agriculture. system using satellite based remote sensing. In:
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