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Abstract: China has a large population and limited arable land

It is essential to monitor agricultural condition,

mainly annual fam land variation, crop condition and forecast grain yield for governrment decision making In

recent years, information technology hasm ade 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

agricultural condition monitoring systens at a national scale is introduced in thispaper.
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1 Introduction

A gricultural ocondition monitoring includes
agricultural resources and crop monitoring The
objective of resourcesmonitoring 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

annual

It is essential to monitor

agricultural oconditions for government
decision 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 oollection, GIS is used as a data analyzing
center and Internet provides a very fast,
convenient and economic method for information

exchange The decision making technology has a
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revolutionary on collecting objective, tmely and
regular information at a national scale Today,
crop oondition and grain vyield
sensitive to theworld grain market

D evelopment of 3S technology based agricult2
ural condition monitoring systens at a national
scale in theM inistry of A griculturew as introduced

infomation is

in this paper mainly based on the authors three
projects (1) 3SXased resources and enviramental
inf ormation systen for the M inistry of
Agriculture is supported by the Department of
Science and Technology (1997 2000); (2) A pilot
project of national agricultural condition
monitoring system f or theM inistry of Agriculture
is supported by theM inistry of A griculture (1996

1999);

characteristic papameters of NDV I (N omalized

(3) Crop condition models based on

D if f erent V egetation Index) is supported by
N ational N atural Science Foundation of China

(1999 2001).

2 3SbasedAgricultural Resources Inform -
ation Systam

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

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

arable land information and statistical data to
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provide the governrmentw ith agricultural reources
and environmental information for China’ s sustain2
able agricultural development

2 2 The Technical Index of AgriREIS

The Information Systan with a scale of
1 250 000 at a national scale and 1 100 000 in
me development areas such as Beijing2T ianjin
M etropolitan A rea, Yangtze River Delta and Zhuj2
iang River Delta areas using L andsat TM data
The land usew as identified as 28 categories .

2 3 The Information Denand of theM inistry of
Agriculture

The M inistry of A griculture needs resources
and environmental information for:

1) Quantity of famland, grassland and
potential land for agriculture 2) V ariety of land
use such as crop structureor changes to other use
3) Quality of farm land such as pollution, salinity,
desertification and fertility.

Some information cannot be obtained from
satellite remote sensing, additional
comes traditional statistic
collected by field investigation
2 4 Information Systam Design'”

The systan was designed as a GIS based
information system (Fig 1).

Remote sensing
images
RS proceming
system
[ Models |-{ GiS-based AgriREIS Ja—

|Im:errllel| [ Reports | Data irllquiry

inform ation

from inform ation

Agricultural [[Regional
statistic data || maps

Fig 1 The structure of the resources and
environrmental information system
for theM inistry of A griculture
1) Data resurces 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) Infomation release The information w as
reports for

summarized in thematic maps,

government and apart of information is released on
the Internet for the public
2 5 Decision Support Systen

T he decision support systen w asorganized by
models, information and experts experience'’.
Experts do the decision analysisw ith survey data
and mages from the GIS based A griREIS The
reports are sent to related departments of the
M inistry of A griculture The systan can support
reliable and timely information for government
decision making

3 3SBased CropM onitor ing System

3 1 GroundM onitoring Systam

T raditionally, there is a ground monitoring
systen all over the oountry organized by the
M inistry of A griculture
agricultural
government They collect crop information such as
crops acreage, field management, crop condition,
disasters and production, as arranged by the
M inistry. The advantage is that complete data can
be collected, but there are obvious shortcomings
1) Subjectivity:
many people all over the country with their own
judgements, it is difficult to do this to the sane
standard; 2) Timeliness oollecting information
from field and sending it to central governrment isa
time consuming work; 3) L imited area coverage
oollecting crop information is limited to a snall
number of points because of time and money
restrictions W ith information from limited points,
it is mpossible to drav a crop condition map of
China
3 2 CropM onitoring Using RS

1) Objectives and advantages

Remote Sensing is used for crop monitoring
including crop distribution, acreage, grow th
condition, disaster and vyield estimation The
advantage of RSmonitoring is to collect thew hole
country’s information quickly, objectively and
econom ically. Some information must be obtained
from the ground such asdisease, and in some areas

Every ocounty has an

monitoring office in the local

the information is collected by
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it isdifficult to get mages because of clouds Crop
monitoring needs ground information support

2) A dvances and problens

In 1980s, RSwas used for crop monitoring in
U nited States and European countries From the
Sixth Five2Y ear (1981 1995),
estimation using RS was the key state research

Plan yield
project supported by the governrment How ever,
therew as no operational systen at a national scale
which oould be used by
A griculture

the M inistry of
1) Technical
problens in China, because of snallZscale fanily
it is difficult to
analyze even clear mages 2) Financial problems

The reasons were
fams and mixed crop systems,

expensive images are needed for an operational

systen at a national scale, egecially for
monitoring paddy fields, expensive radar mages
are needed; 3) Organizations

more in term sof acadam ic achievements, not oper2

researchers think

ational systamsfor theM inistry of A griculture

So, integrated
ground monitoring are needed for theM inistry of
A griculture, notonly RS Operational systensare

infomation from RS and

different from acadanic achievement, therefore

governrment and research institutes need to
cooperate
3 3 3SBased CropM onitor ing System

The objective of this project is to develop a
national crop monitoring systen integrated w ith
remote 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 operation2
al system; 3) integrated reamote sensing and
ground monitoring

In European oountries, yields have been
estinated by modeling the unit of production and
measuring the crop acreage with a high gatial
reolution remote sensing This approach has
problem's of high cumulative error and expense
A nother gpproach is to use high time reslution

mageNOAA data to estimate yield, thismethod is

auitable for national scale and low oost, 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
production; 2) Crop condition monitoring is useful
for governrment to guide agricultural management
and early yield estimation, and also suitableforRS
monitoring; 3) Yield at a national scale will be
estinated by cumulative NDV | model and ground
gpproaches are to
develop crop condition and yield estimation models
using chegp and high tme resolution NOAA data,
to rely on support from the ground monitoring
systan, and to use a GIS as a data analysis center
with a land use infomation systan AgriREIS

(Fig 2).

infomation The technical

Principles of design:
(1) Operational system at a national or provincial scale.
(2) Economical and timely information.

Models:
(1) Crop acreage: mainly using NOAA data with TM sampling.

(2) Crop condition: NOAA data model and ground monitoring. G > d inf \

(3) Yield: RS model using NOAA data and Meteorological models. Em“j“ information

(4) Analysis GIS with land usc information,
| Crop condition reporting |g__—__

Fig 2 Technical approachesfor crop monitoring

2) Design of crop monitoring system

(1) Function of the system

The functions of the system include crop

area measureament;  crop
disaster monitoring; and

identification and
condition monitoring;
yield estimation

(2) Systen structure'

The structure of the system w as designed as in
Fig 3 including threemodels RSZGPS based data
oollecting subsystem; Internet based communicat2
ion system; and GISZased data processing,
analyzing and reporting system.
3 4 Definition andM onitor ing of Crop Condition

1) Définition of crop condition

In the late 1970s and early 1980s, considerable

research efforts were focused on the use of
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| Ground monitoring information | | NOAA AVHRR| | Landsat T |

| Communication | | Receiver |

| RS Image processing |

On-line information
T
Background

information GIS ——_
|

I Crop area and distribution, condition, disasters and yield |

Fig 3 3Skased crop monitoring system
multigpectral images for crop inventory and crop
production in U SA. In 1990s, they were changed
to precision crop management'®.

From the 1980s, yield estimation using renote
sensing was researched for about twenty years
But actually, crop grow th condition and tendency
monitoring, namely crop condition monitoring, is
the most mportant task for agricultural remote

sensing applycation
monitoring are (1) to support crop management;

The objectives of crop

(2) for early yield estimation There are no clear
definition for crop oondition and no standard
calculation method for ranote sensing monitoring
Crop oondition models based on characteristic
paranetersof NDV | isa research project supported
by N ational N atural 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
condition

Crop condition means crop grow th condition
and tendency, and can be described by individual
and community Good crop
condition is considered as a crop community w ith a
group of healthily developed
individual characteristics can be described w ith

characteristics
individuals The

stem, leaf, root and ear's oonditions Crop
community can be described by the community’s
density, distribution and development L eaf A rea
Index (LA 1) is a comprehensive paraneter related

to individual and community characteristics'®.

2) A pproach of monitoring using RS

LAl can be measured by RS LAI is a
comp rehensive paraneter related to crop condition
and can be measured by RS Al plants need
sunlight for photosynthesis and try to get more
energy from sunlight That iswhyLA |s are very
close each other in the sane grow th stage LA | can
be measured but the individual and community
characteristics still need ground observation

NDV |
related to LA |, growth stage and biomass The

is a commonly used RS paraneter

approach for crop condition monitoring using RS is
to measureL A | and estimate the crop condition by
models integrated w ithLA | and information on the
grow th stage observed on ground (Fig 4).

NDV1by RS
Ground information
Agronomy modeis

Fig 4 Approach of crop condition monitoring

3) RSmodelsof crop condition

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

Evaluation models include the follow ing two
kinds of models™®: comparison year by year and
grading models

T he evaluation models are used for early yield
estimation and diagnosismodels are used for field
Diagnosis models include crop
fertilizer and water conditions,

managem ent

grow th stage,
disease and insects, weeds identification , etc.
Only NDV 1| is not enough for diagnosismodels, a
group of parameters, or a vector, is needed to
model the situation'®.

4 Conclusionsand Prospects

1) Operational monitoring methods develop2
ment has been paid more attention to in this
research 3SJased resources and crop monitoring
systan s at a national scale are developed and used
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2) Development of crop diagnosismodels is a

challenge for agricultural RS scientists as the sane
situation in precision agriculture
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