
第 17卷 第 1期
2001年 1月

农 业 工 程 学 报
T ransact ions of the CSA E

V o l. 17　N o. 1
Jan. 　2001

A rticle ID: 100226819 (2001) 0120154205

RS-G IS-GPS-Ba sed Agr icultura l Cond it ion
M on itor ing System s a t a Na tiona l Sca le

Ya ng B a ng jie , P e i Zh iyua n, Zha ng S ong ling
(Ch inese A cad em y of A g ricu ltu ra l E ng ineering , B eij ing 100026, Ch ina)

Abstract: Ch ina has a large popu lat ion and lim ited arab le land. It is essen tia l to mon ito r agricu ltu ral condit ion,

m ain ly annual farm land varia t ion, crop condit ion and fo recast grain yield fo r governm en t decision m ak ing. In

recen t years, info rm ation techno logy has m ade considerab le p rogress and 3S techno logy, R emo te Sensing, G IS and

GPS, have been used fo r resou rces and crop mon ito ring at a nat ional o r global scale. 3S techno logy based on

agricu ltu ral condit ion mon ito ring system s at a nat ional scale is in troduced in th is paper.
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1　 In troduction

A gricu ltu ra l condit ion m on ito ring includes

agricu ltu ra l resou rces and crop m on ito ring. T he

ob ject ive of resou rces m on ito ring is to m on ito r the

quality and quan t ity of arab le land and their

changes. C rop m on ito ring is to m on ito r m ain crop s

acreage and dist ribu t ion, crop condit ion, d isasters

and yield est im at ion. Ch ina has a la rge popu la t ion

and lim ited arab le land. It is essen t ia l to m on ito r

annual agricu ltu ra l condit ion s fo r governm en t

decision m ak ing.

In recen t years, info rm at ion techno logy has

m ade con siderab le p rogress and 3S techno logy, R S

(R em o te Sen sing) , G IS, GPS and In ternet, have

been u sed fo r resou rces and crop m on ito ring a t a

na t iona l o r g loba l sca le. R S and GPS are u sed fo r

da ta co llect ion, G IS is u sed as a da ta ana lyzing

cen ter and In ternet p rovides a very fast,

conven ien t and econom ic m ethod fo r info rm at ion

exchange. T he decision m ak ing techno logy has a

revo lu t ionary on co llect ing ob ject ive, t im ely and

regu lar info rm at ion a t a na t iona l sca le. Today,

crop condit ion and gra in yield info rm at ion is

sen sit ive to the w o rld gra in m arket.

D evelopm en t of 3S techno logy based agricu lt2

u ra l condit ion m on ito ring system s at a na t iona l

sca le in the M in ist ry of A gricu ltu re w as in troduced

in th is paper m ain ly based on the au tho rs’ th ree

p ro jects: (1) 3S 2based resou rces and env irom en ta l

inf orm a tion sy stem f or the M in istry of

A g ricu ltu re is suppo rted by the D epartm en t of

Science and T echno logy (1997～ 2000) ; (2) A p ilot

p roj ect of na tiona l ag ricu ltu ra l cond ition

m on itoring sy stem f or the M in istry of A g ricu ltu re

is suppo rted by the M in ist ry of A gricu ltu re (1996

～ 1999 ) ; ( 3 ) C rop cond ition m od els based on

cha racteristic p ap am eters of N D V I (N orm a liz ed

D if f eren t V eg eta tion Ind ex ) is suppo rted by

N ationa l N atu ra l Science Foundat ion of Ch ina

(1999～ 2001).

2　3S-ba sed Agr icultura l Resources Inform -

a tion System

2. 1　Resources and Env ironm en ta l Informa tion

System for the M in istry of Agr iculture (Agr i-

RE IS)

T he ob ject ive of th is p ro ject is to develop an

info rm at ion system u sing R S and G IS, to co llect

a rab le land info rm at ion and sta t ist ica l da ta to
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p rovide the governm en t w ith agricu ltu ra l resou rces

and environm en ta l info rm at ion fo r Ch ina’s su sta in2

ab le agricu ltu ra l developm en t.

2. 2　The Techn ica l Index of Agr iRE IS

T he Info rm at ion System w ith a sca le of

1∶250 000 at a na t iona l sca le and 1∶100 000 in

som e developm en t areas such as Beijing2T ian jin

M etropo litan A rea, Yangtze R iver D elta and Zhu j2

iang R iver D elta areas u sing L andsa t TM data.

T he land u se w as iden t if ied as 28 ca tego ries[ 1 ].

2. 3　The Informa tion D emand of the M in istry of

Agr iculture

T he M in ist ry of A gricu ltu re needs resou rces

and environm en ta l info rm at ion fo r:

1 ) Q uan t ity of fa rm land, grassland and

po ten t ia l land fo r agricu ltu re; 2) V ariety of land

u se such as crop structu re o r changes to o ther u se;

3) Q uality of fa rm land such as po llu t ion, sa lin ity,

desert if ica t ion and fert ility.

Som e info rm at ion canno t be ob ta ined from

satellite rem o te sen sing, addit iona l info rm at ion

com es from trad it iona l sta t ist ic info rm at ion

co llected by field invest iga t ion.

2. 4　 Informa tion System D esign [2 ]

T he system w as designed as a G IS based

info rm at ion system (F ig. 1).

F ig. 1　T he structu re of the resou rces and

environm en tal info rm ation system

fo r the M in istry of A gricu ltu re

1 ) D ata resou rces: da ta com e from rem o te

sen sing, agricu ltu ra l sta t ist ic da ta and h isto rica l

info rm at ion.

2 ) G IS based info rm at ion system : G IS w as

u sed fo r da ta sto rage, in tegra t ion and analysis fo r

decision m ak ing.

3) Info rm at ion release: T he info rm at ion w as

summ arized in them atic m ap s, repo rts fo r

governm en t and a part of info rm at ion is released on

the In ternet fo r the pub lic.

2. 5　D ec ision Support System

T he decision suppo rt system w as o rgan ized by

m odels, info rm at ion and experts’ experience[ 3 ].

Experts do the decision analysis w ith su rvey data

and im ages from the G IS based A griR E IS. T he

repo rts are sen t to rela ted departm en ts of the

M in ist ry of A gricu ltu re. T he system can suppo rt

reliab le and t im ely info rm at ion fo r governm en t

decision m ak ing.

3　3S-Ba sed Crop M on itor ing System

3. 1　Ground M on itor ing System

T radit iona lly, there is a ground m on ito ring

system all over the coun try o rgan ized by the

M in ist ry of A gricu ltu re. Every coun ty has an

agricu ltu ra l m on ito ring office in the loca l

governm en t. T hey co llect crop info rm at ion such as

crop s acreage, f ield m anagem en t, crop condit ion,

d isasters and p roduct ion, as arranged by the

M in ist ry. T he advan tage is tha t com p lete da ta can

be co llected, bu t there are obviou s sho rtcom ings:

1) Sub ject ivity: the info rm at ion is co llected by

m any peop le a ll over the coun try w ith their ow n

judgem en ts, it is d iff icu lt to do th is to the sam e

standard; 2 ) T im eliness: co llect ing info rm at ion

from field and sending it to cen tra l governm en t is a

t im e con sum ing w o rk; 3) L im ited area coverage:

co llect ing crop info rm at ion is lim ited to a sm all

num ber of po in ts becau se of t im e and m oney

restrict ion s. W ith info rm at ion from lim ited po in ts,

it is im po ssib le to draw a crop condit ion m ap of

Ch ina.

3. 2　Crop M on itor ing Using RS

1) O b ject ives and advan tages

R em o te Sen sing is u sed fo r crop m on ito ring

includ ing crop dist ribu t ion, acreage, grow th

condit ion, d isaster and yield est im at ion. T he

advan tage of R S m on ito ring is to co llect the w ho le

coun try’s info rm at ion qu ick ly, ob ject ively and

econom ica lly. Som e info rm at ion m u st be ob ta ined

from the ground such as d isease, and in som e areas
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it is d iff icu lt to get im ages becau se of clouds. C rop

m on ito ring needs ground info rm at ion suppo rt.

2) A dvances and p rob lem s

In 1980s, R S w as u sed fo r crop m on ito ring in

U n ited Sta tes and Eu ropean coun tries. F rom the

Six th F ive2Year P lan ( 1981～ 1995 ) , yield

est im at ion u sing R S w as the key sta te research

p ro ject suppo rted by the governm en t. How ever,

there w as no opera t iona l system at a na t iona l sca le

w h ich cou ld be u sed by the M in ist ry of

A gricu ltu re. T he reason s w ere: 1 ) T echn ica l

p rob lem s: in Ch ina, becau se of sm all2sca le fam ily

farm s and m ixed crop system s, it is d iff icu lt to

ana lyze even clear im ages; 2) F inancia l p rob lem s:

expen sive im ages are needed fo r an opera t iona l

system at a na t iona l sca le, especia lly fo r

m on ito ring paddy fields, expen sive radar im ages

are needed; 3 ) O rgan iza t ion s: researchers th ink

m o re in term s of academ ic ach ievem en ts, no t oper2

a t iona l system s fo r the M in ist ry of A gricu ltu re.

So, in tegra ted info rm at ion from R S and

ground m on ito ring are needed fo r the M in ist ry of

A gricu ltu re, no t on ly R S. Opera t iona l system s are

d ifferen t from academ ic ach ievem en t, therefo re

governm en t and research in st itu tes need to

coopera te.

3. 3　3S-Ba sed Crop M on itor ing System

T he ob ject ive of th is p ro ject is to develop a

nat iona l crop m on ito ring system in tegra ted w ith

rem o te sen sing and ground m on ito ring.

1) T echn ica l app roaches

T he gu idelines of the system design are: 1)

crop condit ion m on ito ring and yield est im at ion a t a

na t iona l sca le; 2) econom ica l and t im ely opera t ion2

a l system ; 3 ) in tegra ted rem o te sen sing and

ground m on ito ring.

In Eu ropean coun tries, y ields have been

est im ated by m odeling the un it of p roduct ion and

m easu ring the crop acreage w ith a h igh spa t ia l

reso lu t ion rem o te sen sing. T h is app roach has

p rob lem s of h igh cum u la t ive erro r and expen se.

A no ther app roach is to u se h igh t im e reso lu t ion

im age NOAA data to est im ate yield, th is m ethod is

su itab le fo r na t iona l sca le and low co st, the

p rob lem is tha t it is d iff icu lt to m easu re acreage.

T he m ain ideas of th is research are: 1) the

p rio rity is fo r crop acreage est im at ion, becau se

sow n area is the first step to guaran tee gra in

p roduct ion; 2) C rop condit ion m on ito ring is u sefu l

fo r governm en t to gu ide agricu ltu ra l m anagem en t

and early yield est im at ion, and also su itab le fo r R S

m on ito ring; 3) Y ield a t a na t iona l sca le w ill be

est im ated by cum u la t ive NDV I m odel and ground

info rm at ion. T he techn ica l app roaches are to

develop crop condit ion and yield est im at ion m odels

u sing cheap and h igh t im e reso lu t ion NOAA data,

to rely on suppo rt from the ground m on ito ring

system , and to u se a G IS as a da ta ana lysis cen ter

w ith a land u se info rm at ion system A griR E IS

(F ig. 2).

F ig. 2　T echn ical app roaches fo r crop mon ito ring

2) D esign of crop m on ito ring system

(1) Funct ion of the system

T he funct ion s of the system include: crop

iden t if ica t ion and area m easu rem en t; crop

condit ion m on ito ring; d isaster m on ito ring; and

yield est im at ion.

(2) System structu re[ 4 ]

T he structu re of the system w as designed as in

F ig. 3 includ ing th ree m odels: R S2GPS based data

co llect ing sub system ; In ternet based comm un ica t2

ion system ; and G IS2based data p rocessing,

ana lyzing and repo rt ing system.

3. 4　D ef in it ion andM on itor ing of Crop Cond ition

1) D efin it ion of crop condit ion

In the la te 1970s and early 1980s, con siderab le

research effo rts w ere focu sed on the u se of
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F ig. 3　3S2based crop mon ito ring system

m u lt ispectra l im ages fo r crop inven to ry and crop

p roduct ion in U SA. In 1990s, they w ere changed

to p recision crop m anagem en t [ 5 ].

F rom the 1980s, yield est im at ion u sing rem o te

sen sing w as researched fo r abou t tw en ty years.

Bu t actua lly, crop grow th condit ion and tendency

m on ito ring, nam ely crop condit ion m on ito ring, is

the m o st im po rtan t task fo r agricu ltu ra l rem o te

sen sing app lyca t ion. T he ob ject ives of crop

m on ito ring are (1) to suppo rt crop m anagem en t;

(2) fo r early yield est im at ion. T here are no clear

defin it ion fo r crop condit ion and no standard

ca lcu la t ion m ethod fo r rem o te sen sing m on ito ring.

C rop condit ion m odels based on characterist ic

param eters of NDV I is a research p ro ject suppo rted

by N ationa l N atu ra l Science Foundat ion of Ch ina

(1999～ 2001). T he ob ject ive of th is research is to

g ive a scien t if ic defin it ion, to develop R S m odels

and standard m easu rem en t m ethods fo r crop

condit ion.

C rop condit ion m ean s crop grow th condit ion

and tendency, and can be described by ind ividua l

and comm un ity characterist ics. Good crop

condit ion is con sidered as a crop comm un ity w ith a

group of hea lth ily developed ind ividua ls. T he

ind ividua l characterist ics can be described w ith

stem , leaf, roo t and ear’s condit ion s. C rop

comm un ity can be described by the comm un ity’s

den sity, d ist ribu t ion and developm en t. L eaf A rea

Index (L A I ) is a com p rehen sive param eter rela ted

to ind ividua l and comm un ity characterist ics[ 6 ].

2) A pp roach of m on ito ring u sing R S

L A I can be m easu red by R S. L A I is a

com p rehen sive param eter rela ted to crop condit ion

and can be m easu red by R S. A ll p lan ts need

sun ligh t fo r pho to syn thesis and try to get m o re

energy from sun ligh t. T hat is w hy L A I s are very

clo se each o ther in the sam e grow th stage. L A I can

be m easu red bu t the ind ividua l and comm un ity

characterist ics st ill need ground ob serva t ion.

NDV I is a comm on ly u sed R S param eter

rela ted to L A I , g row th stage and b iom ass. T he

app roach fo r crop condit ion m on ito ring u sing R S is

to m easu re L A I and est im ate the crop condit ion by

m odels in tegra ted w ith L A I and info rm at ion on the

grow th stage ob served on ground (F ig. 4).

F ig. 4　A pp roach of crop condit ion mon ito ring

3) R S m odels of crop condit ion

T here are tw o k inds of R S crop condit ion

m odels. O ne is fo r crop condit ion evalua t ion and

ano ther fo r d iagno sis.

Evalua t ion m odels include the fo llow ing tw o

k inds of m odels[ 6 ]: com parison year by year and

grad ing m odels.

T he evalua t ion m odels are u sed fo r early yield

est im at ion and diagno sis m odels are u sed fo r field

m anagem en t. D iagno sis m odels include crop

grow th stage, fert ilizer and w ater condit ion s,

d isease and in sects, w eeds iden t if ica t ion , etc. .

O n ly NDV I is no t enough fo r d iagno sis m odels, a

group of param eters, o r a vecto r, is needed to

m odel the situa t ion [ 6 ].

4　Conclusion s and Prospects

1) Opera t iona l m on ito ring m ethods develop2

m en t has been paid m o re a t ten t ion to in th is

research. 3S2based resou rces and crop m on ito ring

system s at a na t iona l sca le are developed and u sed
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in the M in ist ry of A gricu ltu re.

2) D evelopm en t of crop diagno sis m odels is a

cha llenge fo r agricu ltu ra l R S scien t ists as the sam e

situa t ion in p recision agricu ltu re.
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基于 3S技术的国家级农情监测系统

杨邦杰, 裴志远, 张松岭
(中国农业工程研究设计院,北京 100026)

摘　要: 中国人口多、耕地有限,农情信息主要是耕地与粮棉作物生产的信息,对生产管理与政府决策是至关重要

的。农情监测的主要任务是监测耕地的变化,粮棉作物的面积、长势、灾害与产量。由于信息技术的发展, 3S技术,即

遥感 (R S) , G IS与 GPS技术,已用于国家与全球尺度的农情监测。该文介绍了作者近年来承担国家与农业部的科

研项目而开发的农业部农情遥感监测系统与信息服务系统。

关键词: R S; G IS; GPS; 农情; 农业资源; 作物长势; 估产
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