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、

Y I E L I ) E S T I
M

A I

,

I O N S Y S’1
,

E
M

Y

=
。

艺G
·

b 杂
(D。 一 D

,

) [ Q /
K

+
C 〕+ W

w here Y 15 unit yield
,

艺 G 1
5 N D VI in t眼

ral val ue

f
rom

tu rn gree
n to heading

stag
e ,

T
o

i
s r

叫
uire d tem

-

pera ture aee
um
ulation (℃ ) fo

r w h ea t g
row

th f
rom

th e beg in ni嗯
of hea(ling to gra in filli飞

,
o r

p
e

ren

n
i

a
l

av

e r

笔
e value of gro und tem

Perat ure
,

卫 15 eu rr ent

y
ear
teln l〕e r a tu re ac

e

urnu

l
a ti

o n
( ℃ ) f

rom

the b馆in
-

ning of he
ading to g ra in fillin g P eri o d

,

D
o

1
5 s t

ar
t

da

t e

(
d

a
y

s

)

o
f w h

e a t g
ra i

n
f i l l i

flg

,

D

、
1
5 s t a

rt d
a t e

(
d
a
y
s

)

o
f h

e

ad
i眼

,

Q 1
5 s t

an da

r
d k i协g

rains w eight

(g ) of w heat breed
,

K 1
5 a

p
ar

ame

t e r s
h

o
w

ed
b y

、 一

丫卜
(
筹
)’

△G is g re
en n ess d iffe re n ce b etw ee n th

e star t
a n d en d

o f g rain fillin g p e riod
,

△T 15 d a y s f
rom

star t of g ra in

filli飞 to th
e end ,

a
,

b
an

d
c

are

e x 洋
rim en t

al co n
-

stants an d W 15 a fre e it
em
r
eP re sen

ting
the exPert

suggestlon
.

A n刃ng th e va
riab les

,

T
o

,

D
o

,

D

, a

nd
Q re fl

e e t
-

C ro
p y i

e
l d

e s t
i

ma

t
i
o n

1
5 a

com

p l
e x s

y
s t

em

e n
g i

-

n e e r
i

n
g i

n e
l
u

d i
n

g
m

a n
y t e e

h
no

l
o

g i
e a

l l i
nk

s

an
d

a v
as

t

amo

u n t o
f d

a t a

加th of
remo

te sensi雌
and au xili

ary

data
.
T lle steps of yield predietion

a企 in terrelated

axld in terac ti
ve. T he goal of b uild in g an

esti
ma
tion

s”tem fo r w heat P r〔对uetion 15 to integ rate

remo

te

se ns i
ng

,

G I S
a n

d g
ro

u n
d m

e a s u

rem

e n t
d

a t a
i

n
to

com

-

p
u t e r s

y
s t

em

to ca rr y
o u t q

u
i

e
k

,

ac

e u r
at

e
p

r e
d i

e t
i

o n

fo

r
w h

e a t y i
e

l d
a

nd
re ac h

a u t

orna

t
i

e
p

roc

es

s
i

n g i n

C o n l
p

u t e r s t e
P b y

s t e
P

.

T h
e o

bj

e e t
i

v e o
f 斗stem

desi助 w as to
estab lish a

p
rac
tical

remo

te sensi吧 base d
estim ation

syst
em fo r

w inter w heat yield in large area eonlbini眼
satellite

data ,

G I S w i t
h g

rou

n
d d

a t a
,

w h i
e

h co
n s

i
s t s

of

a s e
-

r
i es

o
f

s u
b

s
y

s t

erns

.

I
t

co

u
l d

con

d
u e t

re al

一
t i

me mo

n
i

-

tor

i
n g

o
f w h ea

t g

row

t
h

,

fo

r e e a s t
w h ea

t
ar ca an

d to
t

al

o u t p
u t o

f
e u r

re
n t y

e

ar an
d p

rov

i d
e

ac

e u r a t e
d

a t a
b

e
-

fo

r e
h

a

rv es
t

to
e e n t

ral

a n
d

loc

a
l g

o v e

rrun

e n t s
fo

r
f仪d

trade an d fcx 妇 卯li
ey deeision

.



反
nsing l如从妇 Es tirna

tion S yst
em for W i

n ter W h ea t Y iel d in N o
rth C 坛na P lai n 45

l

压y
吕

Fi
g
.

2 A q u iri
ng val ue

of 艺G dnd K lro m tem
l刀ra l N I〕Vl

Curv
e

3
.
1 1刀g ie S tr u etu re

o f 场
stem

R
emo
te se nsing base d es

tim ation
syst
em fo r

w hea t yield tak es satellite data as mal
n info nn ation

阳urc e
,

w h i
e

h

are
La

n
d

s a t
l , M

an d N O A A
于

A V H R R

,

t o

con

d
u e t

ar

e a

es
t

lma

t i

on

a n
d

o u t p
u t p

r e
d i

e t

ion

w i t
h

t

he

a
i d

o
f

o t
h

e r
b

a e
k g

ro

u n
d d

a t a
.

I
t

1
5 a n

i
n t e

g
r a t

ed

s ”tem
eonlb in in g co m l〕u te r t

ec h n iq
u e ,

remo

t e

sens

-

i
n g t e e

h
n

i q
u e

.

w i
t

h G I S
t e e

h
n

i q
u e

.

T h
e

p

roce

ss i雌
flo w 15 des erib

ed as F ig
.
3
.

3
.
2 Inf6nnation F l

ow in the 衡
st
em

ta an d othe r relative info rnlation in database
,

b
u

i l
t

w h ea
t y i

e
l d m

od

e
l

.

T h
e

ca l
e u

l
a t

io
n

re
s u

l
t s o

f m
od

e
l

o
p

e r a t
i

o n

we

re al so l
a

i d i
n t

he
d

a t

ab

a

se fo

r

to
t a

l
o u t

-

P
u t P

re d i
e t

i
o n

.

3
)

De

ri
va

t
i

o n o
f

da

t a o
f w h

e a t

are

a a n
d

u n
i

t

y i
e

l d

,

to fo re

cas

t
w h ea

t p
r

od

u e t
i

on
of

eac

h
r e

g i
o n

an
d

p
u t t

h
e

re su l
t s

i
n

to da

t

ab
ase

fo

r t

ha

s t a t
i

s t
i

e
al

an

a
l邓15

and outPut
.

E泊ek g ro u n d da tab ase
p l叮
5
an in

l环)rtan t ro l
e in

th e w ho l
e P

roce

ss of w he
at yield estim

ation
.
It

p
rov
ids
all kin ds of d ata to

eac
h p

roc
edure fo r yield

es ti
rna
tion

a
nd re ne ws

itself oo n tin uo
usly w ith the in

-

P ut of re su lt da
ta
.

Fo
r the sake of Pro pe

r s”tem
stru etu re desig n

,

i
t

1
5 t

he
f i rs

t s t印 th
atm ak

e elear th e fl ow
dire etion of

v
ari
ous dat a in th e Proc

ess of w llea t yield estirna
tion

w ith

remo

tely
sen
sed d ata

.
F igu re 4 d

emons

t
rat es

the

info rm
ation flow at ea ch proc ed

u re
.

F
rom

the flow eh art
,

some

co
g ni

t
i

o n s

ho

u
l d

be

o
b

t a
i

ne
d as b

e
l

o
w

.

1
)

S
u

p 卯rt
ed by baekg

rou nd
info rm

atio n
,

i m

a
g

e

P
ro

e e
ss i眼 1

5 ear ried out using T M an d A V H R R im
-

ages to ae明ire the dat a of w hea t
area

an d g
row th sit

-

uat ion
.
1

、

h

e

es

t
i
n

l a
t
i

on

r

es

u

l
t

s

w

e

re

s
t
o r e

d i
n

to
d

a
t
a

-

b

ase

fo

r
t
h

e u
t

i l i
za

t
i
on

of

o
t
h

e r s
t
e

P

.

2
)

Us

i
n

g
w h

e a
t

g

row

t
h

co

n
d i

t
i

on

mon

i

tor

i飞 d
a-

3
.
3

tion
Fu
netion an d o 详ra ti

on of W hea t Y i
eld E sti

ma
-

勿st em

R em ote se nsi飞 base d es
tim
ation 斗stem fo r

w heat y ield
cons

ists of 4 sub斗st
ems

aeeordi呢 to

thei rfu netio ns
,

naxne

l y
m an

a
g

e n l e n t 盯stem for bac k
-

gro un d dat ab as
e ,

i m

a
g

e
p

roc

e s s
i

ng

s

ys
t

em

,

Ina

n

ag

e
-

men

t 盯stem for
1ll
od
els bank and p rod

uetio n fore
cas
t-

i眼 斗stem
.
E ac h sub盯stem

15 ind ependent an d

wo
rks on its

own
func ti

on ,

h
o

w
e v e r

,
t

h 即 are
inter

-

re lative an d int
erd epe nden t

conne

eted w ith a loc al ar
-

ea net wo rk (L A N )
.
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〕
rn
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o
w in

wh
ea
t 如eld es t

~
t
ion
s
ys tefn

3
.
3
.
1 M dna ge m en

t
sys
t
o fo

r backg ro u nd da ta
-

加ses (M 别引D )

b ac k g
ro u n d d a ta b ase s

,

w l
l

i山

of datab脱
5relatedero Pyieldes timation

com卯sed 。

磁ion
,

s u e
h

t

yP
eS

a s S t a
-

M A B I )

ca-m

e s

ou

t u n
i

t e
d m

a n a
g 曰卫en t of

v

ariou

s ti st ie al d ata
,

g
r o u n

d
ob

s e

rv

a t
i

on
dat

a

an
d 印atial data



反
11sing 角sed Es t~

tion s邓teln for Wi nt er W hea
t
Yi el d in N 6

rth C h ina Pl ai n

fo r th e eal eu la tio n o f y ield n兀心eland im ag
ery el

ass
ifi
-

eatioll
.
M
an y 叩

era tio n re sults of ot he
r su bsyst

ems
are
also sto re d in M SB D

,
e

.

g

.

area

e s t
i

rna

t
i

o n
d

a t a a t

co

u n t y l

eve

l
a n

d
un

i
t y i

e
l d d

a t a

of d i
ffe

re
n t r

eg
i

on

o
f

ea

e
h y

e

ar

.

3

.

3

.

2 Is
n a 召’e P

一
ingsystem(刀〕

S
)

I P S

ma

i
n
ly f

u
l f i ll

s t

wo

t a

ski

:
w h

e a t

area

ex
t

rac

-

t
i
on

a

nd
w h ea

t g

row

t
h

s
i
t u a t

i
o n

mon

i
tor

i
ng

.

1
) 肠
nduetsanal邓15 of

p
rM d ata fo r w h ea t are

a

es tlm ation su p和
rted by bac kgro und G IS

.
N O A A

,

A V H R R 1

.

I k m d at
a

w as

u

se d w i
t

h T
M an

d G I S to

e x t
ra

e t
w h

e a t a r e a

as w
e

l l

.

2
)

T
ak

i
n g

a
d

v

an

t 眼
e of A V H R R high t

em 卯
ral

re so lution
,

to

e a r r
y

o u t
w h

e a t g

row

t
h p

ro ce ss
s

i

mu

l
a

-

t
i

on an
d p

r

ed

u e e
N l ) V l

t

em
po ra l P

ro fi l es to

mo

n
i to

r

w h ea
t g

row

t
h

e o n
d i

t
i

on

.

Du

r
i飞
~

ke y st眼es of

w hea t g
row
th

,
e

.

9

.

t u

rn
g

re

e n p
e r

i
od

,

j

o
i

n t
i飞

stage,

h
e a

d i
n g

s t a
g

e a n
d

mi
lk y

r
i p

e

ness

,

re al
t

i

me

A V H R R d
a t a

was

P

roc ess

e
d

a

nd

e

om

b i
n e

d w i
t

h

g
ro

un
d 比se rva

tion d
ata to fo reeas t output tre nd and

p
rov
ide dat a fo r yield mo

d砚
o
pe ra ti

on.

3
.
3
.
3 A 肠na 召姆n 诬e n t

sys

t e m
fo

r
m 心
el: 加

nk

(M S彻[B )

M S M [B P
rov
ide
s
me
thod

s fo r the es tab li
shm ent

of yiel d
mo
de l

thro 吧h m od
eltoo lban k

,
a n

d 叩
erates

al lnled
els suPpo rt ed by

expert syst
em
.
T he ealeula

-

tion re sultsw illbe inP
ut M SBD for

the pro duetion
es-

tlrnat10n .

3
.
3
.
4 P代d u ctio n fo

reca

sti鳍娜tem (尸FS )

P
FS

eonduets Pro d
uetion

tre nd pre d ietion
,

tot

al

ou

t p
u t

fo re

cas

t
i呢 an d re l

evan tre sults export
.

1) T here 丑re t

wo

t i

mes

p拟l
uetion tre nd pre die

-

tion during w inter wheat g
row
ing

~

,

on

e
i

n

M

a
rc h

(

t u

m
g re

en to j oi
n t

i吧
stag尽)

,
t

h
e o t

h
e r

i
n

AP

r
i l

( j

o
i

n t
i吧 to h

eadi飞
st眼e)

,

w h
0

Se co
n t e n t

was

arno

u n t o
f i

n e

rease

o r
d ro

p i
n p

r

ed

u e t
i

on

c o

m
P

are

d

w i
t

h l as
t 界
ar base d on an al y

ses of A V H R R gre

ennessd ata
,

眼
rieultural

con
dition

,

眼ro-- m
et

eoro
l馆ical data

an d disa
ster ev al

uation
.

2 ) T
rans
ferri 吧 da ta of unit yield and cu

rren
t

界ar w h
eat
are
a f
rom

M SB D
,

we
cou

l d

eas

i l y

cal

e u
-

l at
e

to
t a

l
o u t P

u t

.

T h
e

ou

t p u t p
re d i

e t
i

on
w as

on
co

u n
-

t y l

eve

l
an

d
t

h
e n

co

u
l d p

ro

v
i d

ed
re

s u
l

t s

to d i st
r

i
e t o r

p

rov

i
n e

i
a

l g
o v e

rnrne

n t

for

l oc

a
l

pol

i
e

y
de

e
i

s
i

o n
,

w h i l
e

g
a t

h
e r

i
ng

co

u n t
i es

p
r

od

u e t
io

n
d at

a

to
p

rov

i
n e

i
a

l sc al
e

w i l l
be im po

r t

an

t
sc i

en

t
i f i

e
b as i

s

for
ce

n t
ra l g i ve rn

-

me

nt m
a

k i飞 fcx沮间icy
.

3) Th
e ex卯rted res

ults i
ncl
udes dist五b u tio n

m
ap s of

u n it y ie ld a n d
tot al ou

tp u t
,

d
a t a o

f ar ea an
d

P 获对uetion
an d sP atial distrib

utlon m ap o f w h eat ar
-

ea 。

4 C O N C L U S I O N S

T h

e

fol

l

ow

i

ng

con

d

u

sio

ns
ca

n

be

d

~

f
ro

m
th

e

res

~

h

a n

d

o

p

e

rat

io

n

of

~

te
se ns

i

ng

b
as

ed
es

ti

-

m

a
t

i

on

s 邓tem fo r w in ter w heat yield in the No
rth

C h lna P l
ain :

1) T he sy st em
h as a se ri es of fu nc tl

ons su ch as

mon
itor i飞 of w he

at g
row
th situation

and 50 11 mo
is-

ture content
,

a u t o r n a t
i

e e x t

rac

t
io

n
of w h

e a t a

rea

,

y i el d m
ed

e
l d

e v e
l

o
p

men

t a n
d

v a r
i

ab
l es

a e
q

u
i

r

emen

t
,

ou

t P
u t P

re d i
e t

i
o n

an
d

res

u
l ts

e x

po

r t

.

2
)
户J ea ex

t
rac
t
ion

ac
euracy h as reaehed the de

-
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