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Potential productivity and yield estimation of spring wheat
based on a Net Primary Production model

—Taking Baiyin district in Gansu province as an example

ZHAO Jun, WANG Yu-chun, DANG Guo-feng, WU Jiang-min, FU Jie-wen, SHI Yin-fang
( College of Geography and Environment Science , Northwest Normal University , Lanzhou, Gansu 730070, China)

Abstract: Based on the Carnegie Ames Stanford Approach (CASA), a net primary productivity (NPP) model for
spring wheat was established with 250 m x 250 m MODIS remote images and weather station-based meteorological data in
the Baiyin District at wheat growing season from April to July 2010. Through calculation on the transform relationship be-
tween NPP and dry matter, the potential productivity of spring wheat was estimated. The results showed that the NPP and
potential productivity of spring wheat in south area were both greater than those in the north area of Baiyin District. The

2.2 ', In the meantime, it was found

minimal value of NPP was 42 gC+m~?+a~" and the maximal value was 402 gC*m~
that the production potential of spring wheat showed clear correlations with seasons. According to the actual wheat yield of
per unit area and the potential productivity of spring wheat, the estimation model by regression analysis was established.
Further tests were carried out to evaluate the accuracy and utilization of the model with a root mean square error ( RUSE )
at 76.33 g'm_2 and a relative root mean square error ( RMSEr) at 23.51% .

Keywords: Net Primary Productivity (NPP) ; spring wheat potential productivity; yield estimate; Baiyin district in

Gansu province

MR 42 A IS G R B [E T R AR R 2R RS, ORISR X ICR A W A 7 1 S Al 7™ 8 07
B BN TR, SR, DL R R ik iR e B R
SEINIE IR B, AR A A 7 0 07 B A 7 45 ) A 2= 7= 77 (Net primary productivity, NPP)$§
ColE 7Tz, B e Xl T R mm™ YA e AL AR A AR T AR R R )
B, MR SR, A S IR I S A A R R R AR AR R, O LT B R R . NPP LERT ST

75 B #9:2014-02-10
E£WAB : HEKARFHAE LT H (40961026)
EERT S Z(1963—) , 55 a8z, L, 2SS IE AR 18RS GIS I 4 i1 2 AIESE o E-mail: zhaojun @ nwnu.

edu. cno



200 T2 X AR A5

:33%

SERAE YR AR AL A T TR A EEER,
H AT, NPP (A AR A 5 B4 G R A | i 7 55 A
FIOCHEA F A3 5 S g ) R BERE 7E R A
WF5E LAk R, o CASA iR &) 12
SO FH T it 3t NPP A 0145 i) B RS GIS /9 CASA
PRRIREDS S X I NPP B 23 22 S pE ) LRk, X
S A e R A S R A LA S

I ARV ED = i 5 R K Z P R 7= e R
), RAEY) P e — o WA L RIEW A K Z
P NPP [ —3855 , AT T 22 [l A7 e — AN A k0™ e i
et R0, SLRR R FE B TR AR A i
LXK N NPP SR SR B X SAE Y = A LB
SCT S EAMR 22 A AR A Vs T LA K
T JEA T A TR RS  m iR 2 e
FEIX — S A T — 20T 2R IR R AT o A5
TR L 7= BRSO T B A /N 7 i
BT TR &N AR it R S SR AR
TR M AR ETE - 4.5% LM B Sc s S 0k T
MODIS — NDVI X V1] j 44 4 /N e 77 s b AT T 78 JEkAil
D 368 3k 15 22 X6 FU J5 & B, FEABE 7R v 5 | A4 b v AR
J& , A DXk NDVI AT LA 450, Bk | o i b e 4 /18
AT P 10 2t e 455 b v ) ) A 7 R I T
FRIRAG IS 7= e s Sy AT T W58, FF 5 T Ak = A
RIS R, A SC A H RS AR X R ST X, A
MODIS %54 , LA CASA RN SEAtk , Al 38 T F9E X
INZ IR A7 D, RIBE R B /INAZ NPP 5 T4
Ji e P B 0 2 A9 B AR IX R /NZE B A 7= L OF
AL AT

1 W5 XA

FIAR XA T H R B, kb Jb 46 36°15" ~ 36°
47" ZRZ: 103052 ~ 104°26' Z [8], J@ A B B 111 7 B A4
T2 B S b P Bl P IR A R R AL T R
Tl - 2 - TR b B el VG b ) AR R
BlFRAE 1420 ~ 2 265 m Z|A] ISR M £ 80 =
A POALFS Ll kb | 38 e g PR AR 4 )1 6 s 2
AR R K 5 R 233 mm, AR 9.6°C 5 BRI
H =K /b, B A PE e O AEE, i 38 000 m;
554 S 15 K P AH G AR DB i £ 45 3 o 4K
A%, B Hh 5 B0 AE RS AR AL ER , 5 A AR DX X
JITAE R, o T R 2 BT, SR R 2 oK B HL A A 3
b ALERZ S R AR X B R AIEY N — 4 — 2
BN s X RIS RS 1 R 8 2
+ A AR, RS A AR X o A
I TR R R A

2 BIERIEEIIE

2.1 HiEkiE
AWFFE FEA T LN B (1) s EU™
al MOD13Q1 %545 : >k H 38 it 23 il K J7) (NASA) %X
P, 23 8] 43 RN 250 m, BF[E] 23 #ER N 16 d,
AWFFE I 2010 FEF/NEAKFEN,4 HTH S5 A
9OH.6 H10 H.7 A 2 H, HEHRXK 4 5
MODI13Q1 — NDVI #t#i# 5 (2) AR B 3 2R IE T
E AP BRIk 55 M, A48 2010 4R AR XS
Bl H XS0 H B K & R H R BA 56 55 4504 5
(3) HAWEHE : R X F /N2 7 i a1 AR
X 2010 FEGeiH4E%E . MR EARIX 2010 4 (4—7 H)
BATE /N S b 7 s B, 19 BB /N 7 i
(RBP4 5 23 (B 80, T AR IX R /N2 AR KT
7755 SEBR 7 R AE DG 3B B A/ INAZ 7 A 0 A
2.2 MARFAE
2.2.1 A% NPP & A5 CASA (Carnegie
Ames Stanford App roach) #1211 Potter 1 Field
FET Monteith $2 H FILI 2 (%9 APAR 1% REFI AL
Foe THRAEY A I T L WY, JE R R
S AEPL LA S IS AR s I [ 2K 3 9 D RE A HT %
BEAY, NPP 2 A 4 T W AT 1) 0 5 A8 A8 55T (A-
PAR) 5 6REFI R (e ) A8 i o AL B
A[RIRN
NPP = APAR x ¢ (1)
Ho, APAR JERBE M A 3R S (¢C » m™2 -
month™") ;& M RIREFI R (C - MJ™'),
© B/NERIME A BRI APAR W1 ¢
R I W A1) 5165 A 2080 S B T K P S i 55
AR 6 R S R e 3], A =Ny
APAR = SOL x FPAR x 0.5 (2)
Hrp, SOL 2 KB A FR ST (M) - m™2) ; FPAR J& )6
HABERG, ERRRE NG EERICE %
FRSFTR LU 8L 0.5 Fon /N T Re A Y K BH
ARG 7 K PR S 1 L i
FPAR AR )Z X A GA A RCE S i b
i, B /N B PR T A AR R A s R
FPAR 5 NDVI Z [l A7 FE B I MG R Y X —
KA AT MG/ NFE NDVI 1 5 K B/ IMEL A S i it
B FPAR B S Rfs/IMERA E , HA TR A
(NDVI(,,1) = NDVI (i, min))
ST (ONDVI ) = NDVI (i i)
(FPAR,. — FPAR,.,) + FPAR,, (3)

© JEREM AR 8 E

FPAR,



1

B AR ST IR A IR N AR ) B AR 201

FIFGHE A FH 30 RUBADUG 1 A= 77 7, G HAE
FXHGRER A HER A B4, f FORREFI R 2
SN KA - ERTRE I A3 0 A R R, 2
Zerd— R I EE IES L SR REA A R A5 A S
T
e(w,t) = To(x,t) x Tox(w,t) x We(x,t) x € pax

(4)

Hrr,e(w, ) RnEPRGREFIHZE; b 7,(x,0)
M To(w, ) TR EXEREF LRI T R
JOE A AV I T g T SR A PR E ) A AR E TS A I R
il 1T AR B — PR A 7= 0, T, FOR IR M i
B 11 s T R TR A AL IR 0 4 O RE B A 5%
NGRS, Ty T MRS WGk 12] 56, AR
YEVI B RGRE R R (g€ - MITY) e, BUE AR
PR (AN R I R AR AR Ak, AR SCRTH e TEN
0.604 gC + MJ™'5 W, (x, ¢) 27K 53 R R 40 7K
S R W (o, 0) RBT FE W T BE A F 09 5K
IO AR R AL ZR 152 ), Bl PR BE A A0k
SYISEIN, W, (x, 0) BHIER T FHIAKITR

W.(x,t) = 0.5+ 0.5EET(x,t)/PET(x,t) (5)
Hor, EET 9 X RS2 PR 25 0 (mm) , by Jo ) 211
FEEST I DX I S PR R TR AR AR SR A5 5 PET SRy KISV 7E
ZEHCE (mm) , BT E S WSGER 17 ],
2.2.2 HINEAFBEALE WL RE
TEFIAEAE = 254 T BT s 2 i Be T i . T4
A PR R e RIS e B
ARVEYDG G R BR A 37 0F W #E )5 A it
INEFERIETOREER e A 1E R A R A L
W5 (B3R 0 T RF M THRES M) 4 R 3 FH - e A
PRIRR CAnAR =25 i FRE A5 ) FUE /N 22 10 28 0% 7
U BT IR A KN B, R
PR G R R R A G, th T RN AR
PR ST RAE 45% £, o (HZ N 2.22(a HIEY)
IR o ST R R B0, R, AR
Pt =i 5T B R a5 RO AR
W NPP e A= pig 1

Wt RGN A 8 Ty, AT A
XA /N B AR =7 7, an a3 (6) :

Ypm = Yp x S (6)
K, Yom Fom m BOCE/NEWE W T1(2) ;s Yo N
m AR TN A NEZ A= T (g - m™2)5S N
BT (m?) o

3 RS0

3.1 BRREFENEEKET NPP REFEAH

ASCHFH CASA BERY, 55 VR X F /N2 NPP,
BRI R XN K F= (4—T7 ) NPP =3 [H] 43 A
B 1a) , N B BTR , LR X B /N HE K 2R NPP 43
AEARYYE] AR TP AL, B Xl 2 m) 22
S H B /NMEN 42 C-m 2 a™ !, e KA 402
gC-m™2-a !,

HRAE NPP 54 7= J i 6 6 2, 15 81 I 4R IX
BN A 1A B (B 1) o A HR]
PR DX A /N BT T AR A A 7 0 ) A e B B i 25
() 22 5 , P A AR =08 ) KL

SRR UL, FER X /INAZ 1 NPP R4 A
T ¥ S B E B b R G TR T X
IKIGEAAFAEZE 53 K o 2 T 52 1 5 A il DX
NPP 114 3= 2L 2 B, F1 R X 30 H 3 K 3
L, B3 22 o 7K B, 3 {645 e S L DX /N 22 R
BRIy ISR /N T OIS, RN
1) 3277 DXRIRR ™ X, T b DX Pl AR AN 2
B2 R 5, SR R b X R /N A 18 NPP KA =
W m TR
3.2 HEFEEBANEETUSE

BT RIEYAE KSR DT, 7 &
HEANHNARREBRABIICR, L AKX
ST A RR DUV E Y 7™ T8 A B3 2 5L, i
HE— D 5E T /N A e 00 0 ] T AR AR L, 43
S 4 -7 A4 BN WA ), 15 8 s
] s (8 2) o

M 2 0 LIE Y, FARIX 45 H BN AT
AW B MZES 4 A5 A4 K, 6 AT ig
TR X SIZX EERIED B/ NEZ WA K
-8 fFEHR/NEZN BB A ), TR
R, A ) R 4—5 HFE/NELT
PETHIREI B IR A R A AR B AR K IR B B, X
JOEFY NDVI R GH K, 3% — B0 R X A /N A2 2R 7™
N R 6 A TR &R /NE A TTIE
BEIIN  FPRLIME C A ST, K BEIR R KA 93/4,
JERE AR LR, T AR B g, 5 5 A ML, A
W R NG T AR R /N RO, X
— I /N A R AR B B KRR R 20% DL,
TH R R A5k 7 A= v



202

TR AT ¥ 33 %

103°50'E 104°0'E 104°10'E

104°20'E 103°50'E 104°0'E 104°10'E 104°20'E

36°50N

36°40N

36°30N

IR River "‘i
& 5 Village bour?d@%y‘ .
z 1 <50 ‘\,\
& g s0-100
& DA 100~150
N 150~200
N 200-250
N 250~300
N 300~350

. 0 S 10
=350

36°50'N
36°50'N
36°50'N

36°40'N
36°40'N
36°40'N

36°30'N
36°30'N
36°30'N

&
dchad

Potential productiv
[T River

#

36°20N
36°20'N
36°20'N

N 400~450

20 N =450 [o 5 10 20

km km

103°50'E 104°0'E 104°10'E

1
Fig. 1

104°20'E 103°50'E 104°0'E 104°10'E 104°20'E

RIREXF/NE T NPP(a) FNEF=HE H (b) ZE 5T

Distributions of the average NPP, average potential productivity of spring wheat in Baiyin district

2 4A April 511 May &
0.5 10 20
— ww—— T

[ %] Legend
AR (g e m”)

Potential productivity
/A B Highway

% Railway

. 6J] June 7H July

150~200

200-250
B 2s0-300
&\\\\§ 300~350
350~400
B 400450
B -0

B2 AREK2010F4—7 RENEEFBNSH
Fig.2 Distributions of the potential productivity of spring wheat( from April to July 2010) in Baiyin district
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Table 1 ~ Comparisons between estimated data and actual data
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