H40E H20 M &l TR R Vol.40 No.20
2024 5E 10 H Transactions of the Chinese Society of Agricultural Engineering Oct. 2024 195

VPM HR 55 = R RS AR EHRE TR~

TAR, EHEY, AEEY, HEF, LR
(1. P ER2ERE R 2 5 SR 0 T 3R 26 R S AR e B A SE e %, JB A 100101,
2. HERERE K RE SR, JE5T 100049; 3. FEAR KRR SRR, dEE 100193)

W OE: ERATRIED B TRER A % 4. 8RR AR s AE EEEH . AR KL E 2
B AR, Z0T 75T 2016-2021 £E Sentinel-2 B EEIE MR R BHES, R MG a&EIOLAERE
! (vegetation photosynthesis model, VPM) S# /= KE M ==A5M 777%, XHEMKRE 30 MFERKE=EF TR 4
B . 1) ZHEAIRE PRSP R E B A 4 VPM BRI T = s R T SR (W REGRTT 0.18; ANy
TTIRIRZEEL 3.24%); 2) WIFLX B KBV Ey 7~13 thm?, EEX FEAEPAE G MK, I H S I b g3 pudL
FHZR et X Rk I 3 3) BABUUBE ) Mr 3R B, SRS RUAL 72 R4 B o R R 1) T K A (] 43 A B s R Sl A A e
T SR R PR . I AR DR B T AR AR L O, PRS0 TAESR AR T &R, R SR LAl
Fe A BB ELSE R ORI E

KRR AR, RAEY: FE HE 25 EARE RACLBAAFR

doi: 10.11975/j.issn.1002-6819.202404042
FESEE: S127 XHERARRRD: A

IR, EBE, FEY, F VPMRESH~RZYLESHFNRE RG] RILTEFR, 2024, 40(20): 195-201.
doi: 10.11975/j.issn.1002-6819.202404042 http://www.tcsae.org

WANG Yonghao, WANG Minglei, YAN Huimin, et al. Estimating maize yield in Jilin Province of China using VPM model
combined with conversion coefficient[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the

TERS: 1002-6819(2024)-20-0195-07

CSAE), 2024, 40(20): 195-201. (in Chinese with English abstract)

WWwWWw.tcsae.org

0 3| =

HER A I AR VR o T IR B e A B 2L
BUAT A7 05 15 RT LA N 9 % Ge il 7 A2 B8 I B Al ™
P Herb, ARGUAEFATTE, A T A S UL 5
AR IRG B vy, (H2 Al I AR 7 ZERE 2 K N AN
Wi, DA L . Ak, AR G771 A REXS L
REASHEAT S, TG0 2 K Bl At AR B
EEAR AW R JE, RIRTBOZH AR AED A7 1 3
WP AT, TR R R R T A
AONGEE A% AEYAEREERLE . YR AR 1 5L
e WLas A S) ROR 52 2158 . Herp Gt [l A9 S B i
B ROREGE, HEZEMAEKHEMEED EDE
KAREBREEMAERKNEE TS S, HEZKER
FE 1 4 2 B % 45l B 00 DR -1 AR AL AT A8 B, HLas 2%
2 LR PE S A PR B, (HL CRRAET By
S TR LR T HE AARRED), A R AR R S0k B
ARG SE A KL S &, RS RCRE . K

Wik H#: 2024-04-08  EITHH: 2024-07-12

HEWE: ERESTRITRINE (2022YFB3903504) 5 1 E Rl 4B ks
P FRHL LT (XDA0440405) ; EZK BRI EEEEIH (72221002)
PER I FKR, BFFUT7 RIS BARIEAR

Email: wyh990312@foxmail.com

KIBEMER: o0k, L, BRR, HRTAASREhS VRS

Email: shiwj@lIreis.ac.cn

doi: 10.11975/j.issn.1002-6819.202404042 http:/

AR RS s, TEAEDAE P20 T R 32 L,

FEAYERMWOGRIEEEY, il S RE SR A
771 (gross primary production, GPP) Flfti b4 4 R 4¢
W=7 (net primary production, NPP) H.f5 5
ER . Jmsedpsk, KM DUREIR 75 F M6 Re R FH 25
A, R AR SR BHAE 77 (Carnegie Ames Stanford
CASA) o i o & & 7 R
PSN) PURI 4% o & 1 B 7Y
(vegetation photosynthesis model, VPM) U12&, 4T
GPP FlIl NPP A5, RCAR A 7S R G0 A 7 D40 5T 1
—ANEEREITE .. Hrh, BT CASA F1 PSN #4Y,
VPM 5 1 45 & 1 4 5 A 1 415 20 (enhanced vegetation
index, EVD) Ml % /K45 % (land surface water index,
LSWD ), 7E4RH C3 F1C4 /£ GPP RL - S 5 jm)
ZUO, R IRER st Boks .

BT ARG VPM BRI R AE DG 72 TAE S, 7 25
SERIGRERI 2 WORIB BN DI R & &5 K2
o SWOCHESHPEDREL VRV 5P AT FTH X
ZE A FTANE, a0 oK i e oK Re R FH 2R A2 56 o
331 g/MJ CBLCif, FED, & EEE AT
2.17~2.29 g /MJ Z [a]1"2; v [ AS [ X (503 4 Bk 0
TN ICPIME R 20% A4, Fik, BUA R 2@
S H (1 7 FORBUX S SCH S 4, DASCILE A 1 AR A
Yofl et SR, IR RO AT . R,

approach,
(photosynthesis,


https://doi.org/10.11975/j.issn.1002-6819.202404042
https://doi.org/10.11975/j.issn.1002-6819.202404042
https://doi.org/10.11975/j.issn.1002-6819.202404042
https://doi.org/10.11975/j.issn.1002-6819.202404042
https://doi.org/10.11975/j.issn.1002-6819.202404042
https://doi.org/10.11975/j.issn.1002-6819.202404042
http://www.tcsae.org
https://doi.org/10.11975/j.issn.1002-6819.202404042
https://doi.org/10.11975/j.issn.1002-6819.202404042
https://doi.org/10.11975/j.issn.1002-6819.202404042
http://www.tcsae.org
http://www.tcsae.org
mailto:wyh990312@foxmail.com
mailto:shiwj@lreis.ac.cn

196 flk TR (http:/www.tcsae.org) 2024 4E
5 R H 38 B B AT IR . SRR B R ED A P B br $5, H b Sentinel-2 £ 25 6] 73 HE 2 N 10 m, B 8] 4 ¢
BT, EMIA TR TEEE AN VPM S Z08 5d; MODO09AL i 25 (8] 4 #5254 500 m, B [A] 73
BeRPEE BB HERf S = TR AE 1 PR 8 do AGHHE L EAFE A A REES (photosyn-

ARG B 72 S A e . RS R e, AR
WHARAEAL S VPM Al =Bt |, $2 T VPM 5%
REABL A PGP R DLEH M TR AT AN R,
5T Sentinel-2 1B EHE 5B T 10m 73 F 1) KAl
7t

1 MRFGESHIERIR

1.1 #ARXER

NI v O S RS Nl i S/ SRS B 2 DS W e
it 4x10* hm* 1) 30 M X EAENBFRIX (B 1) . HFHhE
(40°52'~46°18'N, 121°38'~131°19'E) #& 1 [H F 2 1)
A4 =3, 2021 F48 KK EIE 3.20x10"t, i
lAE S . HMREHERICNARE S, IR,
HURI-PaRE AT A KRBT, /AR
S NIEE LR S U S N R A Y ) = R K N
RhPES MR, AFEKIMN™E, BREMRN, FPHEK
i 500~600 mm, FHF[IE-2~6C Z [ WX AR
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123°E 126°E 129°E 132°E

46°N 1 44°N
s S/'\/:\\N}
44°N + 23 ";f{ 1 42°N
ony | M K5 Maize distribution
42°N [T #9clX Study area 4 40°N
[ ### Jitin Province 0
120°E 123°E 126°E 129°E
b F KR

b.Spatial distribution of maize
B/ AR R AR
Fig.1 Study area
1.2 #iEkIR
AHIE T AL s (0 40 Ul . AR BdE . &
KR 73 A0 B8 DL R AR e TH e - 2 B A
FiL R SR ) Sentinel-2 £ 45 A1 5 [ 5 7 5 i) MODO9A1 %t

thetically active radiation, PAR) 15, HH PAR ##fE
RVE T4 BRFE R AR E S B3 7 i B4 4 (global land
surface satellite, GLASS), 75 [0 4> #F% A 5Skm, K [A]
SrHEERON 1A SR EE R E X E R S R R O

(https://data.tpdc.ac.cn/) KAGH] “HHE 1 km 73 #2ZiEH
SR A U, T KR o A dE SRV T K A
A B2 B4 o0 Chttp://www.nesdc.org.en/) & A ]

“2016— 2021 4F 1 [B £ K Fh 48 7> A B4l 2 Ccrop
distribution, CD)”, ZE[A] 73 ##% 4 30 m, I i) 73 2
1l Ak, R TR KRR 2 A B 1 A R 3 R
XTHF TS R B, ARG 6 KM el =
KARETEY) | km P AT H FOKFhE 20 A1 2 s
FIF 0t Ee e 72 2016—2021 4R 7T X 4 30 AN IX B
Tk B B AR R I RURIE T H A Gt R (http:/tj.
jlgov.en)) o HE, AHIEFEAE AN [F] A% 8] 73 B2 M A% 2R
RUKCHE BCR AR 10 m 25 () o) HEac B8, 3k Je T g A
7= TAE
1.3 MRFBZE

1.3.1 VPM ARA KRR

VPM R R e R R SRR PO R R R 2 —,

B2 B T AR R A 2 ) R Y . VPM R A
T4 e 2 R AT S A 2008 S PR L A8 4 D W 2 R AT 58 4
A ARG 3 T AL =BT /% AR &8 NPP, 1
4 VPM BRI G508 GPP, [RlIk45 & GPP 5 NPP
(R RO AT I . R BRI

Vee = Voer - Veus (D
VGPP =& VFPAR(,I, -PAR (2)
gg =& Tscalar : Pscular : Wscalar (3)

o Vaee WISV R AT 15 Vo NEHILET" 15 Veus
FontAI 2, B GPP B NPP 1AL 530 &, 30~
JERERIFHZ, /M5 Vipar,, J9 43 25 WRUSCES 3 A 48 ek
2R A R S Bl PARR R Y6 & H 20U 4
MI/m?; s Rt KOGRERIAZE, oM Toawrs Picatar 1
Wcatar 53 NN IRIE 7K RIS 1E 760 2 R S e K6
REF FH R (i 2 502

25, NPP BN it 5 0 R

Vaep - (1 =b)- Vi
y= 4)

KRPY NRIEY S, thm?; bREYH T B A B
ZIHEMRAEYI T S B Vie NBGRIEEG cNEDII R
T wNEYMCGRE ORI SRR R KPR A
WY, by Vie s ov oBIBUEN 0.1 0.49, 0.45. 14%.
132 47 2%0MELitHE

IR (1) ~ (4), &4 VPM #E A R /R4
P E AR T LGB RIE N


http://www.tcsae.org

520 3

FAKRAE: VPM R e R 6 1 AR TR 197

Tscalar : Pscalar : Wscalar ‘ VFPAR(,,, : PAR ‘ VCUE ° (1 - b) ° VHI *&o

Y= c-(1-w)

(5
KHes Vins Vewe » ¢v b oSG8 S 500 NI €
B, 287 AREYKS . I8, SUEFA (EY
AV PR TSR 2R, 3 S BUR S A7
FERCR W 72 PAR. Vipary s Tscatar~ Pcatar T Wicatar 95
SOME . v oS8 S BB SR EOCHE . RRUA 1 55 i i
AHFFIR L VPM A5 EAPAR, e 28 a AR
B 2 A XA 8 2 Z O WAL &, PAXS SR s 2
BT ¥G .
AICHTE L VPM B8 W8 2 APAR, 540
AP. Ang = Tscalar -P scalar * Wscalar ' VFPARM, -PAR (6)

AR SCAKHE VPM [ PR LR AR 2 A0 ] E (R B 2
LRGN — T E R 28 a. Aia U a LA
BEARAL 7 A, Sl P AE FEAR 5, I SR A 2% T s 4
A= 7 AR D AT A4S B B NS R R R L DR
B JEE R eh (AR [ 2 A2 RS . AW E X
" R att AT

a=VCUE'(1—b)'VH1'50 7

c-(1-w)
et 2 a W XA . AR ARV AR
AW, HFWRIGRESNES, KAS . &
WO @ EY GE vt = HdE ATAPAR,, 2 [A] (26 MO & it
HAE. WM
Y=a-APAR, (3

U APAR, i VPM Zh A WIIHE £, o 45 & s sh 2
ANE X B APAR, 5560 B X EL 40 1 5 = i ST E N 0
2 AR, TS A 3 & 1 2 T R e 7 R ¥a
1.4 1RBVI4IF

AT 2016-2021 £E B 70X % [X B APAR, 5 H
Xof L 5 1 B KA 4R DA 703 1 LB BE ML 43 A I SR EE AN
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PRk o RE BEAE R . AHIE I I R RS 2 VR H5 b
I E 2 EPY (coefficient of determination, R?) . ¥J
J7 MR % (root mean square error, RMSE) . ~F-35 H %
7 (mean relative error, MRE) FlIH—4k 357 fidig 22

(normalized root mean squared error, NRMSE) .
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it i
Statistical yield(t-hm ?)

b 25 & Z a5 I VPM
b. VPM combining yield conversion coefficient a

T R AR UE BB, RMSE CRBITRIRZE, MRE R TH 2%,
NRMSE AR IH— 77 iR % .

Note: R? stands for coefficient of determination, RMSE stands for root mean
square error, MRE stands for mean relative error, NRMSE stands for normalized
root mean square error.
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Fig.2 Comparison of model accuracy
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HELEE 2016 4E A1 2017 4, P35 517 43 jil 18 3] 8.60 Fl
9.02 t/hm*; 2018—2021 4F [ °F ¥ 8.7 Nl ¥ 6.62 t/hm>,
gk d BT EoR, AR g RS Gk B AR AUE
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7 #4 Jilin Province

b. GG H FBa)EHIVPM
b. VPM combining yield conversion coefficient a
B3 AER ¥ H AR £ RMSE & ) 5 st b
Fig.3 Comparison of model RMSE (root mean square error)
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e. 2020 f. 2021
[ 144 % Boundary of province #4315 (B

[ | i % Boundary of city Yield distribution value(t-hm™2)
FL% Boundary of county 2 5 7011 b
0 150 300
——————— kM)
B4 2016—2021 FAF50 K ERAE R 2 0 5 A7
Fig.4 Spatial distribution of estimated maize yield from 2016 to
2021 in the study area

x1 EHEEHEHETRE o

Table 1 Yield conversion coefficient a of each city in Jilin

Province
e e RAC Wil e RA
City Yield f:onvermog City Yield conversqr;
coefficient/(x10™) coefficient/(x10™°)
K& 1.21 Py 1.33
m 1.08 Ak 1.10
AR 1.19 EE 1.05
1r [ 9zbr#™ Statistical yield
10} L Estimating yield
~ 9k ¥ Mean value
£
i %
.&; 6
5 05f
# 4L
3 -
2

2016 2017 2018 2019 2020
44/ Year

B 5 2016-2021 AR X 2 RSN E = 5 Goit £ 7 2 b
Fig.5 Comparison of estimated and statistical maize yield from
2016 to 2021 in the study area

2.3 BUEMSH
AT 58 0 B R R R R B AR S (s
BRI RZED . FRFE A 22 [E 4 HE% (30m 5
1km) DL 38 B4 9 25 A 43 #E% (10 5 500 m) ,  Xf
AP A PR AT R b (R 2D
=2 HEMaE

-2

Table 2  Sensitivity analysis table t-hm
iR a
I H Item gk P23 1kmCD  MODO09AI
City-level  Province-level
Sk 1.29 1.36 1.24 2.13
g~ 0.94 1.30 1.34 1.74
Wil K& 1.07 1.13 1.08 1.11
City i 0.93 0.96 1.03 0.99
biikea 0.71 0.84 1.09 0.79
ik 0.59 0.71 0.96 0.59
2016 1.38 1.39 1.61 1.84
2017 0.91 0.98 0.97 1.38
Efy 2018 0.80 1.04 1.13 1.27
Year 2019 0.67 0.86 1.01 1.22
2020 0.87 0.94 0.98 0.94
2021 0.77 0.94 0.98 131

e WAEEIA 4 FIBER S I RAEAARRE (%, BP0 MEE~ R A
I7] 2 1) 43 9 56 1 R A AR 3R (1 km) FUEJEECIE (500 m) A= 45 1
RMSE f#.

Note:Four columns from left to right were the RMSE of estimated maize yield by
using different scale conversion coefficients( city level, provinciallevel), maize
distribution data (1 km ), and remote sensing data (500 m) with different spatial
resolutions, respectively.

FLAARSRUL, 78R ] A0 2 8] _F 55050 F 2 iy g
BB BHEETTRB 1 km 2 PR KR A s AN
500 m 43 #Z MODO9A 1 32 JEE 4 1) At 7= 45 SR 3t 47 #
Xt R RN, @AM RE /L 10 m [ 5
I 38 AN 30 m 23 (] 23 R AR W P oA 73 A B
MR . BARTS, (EZZm B, {8 MODO09A1
EBBAE A R, AN BT RMSE H I =i
I HLAE B4 {5 E AR s 2 B K RMSEs il
BB RZBONE 1 km T KR 20 A B8 (10 44 77 5 51
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o, RMSE 7£ i /8] fl 25 8] B3 A, (HNBEKEE,
R RMSE B& K. ZRARE, & BEx il = 45 e
AR BN R A2 18 S 25 18] 3 W . AR 40 A Bl =
] 73 e 2 RN BT A FH 0 2 7 RO AR
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FORAIREI LS b 23271 0.23, RMSE. MRE 1 NRMSE
SRR BT 0.23 thm?. 3.66% A1 3.53%, AH4DURS FE 3 o
WA, SHAGBF R T EEM L, AR RS R —E
PR o T TS 7 5 O A 2% e ol T P 8 R T T AR g K
SEGHLAR 2R ) AT A X oK A PR, R2N 0.30; JE
76 5% 227 (¢ F Sentinel-2 B4 HEAT LAT 528 3k 75 21 &
INERIG PR, RPN 0.52. BEIIKS AN, AR
H:F Sentinel-2 B LI T 10 m 2[R FER I EOK
flirs, (R ERA — IR, A5 pr
FHBCHE 0 FF YR AR B T30 Ao T8 A HLFR A I a4
AT AR AT GRS, fJa, ASCER T
= LB A B TR FE 22 ST 6 N T Re i BLAR LG, B
TR P T AR S s O

AR RBAFIE — W R R A . Bk, M
BIEMERE, 1D HFEBEEEE. KGRz
P EEMANLE, TR PR 25040 = 0 0 FEEA
—HM R R R, WS EBURERE FEREG 2)
AR FH I E PP o AT e B AU AR E R &R, R
il 7 I YR 3D MBS AE A S B B R G T i
Z 5 BRI TR B8 SLIL RIS R 40 R 1 B R 7 &
s 4) ARSCRERLR S 5 B0 R 3 B AT 5 X ) R
KT, RMAREE I, ., SEs L i
RZEm. Hx, WEMRI S RE, b HEm
GEE “F &SRR, A RHCHE w25 43 3 e 04 Fl i 2
Bl T EAIME . BhAh, ASHE R 5 k4 30 M EX
T K B AG PRCRRE, {E R b X B 2 VR A R A
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PTHI N B PR BRIRMEM o A iR 22 . kb
B2 s B B 7 H 0 R0 488 0 22 (9 A 7 DR 2 T T AT R
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4 %

AHEFEIET VPM B R, R A JRUBE TR ) 4%

AL ETE A M IMAEEAPAR,, , R A o [
KESHEA N R PR T —FoB i) LK R
i G A5 R o ] 52 2 822 FLXE DA 1) 8, ok K R ASE
TR RS E DAl 7= TAE A — 2 L .

D MR TG LE M EEHBA (vegetation
photosynthesis model, VPM) , AW 55 H 1 45 & % ™~
REUAL F R RAL PE RS BE R v (e R BN 0.35
0.53, LM ZES N 1.03 F10.81 thm?. P 4H X%
ZE AN 13.19% Fi1 9.40%, V3 — 1035 77 M iR 22 5 0 R
14.97% 1 11.73%. SO 5 A8, BEIR$FF T RAF AL
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Estimating maize yield in Jilin Province of China using VPM model
combined with conversion coefficient

WANG Yonghao! , WANG Minglei'? , YAN Huimin'? , YANG Jianyu® , SHI Wenjiao'**

(1. Key Laboratory of Land Surface Pattern and Simulation, Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing
100101, China; 2. College of Resources and Environment, University of Chinese Academy of Sciences, Beijing, 100049, China;
3. College of Land Science and Technology, China Agricultural University, Beijing 100193, China)

Abstract: The objective of this study is to estimate the crop yields in the key corn-producing counties of Jilin Province, China.
An accurate, efficient, scalable, and cost-effective model was developed using Sentinel-2 remote sensing data. High spatial and
temporal resolution was offered along with the comprehensive meteorological data. A robust framework was built to estimate
the maize yield. The limitations of traditional estimation were examined using ground surveys or lower-resolution satellite
imagery. These were time-consuming, resource-intensive, and prone to errors, due to sampling biases or limited coverage.
Sentinel-2 data was incorporated to provide a continuous and consistent view of crop growth patterns over a large area. The
vegetation productivity model (VPM) was integrated to calibrate the yield conversion coefficient. VPM approach was used to
estimate the crop biomass, according to the vegetation indices from remote sensing data. The biomass was converted directly
into the yield. A yield conversion coefficient was also required to consider the agronomic conditions and crop varieties in the
study area. The accuracy and relevance of the model were then enhanced to fine-tune the coefficient with the local yield data.
The dynamic variables were integrated into the dynamic observation index in the VPM model. The relatively stable parameters
were integrated into the conversion coefficient. The accuracy of yield estimation of the improved model (R>=0.53, RMSE=0.81,
MRE=9.40%, NRMSE=11.73%) was superior to the traditional models (R*=0.35, RMSE=1.03 t/hmz, MRE=13.19%,
NRMSE=14.97%). The obtained model was then applied to estimate the corn yields in the target counties of Jilin Province,
where the yield range of maize per unit area was found to be 7-13 t/hm®. There was a distinct spatial pattern, where the higher
yields were concentrated in the central regions and then gradually decreased towards the peripheries. This pattern was aligned
with the geographical features, including soil fertility, irrigation availability, and climatic conditions. The high-resolution
Sentinel-2 data was used to better capture these subtle variations in the yield patterns. Sensitivity analysis was conducted to
further validate the robustness of the model. A systematic investigation was implemented to explore the impact of various
factors, including the spatial resolution of remote sensing data, the vegetation indices, and the calibrated conversion coefficient.
The precision of yield estimation was enhanced to employ the precise yield conversion coefficients, high-resolution remote
sensing data, and maize planting distribution data. The rest factors were the spatial resolution of remote sensing data, the spatial
resolution of crop distribution data, and the fineness of yield conversion coefficients. Furthermore, the future research direction
was compared to further improve the accuracy of the model. The significant implications were achieved in agricultural
modernization and food security. The timely and accurate information was obtained on crop yields, in order to optimize the
planting strategies and decision-making on resource use. The findings can provide valuable insights into the influencing factors
on agricultural productivity, and sustainability, particularly for food security at the regional and global levels.

Keywords: models; crops; yield; Sentinel-2; Jilin Province; maximum light use efficiency
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