Kok TR 2 R

Transactions of the Chinese Society of Agricultural Engineering

FEiI3sE FnM
2019 4F 11 H

Vol.35 No.22
Nov. 2019 285

ET SWAP RARUER RN AL TIFEBER K TEEN
IAR KERRY A Y, BBR, HER

(1. FE AR =B R SR X R FCRT, JEa 1000815 2. WL K2EMIE S WIESB, B 310012)

W OE: RIEVFERENME A ZER, [EXHES . DIEASAFESREZNZm, 52 RRIEDAE KBS
XaAb . AHLAR RO FE AR @ et X S B0 2 1Ak J7 72 DASR FH I AERS BE 0O 7, R EAR BN H B, £hx)
DL, %3 LL SWAP (soil-water-atmosphere-plant model, T 3-/K- RS- 1EWRLEY) BERUANFERE, DR E BRI 4
B AR AT X3, DA EZRAEWE KN BAREY, #EM A ERBEMERERSY, 56 H B &
HXTSE RS, TR E R4S (coKriging) LTI AVEYIAE KR GAR AR E SR, e s B
SRR GBYEREE, FHLAH TR 2L (leaf area index, LAD K ZEHK (evapotranspire, ET) HHEAE 9 A k18 AP IR
JEI AR FOKEERE A W B3, SREC T RS 2013 SERFOKP RS AR, SRR R, FoRE~ R
LRI R2IEE] T 0.939 4, BT % (root mean squared error, RMSE) %5 T 148 065 t, “FI4a%F %% (mean absolute
error, MAE) 4 114335t, WFFCIX 15 AN B A7 X B 000 57~ R GE T 87 2 AR g s R EGA 2] 7 0.724 5, RMSE
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. BEL B RBEMEY KSR TSR, UnTEcE
FREYAE KR SE WOFOST (world food studies) «
DSSAT (decision support system for agrotechnology transfer) -
SWAP (soil-water-atmosphere-plant model) 2™, {E#4:
KA BANIEEE R R R SRS, AR, HEE
st R iR R B AR A KRS, e R RUE X
BRI SN 23] 7 AR RS RL. A B AR
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(ensemble Kalman filter, EnKF) AR 15 H R E %
FLLE A TR A AL E VL (shuffled complex evolution
method developed at the University of Arizona, SCE-UA)
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FEEAGEITE, AT RS, RO R AR R
EN-0.99%, HHHRIRZEN 530.81kg/hm!); B {EEESE T
FAEF 7 EnKF J57%, [A4¢ MODIS LAI 7=/ 1 WOFOST
BEAY, SEIL T KT AN TR RS, U7 AR R 2 A
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% AL MODIS LAI #4511 2017 AEA b X A& /N2 =
BRI, RPIkF 0511, ¥ITHRRE 423 kg/hm!',
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SRR, AR, ANTEARAATE R X, FE

TIRONISTETT R . B IX DU, AR KIEA,
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a. WFFC X VE B R A i o

a. Geographical location of study area and sample

b. LAI $##(2013 4E55 257 K)
b. LAI data(2013/257th days)

B1 ARREE. FAEMIEA LAI#KFETTH
Fig.1 Geographical location of study area, samples and LAI data
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a. Wi a. Coarse sand

d. HHLF d. Organic matter e. 2% e. Total nitrogen

b. ¥iHb b. Silt

R = 2400G, d, (o, sin @sin § +cos @sin w, )
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a

T
A d, WHIEER BB G WRIHH L HAEDY 0.082 0
MJ/(m* *min); § AKFHARZE, (° )5 o NRBHE, )
o RFIEENEEE, ) o Hb, dry 0. o, ATULNS
Gl A EOWI H 3 (s D i, AT

d =1+0.033cos(Z%) (4
365
5= 0.409sin(=" 7 —139) (5)
365
@, = arccos(—tan ¢ tan &) (6)

2.2 HIEHIE
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PR Tkm 25 18] 43 3R ) o (] g A g 023,
ZHEARAES T A (FEEA LR L) o R
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L. AW EESESH, WK 2 s

c. Fiki c. Clay
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B2 AREELEHE (KERR: Lkm TS HEG P E LR LA
Fig.2 Soil data in study area (data source: 1 km spatial resolution China soil type data)

2.3 HbTESCINEE

1E B KREAE KRR R, 43 B 7 B 58 X 52
SR E AR TR AR B 2t i) S s . b i A T
1 R B R A SR R . RIEAEY A
KRG A 2R . IR HOR M. RS KR
B R DIEFEAKES, R TED IR X
600 Z A, H R AL 0 FE A fi Ay B 3R A K ) i i T
HIREL ko FESEE GR D, X EK
PV PSS . (=R AT TR A .

Hrb, K IMEAES HIE 10 om RE)HIEHHE
TKE, BIUA NIR B K . T AR R Bl
LAI2200 (ZE[EH LI-COR) fHY5)Z 0 TR IR «

® 1 DEERFS. ARREERMHAREREST

Table 1  Statistics of soil nutrients, soil moisture and maize LAI
i 2R X s LIS KR TR
i H . o
Item Total Total Total Soil iR

nitrogen /% phosphorus/%  potassium/%  moisture/%  LAI

491 0.035 0.073 1.808 8.62 4.92
Mean

*/T\S{Eii 0.013 4 0.009 5 0.113 1.65 1.02

=,

BOKAR 0.062 0.096 2.008 13.63 7.69
Max

1=K

B‘TUJ\{E 0.010 0.051 1.470 5.92 2.92
Min
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2.4 E-T MODIS EREIERY LAl ET = mEE

FEFRE 2013 45 H 1 H~2013 410 A 1 HZ Al
MODIS LAI 1 ET ##/= 5. A, ofmmffe 2o A
MODIS LAT Ax#Er= i 1 ) MODI15A2 7=, N 8 d &k
77 A3 A 23 BN 1000 m. ET #3814 1 12 MOD16A2
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I LAT BE AN A s A I LAY 4850, i 540,
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#, HHT LALE R BUWIEE, 7R

e, DAEE— /NI R AR R O LAT 2 b 1
R/ IMEFEHE, DLSE AN [R]85 s BOU LA £54 d
VESuds RABFEHE, I av b REES i /NI ] AP 28 S0
LA x; A7 H— 4k, B33 —4b )5 1951 18] 55 LA A
DA 1 Fok, FRECEE—BF 8] 75 s (Sl LAT 208 a, A
S5 IS TR AT RS LAT B ¢ 1 Sl i A5 5 5 0
THZ AW EAR a/b 1 o/ds  FJe ARG B KA EL n IR 5 1R
BANE RN, R LAT 8 KR8, SRR &REE
P LATAHE y,o HARA GRS 1 LATE W

_x,—b

I N
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_| Li=08nh T ()
-1,1, < 0 Hn A fH%
C a a
= (k-(S=2) 4L+ ) - x, (9)
yi= o=l + )

X n IR HIRE, AR n=5, {f LAI H%/E
A A i N2 . B 3 IR R LAT{E, RTRAEH,
WS LA BN S SERRE B &, AR T3T
R L AT ARFEL R A A0 AR DA o
2.5 ez E D mETE

] Landsat-8 B /744, RABENLARMR 778, F
THUHIHE K Google Earth (5573 HFR A 7 1L BUREAN L
Wi, BT P ERIEYSEE, SR WE 1 For, Sk
SRKEFEN 93.2%. [AIIT 2013 SEAF 7T X 5B i i) B KA

ARG BRI T L (B14) , ZRERH], SFE M
PITHAA S AE RANGe T 45 RIEAHAE 1 1 1 &RIHE, RPIA3)
109512 1R R A s 3 2 T SWAP BLAREY)IX
SIS S X P B TS, SRR A AR

B 3 MODIS LAI i 4 AT /5 AR 2 )5 69{Ex b
Fig.3 Comparision of MODIS LAI before and after filter and

correction
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Fig.4 Comparison between remote sensing monitoring results and
statistical data of maize area
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FAEAE ATty 3 Rt S BB a3 2. SR, ££
DR B SRR S F v, D 1 R () I 82 03 AT
MR REE, 2R R A )G A e e
TPRELE TG E S . AT P A 7 B (coKriging)
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SRR A SRR ERGE oy Ry 43 IFIRAE xo BT
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Fig.5 Flowchart of this study

TEARWETEH, 25 R BT IX A Gk i S A e,
NTHREASE, T RAL R I — 0 AR Bk
M 25 coKriging 73 [AIH{E T 5. [RII , 3226 SWAP
PR TR o A Sk B B H B v IR R B B A AR
coKriging JfifH, HEMMIZEMTE T4 DEM %L
%, DEM ¥ 73 #8524 30 m, KI5 A GDEM(global digital
elevation model) . X FHAMSZSE /KA E. HE
IS R HE, AR A Y@ e B e VR AT A
3.2 SWAP BB HIRE

AHEFAE ] SWAP BEBE R FORAEY)F= & M5 i 3=
BRI, SWAP HRAYE AT >% Wageningen University and
Research Center JF /& i F T 400 FH B RO () JE M AT 7K
WL iaks . REALBREY A K S5 B R mbs7s,
G R VE AR AF T I 4K 50328 Zh AU A
EHFZELHE, JRaE0 % R K sh& B R,
B b SR AR AU VR AR VE R A KoL, 7 A
WA KA R 7 2, VERRRE AL 5 50 AT USSR E P i A
Kb fE, i a7 SRy AT AR E D ) e & 7
ARSCAE FAVEAEYIBRL 75, DL 1 d B, BRLEY
AR AR, U EY R E . CO, Ak, MFRAERT
VEMZENE . TN LK P, X TR 7 X
TASH, H, W (specific leaf area, SLA) &
52X Y L2 L 45 B, TSUMO. TSUMI. TSUM2
SHOELEYF IS &SR EAE S SEEL, TDWIL
LAIEM “5Z#f ik soth i & 38H, RGRLAI. SPAN.
CVL. CVO. CVR. CVS &S| EESERMEINS
B AP BREEMN sk RFEPI g R otE
i “RENE” SR, H 40 DVSI. DVSEND . RML.
RMO. RMR. RMS Zf# i} SWAP BiZ F KEBRINS 4L,
HZHnFk 2 M 3 Prox, R DVS (development stage)

RIREMAERKR LB B, TTEHN.
®2 MRXEKREMHERSHRE

Table2 SLA parameter of maize in study area

URYER S/ a=] 1427 EAu iy
DVS (development stage) SLA/ (hm*kg™)
0 0.003260
0.25 0.002069
0.62 0.001406
1.01 0.000666
1.58 0.000223
2.00 0.000002

£3 WMREXEKSWAP ZRSHIRE
Table 3 Parameters of SWAP model in study area

2% Parameters S % M Description B {H Value
TSUMO 0B AR /(T - d) 160
TSUM1 H T B AR IR /(C - d) 1020
TSUM2 Fili e 3 AR/ ('C -d) 960

TDWI VEYIRITE TR/ (kg-hm ) 50
DVSI YIGH K BB B 0.3
DVSEND IR BB 2
RGRLAI AR HsR H 1 0.01
LAIEM LB T i 0.01
SPAN 35°CUA_krt iy Fiw/d 35
CVL TR A R 2R (kg ke ) 0.72
Cvo TR A NI AR B IR (kg ke ™) 0.72
CVvs TR AN ZE R (kg ke 0.69
CVR THIFEA AR KRR (kg-kg ™) 0.654
RML I X RO IR 2 (kg kg -d ) 0.015
RMO IR 2% 5 MK 4 R IR R (kg kg d ) 0.01
RMR R LR P IR 5/ (kg kg -d ™) 0.01
RMS ZEATIKT AERF IR R R (kg kg -d ™) 0.01
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[FEAGARA BB AR H T T BT MODIS (1) LAT 7= i
HHRAFER S AL, BRSO IE LAT B3 EACE A
B WREIE, MU RE LAT B RUERATE, R
T T Ak AR A R B ) 7 3 i R A R g B T — P 2
SR R E . Z 7 1A R LATL I IEE SRR
L LAT Z R E N B bR s 4, @i s Me i 2
(B PRT BRI 22 5, IR BRI TN S 8. X — ik
DA S BT ALIN LAT FIBLRL LAT MR/ LR, A
T i G R 98 2% LAT (RAN T REIE UM AR 2 . HoH 5
AR (D) R, Dif, 85 @ AW E B E b —
B Z 0 O IE S, 7 A3 LAI 5% ET, threshold A 1A,
RT3 AR R B o SRR — 80 J5 K B
EF T {4 O UL T 67k 5 SO I SRt AT X b, PR
P ) 2 B S A S R T

L, if V,,, =V, > threshold
Dif, =< 0, if threshold<V,,, —¥, < threshold (11)
-1, if V,, =V, < —threshold

81 SCE-UA JiiEA Wi 5 SWAP B[4 AN 25
(RSO H A SEE D, A UL B /b ElE
A I — e BRI (1000 %) B, Bk IS4 A
S . RS AR, RS RN
TAREMPFEES . [ARFEERNZE, SWAP BAREAE
YEVIRGATT, DL 1 d ) R& % AR St = s 4508, T F ok
VA AS [E] ] 8] B AR A 3545 V0L
3.4 FEEWIE

K B IR UEAT H RV Ge it R g & 1) (BRI E ()
BRI AETASGTMEE 2014) eV & B RAEYFh
T AR AN B A Oy B TR, TH R AFEE FOK AR
UG FE S ROK = )R P 3 485600 1% % (mean absolute
error, MAE) . #J5#R 1% % (root mean square error, RMSE)
FekiE RHL R

4 GR55H

4.1 SRBEFETEMER

i/ coKriging /7%, fEARZu A HESSE. H&
RAEEREEE L, 558 DEM REER T, fH{EKRIR
B B S B AR Bt . RIS, i s v e
2, W RIRBIEIAT 7 HEE, ARSI A
AR EHAT . B 6 FIE 7 2 6 H 10 HE il &
B AR AL I8 v B AR (E W R e R A A5 A, aTLL
EFRH, MEBEBAEENRENZS, BRI EEZI
AEXS BN A Z B SR A 3 . SRR R IR
VLIRS . AR & — RS IR UF 2 R,
B R AL I v HE e B A SR I AR IR 2 (average
standard error) A 1.51 °C, ToXJ M B E 78 B 421 115
FRERZEACH 0.31 °Cs femn Ul 8 v B a4 fE 45 R 17
YIFRIEIRZEM 1.14 °C, TR R I E 5 B8R~ F I bR
WEMCN 0.30 Co ZRE, L@ RS, HE

DEM I [ PR 28 () 1 [ e B <07V T ASRAS SE kS 1 )
Al 2 TR AR (B8 T i, 0T TR TR 1 D B
VAR B W SR A E ) AR AR B B A
B AR TR EAE KB M NSRS, B
SR AN SR
)% Temperature/C

Bl 25176 27238 | >24.9~256
Bl -76-2038 M >238~245 525.6~26.8

>26.8~28.7
>28.7~31.8

I -20.8~227 [ >24.5~249 [ | % % Province boundary
30 " N

A

By

AN
0 280 560 A0 280 560
E‘:E‘:‘km € o E‘:E‘:‘km

a. il 5 B &4 {H Kriging method b, Hi[F] 7 B 44 {H coKriging method
B6 201346 F 10 A& & URIEMAEL R

Fig.6 Interpolation results of maximum temperature on

June 10, 2013
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Fig.7 Interpolation results of minimum temperature on
June 10, 2013
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Maize yield monitoring in Southern Heilongjiang based on SWAP model
assimilative remote sensing data

Wang Limin?, Yao Baomin?, Liu Jia'*, Yang Lingbo?, Yang Fugang®

(1. Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing, 100081;
2. Colleage of Environmental and Resource Sciences of Zhejiang University, Hangzhou 310012)

Abstract: Crop yield monitoring and forecast has great impact on food security, ecological environment, and farmers’ incomes.
Crop growth and yield monitoring and forecast by using crop growth model has the advantages of clear mechanism, high
precision, and high monitoring frequency, but its monitoring scale is usually limited to land block level. Along with the fast
development of remote sensing satellite technology, using remote sensing data combined with crop growth model to accurately
monitor regional crop growth and yield in a large regional scale has gradually become an important means of regional level
and even national level crop growth monitoring. However, due to differences in crop types, climatic conditions, soil conditions
and monitoring areas, the regionalization and localization of crop growth model is the major bottleneck of crop growth
monitoring by using crop growth model combined with remote sensing data, and it is urgent to conduct targeted studies on the
identification of assimilation parameters of crop growth model, pre-processing of meteorological data, and the setting of crop
parameters. Based on soil-water-atmosphere-plant model (SWAP), and by taking the major commodity grain production base
of China, Northeast China Region as a study region, in this the paper, we conducted a study by taking the major crop of spring
maize of the region as its target crop. Firstly, we used Landsat to obtain maize (Zea mays) planting area in the study area, and
used it as the basic data for estimating the total maize yield in the study area. The overall accuracy of maize area classification
was 93.2%, with R? of 0.951 2. By considering the influence of latitude and altitude on temperature, in the study, we used the
coKriging method in crop growth model meteorological data interpolation acquisition, so as to improve the precision of input
parameters of the model. The result showed that the average standard error of minimum temperature of coKriging method was
0.31 'C, while that of the Kriging method was 1.51 C. The average standard error of maximum temperature of coKriging
method was 0.30 ‘C, while that of the Kriging method was 1.14 “C. In the study, leaf area index (LAI) and evapotranspiration
(ET) were used as assimilative remote sensing data sources, and we proposed a novel method to adjust the LAI product of
MODIS to make it closer to actual value. By optimizing maize irrigation and crop emergence date, we obtained spatial
distribution result of maize yield of the study area of 2013. The monitoring result was compared with the statistical data. The
R? reached 0.939 4, with RMSE of 148 065 t, and MAE of 114 335 t. Moreover, the correlation coefficient of predicted yield
and statistical yield reached 0.724 5, with RMSE of 598.5 kg/hm?, and MAE of 531.5 kg/ hm?. The study result showed that,
using SWAP model, taking meteorological data spatial interpolation results obtained by using coKriging method as input data
and assimilation of LAI and ET remote sensing, can effectively conduct corn yield remote sensing monitoring of the study
region, which provided reference for the remote sensing monitoring and forecast of crop growth and productivity of the region.

Keywords: crops; remote sensing; models; corn; leaf area index (LAI); evapotranspiration; coKriging; assimilation; SWAP
model



