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ET SWAP-IES IR X F/NZKEMERH
éﬁ}}%%ﬁ 1’2’3, T—K 1’27 %’J‘*E//)%i\ 1’2, 5'{ Z 1,23%

(1. TERFELARSAKF TR, 817500215 2. 75 [BEE B X ER KB EKE SR E, 48117500215
3. TERMEER RN GRS IR AT, 4211 750002)

OB BT INEEE R EY LS AR R A B R E A I, X Tk RS v E LA B S A R AR
MR XFNEKBR R R FEICEE R, Z5F 5 R SWAP (soil-water-atmosphere-plant) #5875 F1iE A 52 & 718 83 55
1% (iterative ensemble smoother, I1ES), M T & & F X H/NEM SWAP-IES FIHHL RS, FFIH 2019—2020 £ H
(AR 06 B s, VAL T FEIALH T AR FE 4 (leaf area index, LAD. +3#/K% (soil water content, SW) M IHH A FIX
FNFZEKBEAE =R . S5 RRW, MET RS R, ERIK 6 IR 3K MR, I 3K
UK R* N 0.48 #2715 0.87. [k LALE, /K0 it A ¥R LAT (RAEHURS B 38 feim, RPN RME I 0.35~0.62 271
#/0.76~0.96. [Ffk LAT+SW I, % 4353 A=t ML RS B 2 e e, R A RIALIK) 0.40~0.67 427151 0.73~0.96. %
FEK Gy M iE AL B (T4~T5) F, AXIFEI4G LAT B RTSE BRI B4 7= ROR, FHXTRZEN 4.05%~9.17%, [T AE B2 B H B2 7K
WAL EE (TI~T3) R, AERK B 5 R LA AT SW, FIXHRZE N 3.87%~8.38%. 1€ HIANHK 15 I (1 30
DHE S HE T SWAP-TES R G0 2 BE /R ek, (R I WRC A6 3R 3R 15 391 LAT+SW A0 50305 i) 45722 9 R® W] TG [+
1611 0.45 323 0.79. BEIARTAI Y SWAP-IES FIMLAEIL R SE, TERMN TF A6 BRI 4 77 3 45 S da A 0 I 00 25488 /= e
HRBIEA EK b T FNEEKF SRR, nVERRE T REXFENZFERNREE RS %,

XKERIA: A, i, 3%, SWAP-IES A% IR, DX, ARKER, 24N
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TR G HE R X P A 5 X )N A
B, ERIRAERAANAEHMPRE R, AR
PRRR B 22 A EE B H AR R, AT A SR A b AR K 4
e K dERHXS AN KB B HATIRN, £IE
VR (R B it T /N2 R 4 ) B R

BTk FELE VR AR KR R A8 AR X IR R 5%
PR IR TANE PR A, € BRSO R YR
KkEHF RN, 208 HE, Mk, £k
TG EZE TR, Bl SR —BAUR & B4R SR
B, EWAN R 2 RO AR RGBS (ag-
ricultural production systems simulator, APSIM) . {E#-
IIE R IRLEE R4 (crop environment resource synthesis,
CERES). H3E-/K- K- (soil-water-atmosphere-
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plant, SWAP). {20h-FHuA= = 7 P54 (erosion-
productivity impact calculator, EPIC) . tH: 5k & 1E 4 Wt
R (world food studies, WOFOST) 242, Hrf, SWAP
BEAILE AR 2R BOR . R3E/K 12 3l (4 B B A
B, W AT R IX R AR TS o HEBL B 70, (B
droRf R A A S R I S O A A AR R X LA AN [
DI AT RO . RN, B (1 44 1% 2 R R A AR
B (PIINASE R HRE . HES) MR Big Rk —
SE BT s M A5 BB R Ak T i, A AR R O B
SREUED RS E B A BB R, £
IERE BB TT 1], SELAE K 35 10 3 468 0y 24 M U 0
Fifh, PR A B B 0 B

HAT, T ER5E R A Rk, S8k
A [7] A 3 25000 SR & R 2 I H7E  (ensemble
kalman filter, EnKF) {ERN—Fh 783 R4 7k, 2&1E
WA KABE AR A R A 7 Hb i OB Rl AR 12
FIH EnKF Hy%7E WOFOST #55 8 Hh it N 388 B3R A5 14 I T
B EUE R, /N1 R WL RE 0.06 12
FF] 04110, FEAEAL T R E EA/NEME AR RP WTELF
1E#9 0.28 $E7E] 0.651, FIF] APSIM-EnKF [Al{b A0 HE
BB AT AR R NG RS R, ARG T RAGET, NN
FERIR R IR ZE N T 8.7% %) 5 EnKF BEMEL, 354
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EE I 2R H L (iterative ensemble smoother, IES) T
LR B[R4k BT 0T WG 2, TR SR AR E 1 ) il 5%
LA s GO ] B TES S5 35 B AE R K R AR AR
hy IKSCHL BT 2 BRSSO, IS TR BRI A
SRUSL R IES Sik4h A SWAP #2242 A1k
BRGSO F R TR

B R SRE2 A, ()4 2 e OO0 B A P 3 36 A 2 5 i
BN R 2. DR R 5 R 2 T
Sentinel™, Landsat™'l, MODIS! 5 T2 5 32 J& % # 35 Ht
PIED A L HOIRSE R, EREE EGEMEE. 5%
AR RA G G ER L, KRB L5 3L, i F)
MDA B N BT A o] I . mEk, BEERS
R HLES AL S SRR B, A LRI H JE AL
b TR AL 55 3 S 6 4 2R 3 b R 2 b A R O AR
L 72 B T F e ROBE AR A K 34 R e e p 22230, R
B EIRIN T B A R, ARSI AA 7 ER E
AT AL, Rk, iR T TR AS [ A 7 45 A %L
PERIVEAS I FE, AT 2955 8 SR AR o bdh, K5
i 2T R XA AE K IG E BRI LR R 2P,
1 [FI AL R GEAE AN [F K 2 AL B R (OB URS B, XTF
B IR A A i A e Al B R S, (HAH SR
FILECATHRZ .

Rk, AW EZEGRERW R 1D R IES &k
H SWAP 7% SWAP-IES #/NE LB R 55 2)
TEAF 7K 53 RO B2 564 R PEAS R A T AR AR £, 3K 4y
JHAH AR XN KBRS =R ER, U
DRI TE AL b A AL S5 00 152 £ F e A [ ROBE TR 1
BXBENEAR K EHZATAKRN, &
FEHEE RS .

1 MREREE

1.1 HERE R HIERSE

AT 2019—2020 F4E 7 Bk T B BHE BT,
FEALE N 106°11'E, 38°10'W, ¥4 1125 m, J& $17RfY)
KEEHET BT 2510, R4, Bk dH 245G
EEFMKE, LFFHATE, ERUK, Z2H V%
FVE 198.19 mm, ZH P2 KE 1186.73 mm, IR
HoONED I, BHE TR EN 1.45 g/em’, P HAFFK
N 24.38%.

BERF N E RN TR 555, AEKE RN R,
PLAR J o SR E K B R (TS),  BA 450 m*/hm?® 93 U8
BEEE R E 5 MK, S BEE KRB Tk, B
AEKENZE 1. PMXK 10m. % 6 m. M 60 m*, &
ANEEE 3 IRER, FF 15 AN AINERERT NS,
KA REGL K, R EE 50 cm. JEAEEENE (ND
195 kg/hm*. ® (P,05) 120 kg/hm’. 4 (K,0) 60
kg/hm?, i 30% ZUIEFI 70% W0 AEIE i, ) 42770 7F
BIAS BT AN E SR HHBE AKGE B, LAt R 4R 2 OR R
gﬁo

R BAEEKER

Table 1 Irrigation quota of each treatment m’-hm >
EE AH W
Date Growth period i T 3 T4 15
04-09—04-28 Wi 150 225 225 300 375
. 150 225 225 375 375
-20—(5- 5
04-29—05-23 P 150 225 300 375 450
05-24—06-01 R HhfEiA 225 300 375 375 450

o 225 300 375 450 525
00— 06 _EE A H

06-02—06-23  FRIEHERM 500 300 450 450 525

06-24—07-10  FLEA-HHIH 150 225 300 375 450

K7t Total 1350 1800 2250 2700 3150

PRGSO 1 B CLFE DL R 43

1D RIEE K FEREAS/N X AR B A B R HE A 55 AT
W—H TDR L3R MEE, fE/NEEE BN 10d
W — X IFEE K, LEERII 100 em IR BEHZ R 20 cm
Y, IEE S 2, BEKRHT R AR .

2) PR AEY R RIS RIS S, AN EE
HLES: 10 BRNZ2, MWHbREZAK T, BFaiizi
W5 A S e, MEAE R E 105 °C A7 30 min 5, E
80 C RJE FHERE R, FIH IR FREE, e
YRR EE I E —IR.

3) AR A LAIL-2 200 #8472 0 (LI-
COR, (BED Wz, fENEHNEEM, EHEBIHRS
1) 16:00—18:00 T GllEE, A INXE 3 REUEATAME.

4) PEE fENERB, FANXBEPLEE A 1 m?
WIRETT, BYHRE T BT 2R [ SL0G %, HERRRIN
&, SEGICFIME, HERE AW E.

5) KB HHE: A MC-QX /N 4 3b 4 30 min
H 3l sk — e X i R R 7k, B KHES . R
. 2m EENE. BN HATRESE.

1.2 SWAP #=EI R H/INEEMBH

SWAP B2 17 22 BLAR T MR K 5 1 R 10— FhoK 70 B
IR, B 1978 FRALIK, ST AW A8,
L 2 N AR A B Al e R, RILKX
A SR, MASHEEAFBEALS N, HESHL
EMBHE. % T HMET P T RIX N I SWAP
MR S HURAE 2 BT I 25 3, BB 5 AME
MSEAENF R R PR IERI S E0. HoAh BUZ M A X
BARM S HOE I W R B BRI B S5 il N 50K
R e, BAESHEENE 2.

2019—2020 4 {17 HH [a] 15 36 W0 i 4 — 77 0 FH -1 5k
[N R G AE AR K o S A N HERf 1, 3 — 7
T FH T2 SWAP A5 28 b B0 AH X R (1) B At 24
YEN SWAP-IES R R4 H R X H/NEZHIEARGE .
IR AR i 2 e I SRR E Y S 50 T R

1) FFAE 3 s (AR (TSUMAM) = Fll <R
HHE AU P I 4 S A AR IR A T AR R 2) H
WA R (TDWD 78 H B I OB B FR 5 =0 5
3) HTE SR T AR S B (LAIEMD : 76 H 7 B 58 A
TN AR B TR RS 2] 4) HembmA (SLAD:
e AR WA AR R R R S
K CO, [FIAGEERR: 38 I e R A & 3 B h 28 1
HARE 6 MEAEEH B KA EE (RGRLAD :
I 44 BAn T A f e SO AR T AR
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Table 2 Parameter values and sources of the main basic crops of spring wheat in the SWAP model
75 e ER S E A SKIR
Serial number Parameter name Definition Value Source

1 TSUMAM FEAE B R AFRR/°C 912.35 FH [ 5120
2 TDWI W A4 (kg'hm ™) 185.6 FH ] St
3 LAIEM HEI R RE S (mPm™) 0.141 FH [ 5120
4 SLA e A/ (hm* kg™ 2.1x107 FH &) Sz 0
5 AMAX0 I 8K CO, FLE/(kg-hm >h ™) 45 i) Sz
6 AMAXI FFAERS K CO, 6%/ (kg-hm *h ™) 45 FH ] St
7 AMAX2 LA IR K CO, AL/ (kg-hm >h ™) 25 FH i) Sz
8 RGRLAI TR H6 5 E A5 AR 38/ (hm®-hm ™) 6.4x107 FH i) Sz

9 CVR MRAEK R AR (kg ke ) 0.694 LRI BRI
10 CvVs A KRR (ke kg ™) 0.662 [EIEO NN
11 TBASE H BRI R IR/ C 5 LT BRI
12 Q10 RGN 10°C PR I e AH X 1 e 2 FALERIA
13 RML TH AR X 4 T P U R (kg kg ' -d ) 0.03 T ER N
14 RMO TEAF BB MG A R IR R (kg kg ' -d ) 0.01 R BRI
15 RMR ARUAR X i 45 PR 3 2R A (kg kg ™' -d 7 0.015 AL ERIA
16 RMS ZEH R R (kg kg d ) 0.015 LRI BRI
17 HLIM1 R Z AT A A3 R K (1) 387K K 38 B /em -0.1 SR [3]
18 HLIM2U L3 R R KIS 2 KN F 52 (1) 387K K 3 - BR/em -1 SR [3]
19 HLIM2 L FT L JZ AR R K AN 52 K . 7 5 ) L 387K K 3 EBR/em -1 2% 3R [3]
20 HLIM3H TE SR TR R R AK IS 32 7K 53 ol 52 0 (1) £ 387K 7K 35 T B /em -500 S iR [3]
21 HLIM3 L TEARAE TR R R AN 52 7K 53 ) 3 5 1 ) 338 7K /K 34 F BR/em -900 2R [3]
22 HLIM4 R A IR K 12338 7K #4/cm -1.6x10* S 3L [3]

T HEESE, BiBX 0~100 cm HIES N 3 2,
48K F1 S HORYE SZ ) IR ZH RS . T2 B KK )

FRAE M 26 %85, R RETC (retention curve program for
unsaturated soils) AFILE1F3], HAASHEE WL 3.

*3 REXTRRELIRKISH

Table 3 Hydraulic parameters of soil at different depths in the experimental area

VR BRE kA HIFE K (GRS HEAUR B 1 i 2R R 2L
Depth/em Residual water Saturated water content Saturated hydraulic Reciprocal of air-entry Water content shape factor
content 6,/(cm’-cm ™) 0/(cm*cm™) conductivity K,/(cm-d") value a/cm™' n 2
0~30 0.052 0.398 58.6 0.051 1.67 0.5
>30~60 0.048 0.414 62.5 0.046 1.73 0.5
>60~100 0.056 0.376 57.9 0.055 1.54 0.5

1.3 SWAP-IES E{LiEIN R %

DL LATL #1 SW ARG I A &, FIH IES $ds[F
EVE, AR SWAP #EA [ et UK S 5L, BT
PN RN R 2, B AR TA B TS SR (B 1) o

IES 535 & — Fh ag [R] B 1 B A 00 0 £ 4 11 i 22 7Y
B R 72, LR AL TE AR SR IR T 5 56 M 25 5 5 oK HR
PR T, ERAFERES TS E-RE 1 U
PAs R, RS E S, RS
AN 5Hi 2 B R R URR A

dy,=F(m)+e¢ (1
X d,, REME R, FRIEFERY, mERnsH
M, ¢ ARFEIIMERN 0 V7 28 Cy=Elexe'] ALI%
ZE. AJE IES A LAy LU JUAS P BRIt -

F—2 NS AR r=tE N, MEARR )

RS M

M = [m?,...,m?\,e] 2
L EARRRIERIKT, FTHRRBHEATS . mPhSH
B MREARIGIE, md NSHEE N, MEART IR .

BB I (=12, WKIERF, AeETARZI
Ji S EAE, SEREA M AT URIER (3) SERE

RGHR RS U B

v

SWAPHT B2
L 2

FULAT SEZINLAL

BLISW FSW

TR IE S IES

R ILF R K
ISR E B
e slobritk

i LAL MRS SW o3Ik

Note: LAI is the leaf area index; SW is the soil water content.

B1 LR K-RAMDER - ZKRESTHS
FIAGAR L 2 S R A2 B
Fig.1 Flow chart of soil-water-atmosphere- plant(SWAP)-iterative

ensemble smoother(IES) data assimilation system
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M =BM° +(1 - B)M' - B,Cy, G (Cp+G,CyGT)"
X [F(M") = d,p — G(M' — M°)] 3

b g NABERSKOSE, CrAM (AMY) (NA1)
RESEWLK 2, HAEBEAN SRS PR,
AM® ForGiE M SHERNmZE, G NETHEETY
(BB RE B

F=ob: HELR T, HPARIES Fs USSR .
1.4 HBEEMUESR

SI I A AR /IN 2 SRR I AR AR B BRI AN B o
R A EY A KA R R M E Y AR KRR (P S R = .
BRI, A SCH S BURR 1) 5 /M5 2 0OR SR AIE AR 0 1) & ol
FEVEAS S, R H A58 20 P4l SWAP-IES R4 77
it 8% 300 3 R VAT MR 5 4SS T AR AR A SR S ) S B U S 8L
SEHAEDIAC N S AERA B . AR T SWAP A5 A UK
P4 T 45 2728, 1% 4% TSUMEA. CVO. SPAN. EFF.
CVL 5 N RBBURIEM Z BRI IES L, AR
ik [30-31] K sl B3 2R R ES ) e g s B R
FR, Wik 4 Fiw.

*4 HRESHHNAEHERETE

Table 4 The priori mean and value range of the parameters to be

P HRIRE (Swpmse) FIFHFTRZE (Spe) ZEFE b5 AL
SERATIRAN, Ho R I 1, Spuse M1 Spe BN EOR
B FUAE FEHE, Swrmse=<10% T~ F5 E R &, 10%<
Snrmise <20% TR FRE L, 20% < Syrmse <30% 7 H1 45
HIRE, Swewss™>30 % Tk BAE™,

x5 RUEUBERRE

Table 5 Assimilation simulation scenario settings

58 HNAE Hix
Scenario Fusion variables Target

1 & AN R LI K53 A U sk 2
2 LAI (&EFHD [Al1E LAT PR

3 SW (&AFD Itk SW IR R

4 LAI+SW (&4 FHHD [E4k LAT+SW B85
5 LAI+SW (D

6 LAI+SW (5D

7 LAI+SW (Z#H)

8 LAI+SW CFRE8D LU B 3% () A ASE AL

9 LAI+SW R il

10 LAI+SW (ERESHD

11 LAI+SW R i+ e 8D

12 LAI+SW BT+ ZAF i+ TR 1E )

Fo6 FAELEERRERHERTHRESHNE
Table 6 The values of parameters to be corrected under different
assimilation scenarios of different treatments

Efy ghmm R bR FREZR

At Parameters to be corrected
Year Treatments Assimilation index

TSUMEA SPAN EFF CVL CVO

corrected
= s » L J_
fii T s TR ER
L Priori Lower Upper
Abbreviations Model parameter . .
value limit limit
TSUMEA HERITTAE AR °C 1100 150 1200
Ao B FA AR
CvVO o 0.7 0.45 0.85
Ikgkg )
SPAN M e 2 8ud 40 17 50
L s sl &
EFF 0.45 0 0.5

Mkg-hm h 7 m2s 7
CVL R L (kg kg ™) 0.7 06 076

AVIEET R2ARMEDES (5. Bl
ASEME LI EARE AR AR I 230 S e AR g AT A4,
a2y s 3 MES4MEH TArA 6 KWIEHE, H
SV AT W HSCA [) 00 00 A% 1 % G 2 56 [ 4 & SR ) s
o5 S~1E 5 12 %A E W nlds i s, FH R PEAS
N0 B B %oF ] e &5 SR S . AL PR R s AR KT
W ERABR, (FYSHTRERENSHEI RS
FEAR[F AL B R R RS . I O ) 7K 4338 5 V6
R 1 m, IR E 7 ) R T B HON 50 NS, B
A 2 em, BRSNS KKV GE A 5 — BN
—100 cm, bFRAZMRNKRADS, NAFRFME B
KiL %, 2% TSUMEA. CVO. SPAN. EFF. CVL 7£
FEAL I FEF L 0.04. 0.08. 0.10. 0.24. 0.08 NJ5 Z=H Rk
JAEE S . H T2 FEL ) LAL AT SW 2800 AR &4
K FH R0 P S 00, R R s i g 75 O 00 A = 4l DA
0.10 1 0.01 RT7 ZFHATHEN, AR NEFEAES. 1
1~ 155 4 FEBRY o [R] A0 U 508 5 Ak 15 21 AN
TE M S HUE W 6.

1.5 1&HUEEITENIER
K UE ZE (R . B RARE (Spuse) ~ Wi

LAI 117447 3291 056 071 0.71
- SW 1180.05 33.39 0.51 072 0.73
LA+SW 117421 33.07 056 0.72 0.71

Te AL 119523 3372 0.51 0.72 0.73

LAI 1181.64 3540 0.57 072 0.73

- SW 117523 33.65 052 0.72 0.73
LA+SW 1176.47 3545 056 0.73 0.73

TR 118848 3378 0.51 0.72 0.73

LAI 118258 3476 0.62 0.72 0.75

019 3 SW 1162.15 3329 051 072 0.73
LA+SW 118222 3485 0.62 0.73 0.73

Ak 119347 33.75 051 0.72 0.73

LAI 1184.09 32,60 051 0.74 0.75

4 SW 1179.61 3338 0.52 072 0.72
LA+SW 1183.97 3266 0.50 0.74 0.75

Te AL 118042 3376 0.51 0.72 0.73

LAI 119415 34.86 047 075 0.77

s SW 1179.07 33.66 0.51 0.71 0.72
LA+SW 1194.12 3486 047 0.77 0.75

TR 118237 3378 0.51 0.72 0.73

LAI 1207.87 3426 036 075 0.79

1 SW 1189.15 3348 0.52 0.72 0.73
LA+SW 1208.04 34.17 036 0.76 0.79

Ak 1197.47 33.77 051 0.72 0.73

LAI 1215.67 35.68 045 0.76 0.80

- SW 1179.04 33.55 0.50 0.71 0.72
LA+SW 1215.66 3555 045 0.77 0.78

Ttk 117436 33.77 051 0.72 0.73

LAI 121374 3252 039 077 0.8l

SW 1179.61 33.70 0.53 0.72 0.73

2020 e LA+SW 1213.19 3216 039 0.76 0.80
TR 117743 3379 0.52 0.72 0.73

LAI 121681 33.69 0.53 0.79 0.81

T4 SW 1179.57 33.83 0.53 0.72 0.72
LA+SW 1210.48 33.55 033 080 0.79

Ak 110842 33.80 0.52 0.72 0.73

LAI 122143 3421 053 083 085

s SW 121682 3421 039 083 085
LA+SW 1229.03 34.12 033 085 0.80

TRtk 1181.47 33.81 052 0.72 0.73
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2 HER55H

2.1 EMEARREWMNEE S5t H1EK S ERIR R0

2 24 SWAP-IES % 4t [7] 4k A~ [7) Wl 2% 52 % 2019
F12020 4E T1~T5 AbHE H 3K BERLIK FZI . AN [FABAT
A U0 e e, A TR St - 4 K o B UL AR R R (RP=
0.48, Spuse=0.058 cm’/em’,  Syrmsr=43.35%) o 7] 4k ML ]
A f, AT LK A PRI B R S DL RS RS
Ho L LAT IR R?=0.73, Sewse=0.043 cm’/cm’,
Snrmse=29.26%, NHEEREE . AL LAI+SW B, X} 135
IR BIRLAUE FE R R4k LAY A Firde i, AEAT9 SR N h 264
JE (Sarmse=>20%) o X [F 4L SW I SWAP-IES & 4t 5t -+
HEK AL RS fe 7, R7=0.87, Spas=0.029 cm’/em’,
Sarmse=19.08%, FRILAEAGE . X U B [F A L3 K 73 7]
T2 SWAP-TES R Gt LI /K 4 IBLIURE BE, AJE
PHHERA B ED K 73 BRI 8 R 55 B A
R>=0.73

51 Sewse=0.043 cm*-cm?
Sxrmse=29.26%

R=0.48

0.5 [ Spase=0.058 cm?-cm 3

Snrmse=43.35%
o

o

o
N
o
N

@ %,
%

o3

0.3
0.2
0.1

o
o

0.0

0.1 02 03 04 05
U {E Simulated value/(cm®-cm™)

0.1 02 03 04 05
40 Simulated value/(cm?-cm™)

SE{ Measured value/(cm®-cm™)
SEE Measured value/(cm?-cm ™)

a. Ll b. [FALH TSR 2
a. Open loop b. Assimilated LAI
05 R>=0.78 0.5 R*=0.87

Semse=0.042 cm?-em™
0.4 S\rnse=26.27%

Semse=0.029 cm?-em ™
0.4+ Surusr=19.08%

0.3
0.2
0.1 0.1

0.0 L2

SEIIE Measured value/(cm®-cm™)
S Measured value/(cm?-cm )

N Vs
0 01 02 03 04 05
T {E Simulated value/(cm*-cm™)

d. [FfE 3Ky
d. Assimilated SW

0.1 02 03 04 05
T Simulated value/(cm® cm™)

c. Ak AR R i K 4y
c. Assimilated LAI+SW

s Spuse MYITIRIRE; Swrmse IARHERI T HRIEZE
Note: Spyse 18 the root mean square error;Sypyse 1S the standard root mean square
error.

B2 FMLA R R E xR AEB Fh (2019—2020)
Fig.2 Effects of assimilation of different observation variables on
soil moisture simulation ( 2019—2020)

2.2 FALERMEAENN L X4 KR FFME IR R2 0
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Fig.3 Simulation of wheat growth indicators by assimilating different observation variables in the SWAP-IES system (T1 in 2019)
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%7 SWAP-IES ARG EMLA BN ExtEF NEEKIBFFEIR R Srmise T Sxrwmise
Table 7 R, Sxruse and Syrvse Values of simulating spring wheat growth index by using SWAP-IES system to assimilate different
observation variables

- o LT T B AEET T T B UK 73 ERL
] P H Z) . Assimilated LAI Assimilated SW Assimilated LAI+SW Open loop
Year Indexes for simulation Treatments > > > >
R SRMSE SNRMSE/% R SRMSE SNRMSE R SRMSE SNRMSE R SRMSE SNRMSE
T2 0.94 0.29 8.54 0.72 0.38 19.47 0.91 0.21 15.62 0.61 0.68 29.36
LAI T3 0.92 0.27 16.48 0.75 0.54 25.36 0.88 0.37 12.31 0.56 0.65 24.39
T4 0.94 0.22 9.47 0.78 0.47 26.49 0.85 0.39 16.88 0.62 0.79 32.47
T5 0.96 0.34 7.66 0.65 0.51 22.37 0.81 0.44 11.47 0.54 0.81 29.55
T2 0.88 2.80 449 0.81 430 1047 0.91 3.80 3.73 0.46 5.90 25.64
2019 . T3 0.91 2.70 325 0.79 530 13.61 0.94 4.20 4.28 0.52 6.40 23.47
B T4 0.96 3.30 5.68 0.83 6.20 12.58 0.89 5.10 3.94 0.61 7.30 19.81
T5 0.95 2.30 744 0.73 590 11.49 0.94 3.50 5.66 0.55 7.90 24.45
T2 0.84 662.00 16.57 0.77 819.00 20.47 0.92 384.00 6.52 0.52  1533.00 25.46
- T3 0.87 701.00 11.55 0.82 823.00 16.57 0.84 534.00 8.91 0.67 1788.00 28.66
A T4 091 644.00 10.68 0.78 789.00 14.59 0.89 488.00 9.36 0.58 1289.00 32.16
T5 0.96 782.00 6.88 0.74 952.00 17.36 0.81 655.00 11.62 0.62 1592.00 29.57
T1 0.78 0.46 15.88  0.60 0.62 25.12 0.83 0.45 17.48 0.51 0.63 28.97
T2 0.76 0.48 8.84 0.53 0.47 21.67 0.80 0.37 16.02 0.46 0.88 32.36
LAI T3 0.84 0.44 19.38 0.56 0.69 27.96 0.77 0.56 14.41 0.52 0.83 26.29
T4 0.83 0.37 10.87 0.76 0.64 27.69 0.78 0.42 9.38 0.48 0.96 34.37
T5 0.90 0.43 8.56 0.49 0.65 24.77 0.61 0.59 13.77 0.35 0.91 32.05
T1 0.94 2.74 6.31 0.70 6.10 12.56 0.89 2.29 5.87 0.53 7.93 23.94
T2 0.86 2.83 6.49 0.76 439 12.77 0.76 3.90 6.63 0.31 591 28.44
2020 e T3 0.88 2.74 4.85 0.62 533 17.21 0.92 4.30 8.78 0.40 6.45 23.87
T4 0.86 3.33 6.98 0.67 6.28 15.68 0.71 5.16 10.84 0.60 7.37 22.01
T5 0.88 2.39 9.24 0.57 591 12.49 0.74 3.57 8.56 0.47 7.99 26.95
T1 0.78  823.00 1453 0.76 1134.00 19.84 0.87 607.00 11.74 0.57 1750.00 30.62
T2 0.80  732.00 18.47 0.63 949.00 22.67 0.85 454.00 7.92 0.40 1673.00 26.56
last7//h=x T3 0.83  761.00 13.55 0.76 843.00 17.77 0.83 694.00 9.31 0.63 1808.00 29.86
T4 0.77  844.00 13.78 0.59 869.00 16.59 0.75 578.00 11.06 0.50 1479.00 33.06
T5 0.82  932.00 9.38 0.70 1062.00 19.36 0.73 705.00 14.02 0.54 1752.00 31.77
VE: AT AL it R DI BILT Spsr AL 05 nm 2 om  kghm % Swguree B0 %
Note: The units of Spyse simulated for LAI, plant height, and biomass are m?m 2, cm and kg-hmfz, respectively; The unit of Sypysg i %.
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Fig.4 Yield estimation effect of assimilating different observation variable (2019—2020 )
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Fig.5 Impacts of assimilating data of growth period on the yield estimation accuracy of the SWAP-IES system
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Numerical simulation of spring wheat growth and yield in arid areas
based on SWAP-IES

JIN Jianxin'*?, DING Yimin'?, SUN Zhenyuan'?, ZHU Lei"**

(1. School of Civil and Hydraulic Engineering, Ningxia University, Yinchuan 750021, China; 2. Key Laboratory of the Internet of Water
and Digital Water Governance of the Yellow River, Ningxia University, Yinchuan 750021, China; 3. Institute of Agricultural Resources and
Environment, Ningxia Academy of Agricultural and Forestry Sciences, Yinchuan 750002, China)

Abstract: Field scale crop growth simulation based on the assimilation of observation data and crop growth models is an
important method for optimizing field management, agricultural auxiliary decision-making, and crop growth evaluation, which
is of great significance for precise management of farmland. In order to construct a numerical model that can accurately
simulate the growth and yield of spring wheat in arid areas, this study combined the SWAP (soil water atmosphere plant) model
with the IES (iterative ensemble smoother) algorithm to construct a SWAP-IES assimilation simulation system suitable for
simulating spring wheat growth in arid areas. Using field test data from 2019 to 2020, the roles of soil water content (SW), leaf
area index (LAI), and soil water combination in simulating the growth and yield of spring wheat in arid areas were evaluated,
and the impact of assimilation data observation on the yield estimation accuracy of the SWAP-IES system was analyzed and
evaluated. The results indicate that: 1) When only assimilating SW, the SWAP-IES system had the highest accuracy in
simulating soil moisture (R’=0.87), indicating that assimilating soil moisture can lay the foundation for accurately simulating
water stress conditions, evapotranspiration, etc. 2) When there was no assimilation, the R* of the SWAP-IES system for
simulating LAI, plant height, and biomass of spring wheat ranged from 0.31 to 0.67, and all treatments were below medium
accuracy. The accuracy of LAI simulation for spring wheat was significantly improved when assimilating LAI (R* between
0.76 and 0.96 for each treatment), while LAI+SW had the highest simulation accuracy for spring wheat biomass (R” between
0.73 and 0.92 for each treatment). There was no obvious pattern in plant height, and the simulation of plant height by
assimilating LAI and LAI+SW achieved high accuracy (R’ ranging from 0.71 to 0.96). Thus, it was necessary to select
appropriate observation variables for assimilation simulation based on the research purpose. 3) The accuracy of the SWAP-IES
system in predicting spring wheat yield without assimilation was relatively low, with R* of 0.45 and Sg;; ranging from 10.89%
to 40.34%. The yield estimation had improved when assimilating SW, but the results were still of medium accuracy. The
accuracy of yield estimation significantly was improved when assimilating LAI (R* was 0.79), while the overall accuracy of
spring wheat yield simulation is the highest when assimilating LAI+SW (R* was 0.87). During the two years, T1, T2, and T3
treatments have the lowest estimated Sgz when assimilating LAI+SW (Sgg ranging from 3.87% to 8.38%), while T4 and T5
treatments had the lowest estimated Sz; when assimilating LAI (all within 10%). 4) The effect of assimilating LAI+SW at
flowering stage in single growth period observation data on improving the yield estimation accuracy of SWAP-IES system was
the greatest (R” increased from 0.45 without assimilation to 0.74), followed by assimilating observation data at jointing stage
and booting stage. Assimilating observation data from multiple growth stages can significantly improve the accuracy of the
model's yield estimation. When assimilating LAI+SW observation data from jointing and flowering stages, the estimated yield
R* was 0.79, while when assimilating LAI+SW observation data from jointing, booting, and flowering stages, the estimated
yield R* reached 0.83. The SWAP-IES assimilation simulation system constructed in this study can effectively simulate the
growth and yield formation process of spring wheat under different water conditions by integrating LAI+SW observation data
of key growth stages such as flowering and jointing stages, especially under water stress conditions. The results can provide
valuable information for using observation equipment such as drones and ground cameras to carry out spring wheat growth
monitoring, yield estimation, and precise management under different water management conditions in arid areas.

Keywords: models; stress; soils ; SWAP-IES system; data assimilation; spring wheat; growth simulation; yield estimation
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