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2!, kgAY, BERY, AFER ', MEFE', wmAEL !
(1. VEIERMEBM K2 R RN K - TREBE SR AR S, %k 7121005 2. FEEX AT, % 712100)

W OE. AT EYE A ORI SRR 3 S HOR B E ) AR KR R K AR . TR AR S R 0BT (R ER
B, XEESHAFA T EERRE, R 2 S 500 CUE T ST 3ReS . US4 (sensitivity analysis, SA) 7] DL ALK
TV NS BOC B A ()52, 8 TR H UM K I S AT 28 8, TR BB/ S B0k [ (8, P LAARK
fitb SHCE B R, e TAERCR RS RIS B . 24 T 4 DSSAT-CROPGRO-Cotton 574 [ FH F 57 5 1 X 34T M 1€ HEE
TR LA IR LA R IR R S5, P IZ BN EAT T BURAE 73 B RO AN 58 P 20 AT o SO 97 BBA T T IR R AR K HH ke ¢
B, N Morris 5 A R AH B 0w B B A 56 (extend Fourier amplitude sensitivity test, EFAST ) ik %}
DSSAT-CROPGRO-Cotton #5713 AN #E /K 4b B (60%ETc+ 80%ETc Al 100%ETc, ETc 4 1EM) % & 75 & crop
evapotranspiration) F 6 MMHHER (WL RE. BRI Fi-m. s BT, SRR fe oz k Z& 155D
XTSRRI IS B AT BURE /BT, JEECEST 2 Bl EE ARG R, i bt EFAST 2 1% Hh 45 AT A 58 2 Wt o
AR HTEE R BIR, ST LR s K T AR 4L, Morris vAF1 BFAST VEAHKEEAF 0.87~0.93, S FAsAd g
R EL KPR = BRI R 28R, 2 BTSN ENT 0.66~0.81. BURNE D HT ARG B T 45 R B, MR R
IRALIERTYIE R B R 25, BRI R EOR R AR B S Bt TR — % . A S5 Uk R +
JETIAE: 0T RERE, >40~80 cm TIESHBURIE R B X BT R RS R G R, >80~120 cm 11
SRR R, XN R T X AR5, T2 LK e R B E A AR 2 BK A i E AR, T
M A A KR B RS R A I it o R A &5 SRR DK I T AR 8 RN 28 e 2K W B AE AT — B R B Al o ST 4R
CROPGRO-Cotton #H7r ghkih [X RIS UL R4 RIS L o

KR BURMESHT, THZMENSHT; #EBE; CROPGRO-Cotton #27%!; Morris i%; EFAST %
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1M1 (uncertainty analysis, UA) %] TR ee S

4 A A AR UL A TR 3 e S B R AR 1 2R Kk
ISP/ A= N TSN - AE § <95 i1 s W 0 SUN S YN E NS 2
BRSO RIEB SO — AR, i v
SERTFHOFIAT AL, O E R A K /IR,
AR B E T B A BRI R B Rk,
FR IR [ 2% SCAN W] T G 1) SEEA T - B S iR B e A i 4L,
DRI AR 1 & SRS T G FF) 2 SR AN s PR AN 1k
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(probability distribution functions, PDFs) [/ 5 VK AR
e e, BBUBE S M (sensitivity analysis, SA) AJ DU
W= N (SEECHE RS D X TR
RS, R AR RS 2R S) Tk AN DR 35 AR e e 0. ) o
PP SA ATV LI 1) MRS,
XL S Hn] LA 0 A [ R AR, 2D SEIaAR K
S, AR B NV SO 2, 3) B
AP, BIAS 502 50 i FE R iz 5 1 3 S 405,
MR RS g tH 25 R — K, BBURR R 2 A 48 SR AR 2 52 1 A 455 A
FH ) R AR e, b, gt ISR AL PEAE
RUMIRERE TR E S o PRI, A0 N RS 8 i AT S8R 3 A
Xof TR 23 H A i A 52 S E ),

WAk, MRS EURE 7B L8 O TE YR AL T
FUI— AR A, [ A A AS 2D 25 SR F 20 P Rk v 4y
Bro7vkxt EPIC B0 DSSAT #i/l (i RS E1EY
CERES FiRM IR BHEY) CROPGRO FiALP) |
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ALMANAC #3017 AquaCrop 1 77, APSIM #1018
WOFOST £ HIF1 RZWQM A5 P02V AT T ik
ME o M FAS W 2 AT 90 M o AE B 6 OR [ E B R R
DSSAT-CROPGRO-Cotton £ %4 ¢ LI '~ fijf &
CROPGRO-Cotton A7) HEAT 4 Jay BURAE 7 A RUAN o
PEISHT IO 0 R L 3R

P, ABFFCLARRAE A, AT 7 o X 4
T RN [FE MR R R A, SR Morris 1ERY
JE AR L i U R 5670 (extended fourier amplitude
sensitivity test, EFAST) % CROPGRO-Cotton 57! H1[¥]
TEMI RS H. LIRS EO AL B I KA
My E TR S K AR BORN 28 e 25 M L AT
TRURE > HTs K EFAST k4t 45 FHA T A 52 2 b7 s
T VPGB AN R BRI B R RS gs R e — 7
T 4 B 8L 58X, CROPGRO-Cotton A5 L il 5 £ Ak
FRALAMA RIS HL, ) — D7 TR o B S E ik o Uy
SO R AR S HE

1 #MRE7A%

1.1 HERE

TR A 23 BT B A T 4D T ) 5040 SR 1 2012 4F 1 2013
ST g AR BB 2 Bt T AR I R 6 S 12 AT I R W it A A
5 o % W5 AT T A F T BE A (44°18'52"N
85°58'50"E) , J& Ty KRk vET K. A5 E kA
THMTFRE)R FERGu %R (Bl 51356) , 2a &
KR R 9 11.1~37.7 F19~36.9°C, A%<
233 H—0.5~24.2 F1-3.2~25.6°C, “FHXHE 5K 1.49
M 1.56 m/s, 35 H RS20 10.8 F1110.6 h, PER &
ara 62 A1 123 mm, gAML, KICHERLS)
NTFAERIEHE. KX 0~40 cm T30,
>40~120 cm 3 FhE 1 o I TAIREE R ST 33k SR o AL A
X, MREM BB RER 33 5, FRRLEEERN 21 Ik, 2a
R HIASH0 s A1 HAT4 A 27 H.

12 DX 3 SR FH S T AEIRE, WEOKIRIBRZ14 10 d,
R BT 2217 12 M X 22 41 LUK T 25 & B 22 (AR A
7&E 18 (crop evapotranspiration, ET¢) Ml vk, WE 3
MREKE KT 60% ETe (W) + 80% ETc (W) + 100%
ETc (W3) , HEKIAIREIS R 10 d, 82 B HE G R . 78
K& R ETe w5 R,

ETc=EpKcp (D
Kep= KpKe @))

K Ep i F H/KTH 28K 2, mm; 78 KH AN 20 cm
ZARIL (ADM7 B SEMERAS ;s Kp HZERILRE: Kol
VEMRE Kep NWFBAEA AL BB B 28 R IL-AEY) R4
A SR, 23 EL 0.15 G+ 0.4 CHLED L 0.7
Fed) 025 (WD, iz e R kA =
HOh T I A K, R RIN A TR REK, N
AZH X IR, SRS HE T AR, #E/KIRFE R 10d
KA, THIAE 0.15 B, AREEAKACT (W) nlRES ke
FEAEEE KR, RS R AL EE, R AT
FPW Kep T 0.2, BERIAR (3) PHxf28k ik

AEp =0.4P, /[Kcp—0.8P, (3

A AEp A AVFZEKE, mm; P, ABFWE, mm. 75
FEVEE AT FE PR I (1) V2SR B, WHRAT PR R A,
W% 2850 (3) X BEE () e vF 28 R R T 1B 1EP . whoE
LEE 3 M, TR R, AR 3 K
H . SAEREK HWIAE, 496 AVITTSREEK, 8 H
N EEARHEK, WEKIER 2 URHEZK IR B K T 2
2 (1) ~ 3) IWHEAEERE, 25, 2aM34NME
FEKR K250 291, 368, 445 1267, 329. 392 mm.
FLAAHE e A LA B 1 ) BT 200 L SCR 23]
1.2 CROPGRO-Cotton f&ZYE 1}

CROPGRO-Cotton 147 it DSSAT-CROPGRO # 41)
B 1 A TR REY, CROPGRO % 41| £t B J& 75
SOYGRO(Soybean grow) 2 (R G A KAR Y ) JEf |-
KR, I E LR T DSSAT #4F41 7 . CROPGRO
RYNBIY R SAEY) AR G MR AT, F 2SR
T, A%, B KA R, I
LT 4 D BEOK . IR, TIERAA
AR, RIERIRA—AE, OEETNEAN
TR . A G T BT e I B A R A T i 1
T HAS S, FE s AR . PR S R
B Y — KA S ] E A R R A
251, T PRSI AT SR A B A A AR, MR
e WAL HEARFOVED TR B A HL AR A

CROPGRO ZRAHIAT 3 MEREMAK .. KEHM
PERSHE: R, RSB RS HEER, RS
BT X e s R, ASHSHH TR — R0 8
Bl T AR S EONE S . — RS, R
ZHO T BUBR T R B OCE L .
1.3 REMASHEHEER

AHFFEIT 14 DMHRAESFHSHR 19 A TIESHL,
SR G 2% T SCHR[25-30]. BBURE 2 ik 56 A
TN 3R, B RN, 2. 3ENFET,
JEELREEY N 40 emo AL HH 25 RONWIAE R B oA
iR s, Mo BTy SR AR SO 28 R K
o AARMASHIUEEF L 1,
1.4 BUEMDHAE
1.4.1 Morris i

Morris J2: N BLICRUN (elementary effects) J77PY,
TG A TR N DR B T B A AR v P AR TR
GINTs T IRRER U I R RS BEPY . Morris 77
REBEAEAR/INIIREAR AT, X 43 S E00) 4 H 45 R 5%
W, E0HG: JCREM BT 2 2k R 2R M R i
HEASHA AR, MO RAE 1 RS
i 2 ASH g5 R RN A Z S EU ek
Nod, HAFEAN:

d(x, > x,,A)=

Y% X A X X ) = (X, X ) (4

A
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X ) MR, X, . x h EANSECER, A NS
B, FAEN V- DRSS, p A EERAT S T
SR I RGN SRR TR 4
LERE () FIRRHEZE (o), i) RIS ET) B A
BRI, o N RIESH AR LR S50 R 38 ELAE D,

#& 1 CROPGRO-Cotton #EELELRLE S 44y N FNH H S5
Table 1 Sensitivity analysis input and output parameters of
CROPGRO-Cotton

Ffly 2 i

Parameter . Lower Upper
types Name Description limit  Limit
EMFL  HEEWIHEMIN M (C)-d) 28 43
VIAEIRBISS 1 AL
FESH snteya) oo
WIHEHZIEE 1 KPR AR
FESD st eya) 2z
B0 KPR AR B AR )
SDPM bl ©rd) 38 50
FIAE A BT P45 1 1R e 2
FLLF ©d) 60 90
P BAEAME T RO S
Azt MM e, tleotiy 0T
S,Pec“t’s SLAVR  LLm- B (cm’g ") 90 250
mpu
pararﬂeters SIZLF  #urtfifl/em’ 170 230

B H 43 FC 45 M B2 40 5 1
KL
WTPSD  f5 R EKF R /g 0.18 03

SFDUR RT3 R R(C)d) 31 38

XFRT 0.5 0.9

SDPDV  IEWHAAF P TR 27 30
L ‘/\ - Elgg A\ﬁ b (554
PODUR ﬁ%ﬂ/@fa; B AR T R 5 10
THRSH  FFF S SR IR/ % 75 80
SALB  #hiR R = 0.1 0.35
SLUl I k# Kit/em 5 12
SLDR  #/KELZ 0 1
SLRO  f&ii h&k 3k 65 95
SLLL1 351 bz &k 0.066  0.133
A SDULI %’ I )Aii%ﬂﬂ EIES/\s 0.194 0293
# SSAT1 %512 T EKE 0.348  0.499
Soilinput  SSKSI 45 12 FIMIAFAKK/(cmh") 2 15
parameters

SBDMI1 45 1 B+ HEAARRL 35 3 /(g-om™) 1.14 165
SLLL2,3 #8511, 12tk 0.156 0218
SDUL2,3 #5112 445 )k 0282 0374
SSAT2,3 HEII. T2 HHEMAIE KR 0417 05
SSKS2,3  #I1. MIZ A /KR(emh) 0.3 2
SBDM2,3 11 IIZHEAR#E (gem™)  1.24 1.5
ADAS  HIfe R¥ud

MDAS K H/d

YIELD  ¥FHi/=4t/(kg-hm™?)

CWAM b b T4)5 i/ (kg-hm™)

LAIX S kMBS (cm*cm™)

ET 7&K SE/mm

i Output

1.4.2 ¥ RAFZ -t EaR AN %

T PR A LIl P AU MRS 96 75PY (extended  Fourier
amplitude sensitivity test, EFAST) J2 Saltelli 2545 & i B
I P AR R B (FAST) PYIFT Sobol's JEP#4L 4
P —Fh I T 07 220 R T BUR I S B 7k B AR A
T 07 ZE (UM A BT 7 VAN, BFAST V22 ph df JL AR

BRAT R S ORI i 22 75 2
KN SRS EAN AR5 AR S5 R 105 22,
HAt 5P 0h

k
VIN=DV+ D, ViV, (5
i=1

XA YWHITESE BT 2 Y NS k AS
A VRS i NSETT 2 VRS i S EHE
VEF B IS 25 B0 7 23 Vi N ITAT S50 BAE BT S |
AL IR H 4 SR T 22
V. =V[EY|x)] 6)

L, E(Yx) 5 T e 280 x I Y Y 3R .
HRYE 5 ZE00 7 25 R — I UK RS (S AR BURE 2L
(ST » Mt PN,

s = )
V()
sp=OT, (3)
V()

A VRS | NS ELSMI T S8 T %

AN, IS A1 R0 R AU 2R FREAS ] HE 7K Ak
HRY) EFAST 225 BRI 25 0 4 A T AN 52 1 23 HT o
1.5 (EBFEHIFNRT L

A H] Simlab BKPECT S0 2 K0 A R Be v 45 5y
B, ATH CHEFIINE S9'E DSSAT #®AFMiES T A
SEHLVE DAY () DSSAT b AL HERN S Fl 80 £ 2 1) 145
BN AW Morris J7 % LHEE 2040 Yk, H o
5 2 a 15 3 MGEE, REANGERHAEIRECH 340 (r(k+1)) 5
EFAST J7 5 36AE 99000 1%, b fads 2.a % 3 MbH,
RS F R EN 16500V-k), Hid =10, k=33,
N=500, 7y Morris JEE R IR, k ASEAEL
N 2}y EFAST J7iE I E S IR E . A8 i e R 2 A5 90RO 4y
B 7 PR AG 56 Morris 75 RN EFAST J7 2 $uisUgevt Hi
P (RAH AR BE o
1.6 MEMBSHZE

TERE E KN, AEREKRTG 2 d WAERRAS/MX A
rh BRI 3 AN B S AEECE (0~120 em)
10 em B 13K, SRABCTE, e 130K 5y, 4 40 cm B
SPRE e LUK 2 AR A A % /N X ) T AR K
(%) » 2012 F12013 &M 16 K, HHPAMEE R 15
SR EIKEE, 5 SEIME S AU R 22 A8 T AR
%25 (root mean square error, RMSE) , 154500

D=(S,-0)/0, €))

(100

o HABAEARI E J77% I SCHR[23]

2 HR5HH

2.1 Morris FESURMENTLER
Morris J7VEXTWIE R, BEAKRE. Kk . H
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TR d KT AR HIOR 75 O 2 R R AU A 2y
Pras R U2 2. WETHHE, w*EBARR SN S B
BRURREIEN, o (BN R WIS B A HA T sl A 2k
PRV 58 . ABTICERIA ZHL 1 1T (¥ average)
HURRR M BIE, B 050 gerage I NS U
H T YL S HU A EMFL,  HIHABS 0

B2 0, ] DU R RIK 43 A R 0 TR AR5, A
SEAERBAUNI AR BOGERIAFAEA T o 500 AR )
Z¥+, EMFL. FLSD. SDPM Al SLDR [{ x* 1 o 215
THAMSE, HEAERT 4 7. ULHIZIREIEL R 3
LA B BUROGHIN ], T HEK B FR AR A 2 5 - K
SN RE AR AL, BEITEERE AR

F2 ET Morris AZERREEKCE TR AMAN DRSS ZMEEREZMHAR

Table 2 Morris sensitivity analysis rankings of cultivar and soil texture parameters for each output response under different irrigation

treatments
o TR FER i HE T KT TR
Par; meters Mature day Seed cotton yield Above ground dry mass Maximum leaf area index Evapotranspiration
W1 W2 W3 W1 W2 W3 W1 W2 W3 W1 W2 W3 W1 W2 W3
EMFL 1 1 1 2 2 5 - 2 2 3 8 - 7
FLSH - 6 3 3 - - 8 - - -
FLSD 3 7 5 2 11 9 7 - - - - -
SDPM 2 3 3 - - 10 - - - - -
FLLF - - - - - - - - 7 - - -
LFMAX - - - 11 8 4 4 3 3 4 4 4 - - -
SLAVR - - - 12 12 10 7 7 8 1 1 1 - - -
SIZLF - - - - - - - - - - - 9 - - -
XFRT - - - 1 1 1 9 10 11 5 3 2 - - -
WTPSD - - - - - - 6 - - -
THRSH - - - - - 12 - - - - - - - -
SLDR 4 4 4 3 4 6 1 1 1 3 5 5 5 5 4
SLLLI - - - 5 7 11 3 4 5 9 - 4 4 5
SDULL1 8 10 8 8 6 - 7 7 6
SLLL2 10 11 13 6 6 9 7 2 3 2
SDUL2 - - - 13 - - 10 11 12 - - 6 6 8
SLLL3 - - - 9 9 9 5 5 4 8 7 3 2 3
SDUL3 4 6 8 2 2 2 6 6 1 1 1

FEe BRI 105505 erage B HP), xRS B TCRNC T I, 1% average W RSG5 4 B H TR WL W2 FI W3 23 5I7R 60% ETc. 80% ETc

F1100% ETco Fldlo

Note: Parameters with u*>p* yerage are present[m, ¥ is the average of element effect, 11*4yerage 18 average of all x* under same output response; W1, W2 and W3 means

60% ETc, 80% ETc and 100% ETy, respectively. The same as below.

KR = S UBPE TR, B H 2SRRI T
JRE R (XFRT) (1) wr i Ko AL, HEKALFE XS
ZHHFE W EEW (€ 2) , Flin, FLSD. &
N RO S A (LFMAX)BERE K B8 0, HE 44328
P, BURTERE G . Hoh FLSD %02 vk @ MR 4K
KiEU 24, Z BB EF R 2, e,
IRy 7 i 2 5 WA R R B ) 3 n, BE T s e R, M
LFMAX ZRRBIEER NS5, K0 Wi 0
T, MRAEARAMEA B O G HAR, BIt 2I KA #X 2
NS H AR /K A # 5 AU SLDR . SLLL1.SLLL2.SDUL3
BEFE K 380, HEAL B WRAR, BUSTEAESS . THRSH X
FE R KA B R UK, SDUL2 ANAE{R/KACHE R gk 454
3 WLUEH, FEKEBE AL SRR, [F—
AR FR A A R R IS KRR, X AT B AN R E R A
PR A K)Z IR K BE ) 22 7 K.

TP UK BT R, S HCTHEK
(SLDR) [ w*f K, UL R R B UK e R
Wt bR R RS e SDUL3, i BHE
2 AR RE e T E T R R . RUE AR
[FE /KA FE N, LFMAX. SLLL1 F1 SLLL3 #4442
S, (HIJHEAERT S 7. MbAh, FLSD BlFEKSEIE N, Hif
W T, 1 XFRT F1 SDUL2 b /K& 0, HE4& 5w
BRIk, DL B O B4 0 i i BUR Pk 56 i = 1A
L. SDPM AXAE /K AL R U, X e TR RS

KA L KR, b BT ot b 8.

e K I TR A B UM A R W, S8R L i
L (SLAVR) [ s K, o YOk (1) B pi i A1 5 3L
T-E 2 . XFRT BEFE/KEIE N, H4 B @I m, BUK
PEAR G, IX T BE AL TR AR B T B A KB, (8 AR T
AR, R UIEA K, KA 2 BRI A B
e P S 4rh B KSR (WTPSD)  FLSH. #)
FE I B B 452 1R R G A [A] CFLLF) R B i [
(SIZLF) AXAE @K ab 3 igs, Horb, WTPSD. FLSH
AIFLLF ] fig 55 XFRT J& W] 4 FH A8 90 o i 1) FF A 7 1t
YT, AT I B TR R SR AL R B . LS R
SLLL1 A SLLL2 £ A% 7K 4k #E 4502, SLLL3 F1 SDUL3
PEAR KR K BB, Ui WA HE K AN R B, fE/K e ) A2
B o T R AR ) 2 SR

TIESHE AR EE RN F RN R, 456K 3 7
DIEH, &2 DIESKEAEA R, KA
H 0~40 cm THK A BHME M ZER K, ~FEIRZE 18%LA
I+, RMSE t7£ 0.04 LL_I-o S50 45 2 109 25 5 /K BRI
R KR4 iU %, Herp SDUL3 1) p*fi#c K, SLLL2
F1SLLL3. SLLL1 A SLDR {EANAJHE/KALEE FSAT 2 5+
EHEAE S 2~5 7, I LIRALKRE AN RS g &
I BRI R K . EMFL S 80UE AN R RE KA FEA T
BURS AR SE 0], WHER R TS ECE 7k
BORHL,  HEmRg s> 74 G 28 R 4G .
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*3 FEKLETIESKEEMESTNEX L
Table 3 Comparison of measured and simulated value of soil
water content for different irrigation treatments

o LRAE B i | OIR
Treatment Soil Simulation Measurement Deviation/% R
depth/cm  value/% value /% RMSE %
0~40 18.1 21.5 -18.8 53
Wi >40~80 21.8 253 —-16.1 39
>80~120 23.7 26.2 -10.5 2.8
0~40 19.5 23.1 —-18.5 4.4
w2 >40~80 233 26.5 -13.7 32
>80~120 25.4 274 -7.9 2.4
0~40 20.5 242 —-18.0 4.1
W3 >40~80 252 27.7 -9.9 3.1
>80~120 26.3 28.1 -6.8 2.2

T AR K R O B S A K AR B AR R B 340 X (Morris
2 K FEIME.

Note: Simulation of soil water content in the table was to correspond to the measured soil
moisture content of average of the sampling frequency of 340 times base on Morris method.

2.2 EFAST BN TER

EFAST J7 15X W) 46 R BUBUSE 25 R B CEodl R
I . A EMFL X HIAE R HUBUR M 2 2, X2 i
FA D HRAE S Bl O & 4 1 5 RO B B &R, AR
REAEL I 2 L8 B 0 FF AR B s, WA S R K A B R —
M SRR B/ 0.96 oAy, EBUBHREIS N 1, #ekx)
WIAE REL) % S B0l AT S ZVEHE 4 o EFAST J7 556 Ak
BORH Kk &, dh B, SR T AR R AL
RFE I A6 R PE A BT 4 SR LR 40 X B R 3L
TR T 2 B HE K S8 i G 0, AR K Ak BRA AT
6 MBURSHL, 1 KR K40 A 15 AT 18 A,
A HUK ) 3 N2 % (EMFL. FLSD 1 SDPM) &
Morris % 45 B A0 [A]

4 ET EFAST AZMAEEKAET @i LIRS HE R MEEREZMHA

Table 4 EFAST sensitivity analysis rankings of cultivar and soil texture parameters for each output response under different irrigation

treatments
5% A TREL FER= i o BT R SR AR AR
Par; meters Mature day Seed cotton yield Above ground dry mass Maximum leaf area index Evapotranspiration
1 W2 W3 W1 W2 W3 W1 W2 W3 W1 w2 W3 Wi W2 W3
EMFL 1 1 1 4 6 8 - - 8 2 2 2 - - 11
FLSH - - 17 8 3 3 - - - - - - -
FLSD 2 2 3 15 4 2 5 - - - 12 11 3
SDPM 3 3 2 - 22 18 - - 12
FLLF - - - 17 13 11 - - - -
LFMAX - - - 12 10 5 4 3 2 5 5 -
SLAVR - - 7 19 17 14 - 12 1 1 1
SIZLF 5 14 13 - 25 22 - - 4 3 4
XFRT - 13 - 1 1 1 8 9 11 - 4 3 - -
WTPSD - - - - - - 11 11 - - - - 11 12
SDPDV - 8 - 6 7 10 -
PODUR - - 12 13 20 26
THRSH - - 15 9 12 9
SALB - - 16 - - -
SLU1 - 6 11 - 21 13 - -
SLDR - - - 2 2 6 1 1 1 3 6 5 4
SLRO - 9 - - - - - - -
SLLL1 - - - 5 8 16 5 5 7 4 3 5
SDULL1 - 11 - 14 14 20 7 7 6 8 7 9
SSATI1 - - - - 24 21 - -
SSKS1 - - 6 - - - - - -
SBDM1 - - 8 20 19 19 - -
SLLL2 - 4 - 16 16 15 6 6 9 3 4 6
SDUL2 - - 5 7 11 12 - 7 8 10
SSAT2 4 12 4 10 9 4 10 10 13 5 6 7
SSKS2 - 15 18 18 15 17 - -
SBDM2 6 7 14 - - 27 - 9 9 8
SLLL3 - 5 10 11 18 23 3 4 4 - 2 2 2
SDUL3 - - - 3 5 7 2 2 3 6 1 1 1
SSAT3 - - 9 - - 25 - -
SSKS3 - 10 - - - 28 - - - - - - - - -
SBDM3 - - - 21 23 24 9 8 10 - - - 10 10 13

oL R R P e UK 1) 2 BB K 1 v g, e
KK K AE K20 504 21, 25 A1 27 5%k, 1 Morris
AR, XFRT AR S UK S8, SRR 2L
K. BEREKER I, HELEHBEEM L ESHH
SDUL3. SLLLI. SDUL2. SLLL3 1% 3 | +i#AE
(SBDM3) , W WAEKp G, HIEMUKEET 2R
W = AU B S, R TS AR R
(o TREREKEIGIN, HEA B A PS50 IEH
S R AR T KRS (SDPDV) S 4& M R i

KRB AER T IR) (PODUR) #1 EMFL, i SDPDV
ARER T HERLIE It REXT K 435 W N, i 7K 45 il
25 i MR AE3E T3, PODUR IF & R BuX — I S5,

M EMFL S 50{EAR /K A 38 AU nT fig A T4 i 2T
e BB, S R EWAE LK), AR I 4
Je HEN TP B K A IR A, T 7 2 52 B

BERE KN, Hef iz @I m 240 FLSD. LFMAX,
SLAVR. SSAT2, ' FLSD Al LEMAX 5 Morris J%:4f]
[, AFFEA; SLAVR Z&@mi mmfRf 24, Wix
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AL IK 53 70 2 I BRI ABUR T et T R385 2 JZOK A AE
EE NI, Y SSAT2 /N ] BESL MR RiFES
Pk, 1 PR ED

) Morris VMR, SLDR Sl b T4 5 S bUs )
24, HoE LEMAX, HAR b K =3 & i
Ab, K )2 MU ZE S K E (SLLL) FlH [A] #5 /K &
(SDUL) b Hh#se ik

T KT AR S S EFAST EMBURS AL 5
A, Morris ¥/ 2~4 MUK SHL, Hoh 5 Morris 14£4H
81, SLAVR F1 EMFL /& 5 MUK 1 S5

Frimi/KAb 3 FLSD 2800k, 2R ZEM RN HBUK S
FE NS, Hh SDUL3 F1 SLLL3 [# i fuskds 5
HEERT 2 £, 456K 3 WLUEH, HIEKATE& 2817
TEARIFEEEARA,, B THAEAEE G, A7 2 280Ky
WA, 2 3 2 LIEMLKEE ) A& s 2R 25 1 511
TR %, s, SDUL2. SLLL2 Al SSKS2 HE44 BlE K
IR, YL KT, 5 2 J2 IEMFRK
e fAEH S, 1fj SLDR A1 FLSD HE44 B /K & 14 00 i
FhiE, A AT R AUKER N, HoK R EZEES
F#A%: 10 FLSD & 52 v R AU 2S5, (EFE/K SR
FEAREA KIS, BEEE A I, 2Bk 7%
btz 380 .
2.3 BWFAEITLE

S8 RO HIAE R BN, Morris 3281 EFAST 14 fg
3 EMFL S0 Uz 4, HIASHI A UK (R
4) o PRSI A R U S EE A R, S g
Sk dee R AR FE B Morris VUK S BB E S T
EFAST %, 1fixf TR /=2, b T

it Bz JR 52 2 M 5 5 10 Morris 1281 EFAST VAU E 7y
Frimh 2 8 ORBRE. Frf/~&. h B TYRE. &
KT AR TR BN 28 R 28D IS HEATH D R
(K5, Hhgh R A b4 o f s K AR Fa £,
PR T IS R D M B R (r=0.87 )0 11T T LY 45 TR Ay AR
K. AR RBERERKAR BN, PRI AN A,
INREMERE 66%~81%MNSEAHCME. T Morris VA7EHL
FEREL L EL EFAST 5/ 40 £24%, 450N BEXFFRR =
ARSI R I, EFAST USSR £, W
R RRMEI TV

& 5 Morris #1 EFAST U MR A EMAS IR REER

HEXRE

Table 5 Spearman ranking correlations between corresponding
input parameters used in Morris and EFAST global sensitivity

analysis
- i F KT SN
JRCE " o " Fad
. BommeR TR R
b PN . R
X Seed cotton Above Maximum
Treatment  Maturity . Evapotrans-

yield ground dry  leaf area .

day . piration
mass index

Wi 0.73" 0.70" 0.877 0.93” 0.66"
w2 0.66" 0.817 0917 0917 0.67"
W3 0.66" 0.73" 0.93" 0.89" 0.74"

Ee Tk e K P<0.01.
Note: ““means P<0.01 of #test.

2.4 FHRBEMED

AN T A IR, BB RAS [RIE K AL B )
TERBBAATTH (£ 6) , TMsillZi R L], W1 it
L W2 FT W3 WL R A ERT 2d, W3 bR, HIHEREL
) 95% EA5 X [A AT 46~69 d, {ERHUIERE - HidE
7E52~62d (K 1a) , LHEUCRILLE 1700 IKELE.

% 6 ET EFAST AR KL IB Y HE R E LS

Table 6 Uncertainty analysis statistics for different irrigation treatments as determined from EFAST global sensitivity analysis

95%EMEX M N 95% & 5 X A LR

LR ERP Ab SEME SREOA (] FRUEZE
. 95% confidence 95% confidence .
Output response Treatment Measurement value Medium value . .. . ... Standard deviation
interval lower limit _interval upper limit
Wi 59 57 46 69 6
WAL REL
First flower day /d w2 ol 57 46 69 6
w3 61 57 46 69 6
Wi 122 136 114 163 12
AR EL
Maturity day/d w2 129 138 115 166 13
W3 131 141 116 170 14
W1 4541 2737 531 5064 1156
b i
Seed cotton yield(/kg-hmz) w2 5605 4292 1654 6939 1348
w3 5867 5735 2987 8354 1369
Wi 11065 9031 5553 12451 1760
Ho T
Aboveground dry mass/(kg-hm?) W2 13424 11532 7858 15170 1865
W3 14910 14190 10597 17753 1825
W1 2.9 4.7 1.7 7.9 1.6
Bk By
L w2 37 5.1 1.9 8.5 1.7
Maximum leaf area index
w3 4.2 5.5 2 9.1 1.8
Wi 301 491 429 551 31
AR w2 352 553 491 613 31
Evapotranspiration/mm
w3 401 617 556 678 31
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Fig.1 Uncertainty analysis probability density distribution and cumulative distribution functions for CROPGRO-Cotton model under W3
treatment

FETRUREA 1K) Bl AR, SRR AR AR LG, KR &
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MHEFEBRUE T 95% BT X APy, R IR e Bl
AN FHEIR AT N I BCAR BB H . 1A, BRI
FCATRBCN 0 (ISRZL) N 400 A (B 1b) , HZ A
X R [FFEA 2 400 (RBLAEL =524 0, RIERZYA 400 (KA.
AL IF AR & (B 1), Ady BB 2.4%.

R TR UN R 7= e B 7 R 8 o g T v, K
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I, W] RESE K 43 7 B Al
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i T2 R &M &
3 it it
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A LR I BB AT, AR 2 RO VEAR DGk
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Sensitivity and uncertainty analysis for CROPGRO - cotton model at
different irrigation levels

Wu Lifeng*, Zhang Fucang>®*, Fan Junliang®?, Zhou Hanmi', Xing Yingying®, Qiang Shengcai*
(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas of Ministry of Education, Northwest A&F
University, Yangling 712100, China, 2. Institute of Water-saving Agriculture in Arid Areas of China, Yangling 712100, China)

Abstract: Process-based crop models use a large number of variety and soil parameters to simulate dynamic changes of crop
growth and soil moisture. Many of the parameters are difficult to measure directly for different crop varieties or environments,
recalibrations are often needed. Determining the importance of specific parameters to the model outputs is helpful to simplify
the crop model calibrations. Sensitivity analysis (SA) can quantify the impact of input parameters on the model outputs and is
helpful for model parameterizations. This study aimed to obtain model parameters of DSSAT-CROPGRO-Cotton model for
irrigation schedule optimization of cotton in Xinjiang, China through sensitivity and uncertainty analyses. Based on the field
cotton experiments in Shihezi Region of Xinjiang Uygur autonomous region, the Morris method and extended Fourier
amplitude sensitivity test (EFAST) method were applied to analyze the sensitivity of six outputs of the CROPGRO-Cotton
model to the variety and soil parameters at three irrigation levels. The model outputs included days of initial flowering and
maturing, seed cotton yield, aboveground dry biomass, maximum leaf area index and evapotranspiration. In addition, the
correlation between the two methods was analyzed and the uncertainty analysis was conducted for the model outputs from the
EFAST method. Results showed that EFAST method was better than Morris method in sensitivity test. The Spearman rank
correlation analysis showed that the correlation coefficient was between 0.87 and 0.93 for the aboveground dry biomass and
maximum leaf area index, and between 0.66 and 0.81 for the days of maturing, seed cotton yield and evapotranspiration. The
numbers of sensitive parameters was smaller from Morris method than EFAST method, indicating that Morris method may
oversimplify sensitivity problem. Sensitivity and uncertainty analyses indicated that irrigation levels had no significant effects
on the days of initial flowering and a simplistic parameter sensitivity issue existed for simulation of the days of initial
flowering and maximum leaf area index. Soil parameters in different soil layers had different effects on the model outputs. The
days of maturing were more sensitive to the soil parameters in soil layer of 40-80 cm, but the aboveground dry biomass and
evapotranspiration were more sensitive to the soil parameters in soil layer of 80-120 cm. The maximum leaf area index and
evapotranspiration were both overestimated to a certain extent, it was necessary to make an improvement so as to enhance the
simulation accuracy before this model could be applied in Xinjiang. The most sensitive parameters for cotton mature days
simulation was time between plant emergence and flower appearance (EMFL), time between the first flower and first seed
(FLSD) and time between the first seed and physiological maturity (SDPM). The most sensitive parameters for seed cotton
yield simulation was maximum fraction of daily growth that was partitioned to seed and shell (XFRT) and the most sensitive
parameters for aboveground dry mass are drainage rate (SLDR) and field capacity in soil layer from 80 to 120 cm (SDUL3).
The most sensitive parameters for evapotranspiration simulation was SDUL3. The parameter of seed filling duration for pod
cohort at standard growth conditions (SFDUR) was not sensitive for all outputs and thus could be set as constant values.
Surface albedo (SALB), runoff curve number (SLRO) and saturated hydraulic conductivity (SSKS1) were only sensitive to
mature days. The results above would help to improve simulation efficiency and precision of CROPGRO-Cotton model in
Xinjiang region.

Key words: sensitivity analysis; uncertainty analysis; irrigation, CROPGRO-Cotton model; Morris; EFAST



