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Estimation for parameters of Jensen model using free search algorithm
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Abstract: Using the least square method to estimate the parameters of the model of crop response to water (MCRW) may pres
ent some problems such as unreasonable parameters, unsatisfying simulation accuracy, and inestimable parameter due to insufft
cient irrigation experimental treatments. T o solve these problems, Free Search (FS) was used to estimate the parameters of
Jensen model in this paper. The position vector of each exploratory step of the individual animal of FS was taken as a set of po
tential solutions of the parameter, and a set of optimal parameters w as estimated based on the animal group migration of the F'S
algorithm. Three case studies showed that the FS algorithm can calibrate directly the parameters of Jensen model without corr
verting the model. F'S can also effectively avoid unreasonable phenomenon such as a negative parameter or a parameter greater

than 1, and improve the simulation accuracy of the Jensen model. W hen it is difficult to adopt the linear regression method, 'S
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algorithm can be used to estimate the parameters of M CRW.
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Tab.1 Evapotranspiration and yield of maize at Bameng Water Science Institute of Inner Mongolia
. A H W B A& K 78 i/ mm Fei/ (kg hni?)
D B M M R W Gk S SO 4] e BB S I Jensen BURHCR]
00Y1 105. 1 120. 4 129.6 107. 4 8829.5 8 829.5 8829.5
00Y2 73.7 119.3 78.3 78.4 7817.7 7 840.0 7825.4
00Y3 27.17 94.0 70. 4 113.9 7611.9 7 597.8 7561.0
00Y4 85.6 102. 8 89.5 101.0 8017.4 8 025.1 8034.6
00Y5 88.0 56. 1 77.1 113.8 7555.7 7 568.7 7579.2
00Y6 99.3 118. 4 65.6 69. 1 7 649.7 7 489.5 7 499. 6
00Y7 89.3 117.5 44.0 75.3 6735.3 6 763.0 6815.7
00Y8 95.3 127.0 74. 4 71.2 7 644.6 7 747.8 7748. 8
00Y9 86.6 127.6 73.7 50.9 7771.7 7 785.0 7732.1
2 Jensen

Tab.2 Jensen model parameters of maize and residual sum of squares at Bameng Water Science Institute of Inner Mongolia

Jensen 1 S5

e 2 U WA R SSE
L VN W\ 1~ dely k- WEK HES— YR
SCHR 4] - 0.0098 0. 0302 0.2536 - 0.0182 38 182.8
FS &3¢ 0. 0001 0. 0376 0.2387 0. 0002 44918.2
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BN HRE P KR R K ST e
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3

ARV T HFRE 7K o0 A 77 o BOA B 0F 7T, JF 52
TIKGEIRAS L 264 T BRI 07K A 7 R e A st
TR R HE WL BE R 7795 o 12Ut FE 00 BT R0 Ab 2
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Tab.3 Evapotranspiration and yield of rice at T anghai A gricultural Science Institute of Hebei province

s A H W BAE R AN B/ mm P/ (kge hm?)
7y BE R AR HIAETT 16 FL SEI SCHR[ 5] Jensen BEAYRLILL  FS 3 Jensen B
1 90.9 174.0 163.2 126.5 11175.0 12 268.0 12 205. 8
2 82.8 168.2 158.4 124.2 11 191.5 11533.3 11 446.0
3 71.3 150. 8 148. 8 121.9 10482.0 10053. 1 9917.2
4 112.7 171.1 156.0 121.9 10 185.0 12 250.3 12 193.2
5 112.7 150. 8 148. 8 119.6 9867.0 11 026. 1 10 928. 4
6 110. 4 127.6 141.6 117.3 10 168. 5 9645. 1 9 508.9
7 115.0 182.7 139.2 124.2 11 622.0 11 850.5 11 746.3
8 115.0 188.5 124.8 117.3 9732.0 11 085.8 10 953.3
9 112.7 176.9 110. 4 115.0 9672.0 9775.0 9 594.3
10 110. 4 188.5 163.2 101.2 13 249.5 12 836.6 12 875.7
11 110. 4 188.5 163.2 92.0 12 571.5 12 620.9 12 684.9
12 110. 4 185.6 163.2 73.6 11494.5 12 026.3 12 140.9
13 80.5 124.7 134.4 108. 1 8182.5 8480.9 8 327.2
14 112.7 147.9 105. 6 103.5 8 869.5 8430.7 8 247.6
15 115.0 188.5 122. 4 69.0 10041.0 9956. 1 9 939.6
16 89.7 133.4 88. 8 92.0 7176.0 6611.8 6 406.3
17 112.7 171.1 115.2 59.8 8206.5 8§792.3 8 761.7
18 112.7 185.9 160. 8 112.7 12910.5 12910.5 12 910.5
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MR 4 7 LLFE H, FS R EM Jensen S N
T, 53CHER 5] 0 2 H08 A A 58 4 — 3, R I
I BRI SR K, FLOR ORI A AN 7 BE I,
NN FLFA, B SSE LEICERT 51 98/ 2. 2% o BRI
FOKE FEHEE A PR, (H 2 LARBHAE LT Jensen LA 2
BN, o3 AR S5 1 e A [l U R R A A PR AIG JR

PRI LB, TR A F'S 2 5E MR P /K 731l
JozA R 2 K, T UASRTH K 23w AR RS UG L o

4 Jensen

Tab.4 Jensen model parameters and residual sum of squares at

Tanghai Agricultural Science Institute of Hebei province
SRl Jensen FE T 25
WO ge ozl WEOFE R

SSE

SCHR[S]  0.2092  0.5538 0.6763  0.1778 10679968. 9
FSZE 0.218  0.5733 0.7222  0.1566 10442972.5
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HE— ORI, I EXS B 752 18 AN Ak
7K 73 A2 BR B U6 8 R AR R TN O, 2B AT
J&, B2 HE 3 Y RN /b F5 2L 54 TG EGR 2
A5, 38 AR AMER X FEA e 260, Hilsa sk AN A
Fo IISAE BB N T A BB, SR 2tk [l )93

METF Al T AP 7K 53 W B AR 23

SN SR R A Ok FE b B A XK AR =
SN, FVHAFS S51E BRI AE IR 2 B AP XK Fa
WA B0 SR WUAT A58 BT 1 9E MR X KAE K 4y
AFEREL ZRBHEET 6 MEBM, Rt TS
STHEAEPY (1) 7 A0 A B, 45 A B 2% R 28 1 o % 77
BEYIEE B 5. BRI A HE B b A B B
B H 2 1, {0 Y R ELZRE 8] VA 7 155K fRE 7K 43 i
A T2 Bk, Gn SR ok AR 2k R ek v Ty
SOH ) of A RO 0T 28 25 B AR R R
BB B8 0, U RE6 AbFE 2 H 5 2R B BB [,
T 420 3 ) 4R 1 [ UH 5 v SR AR AR S 8. R
FS 258 [ Jensen BB B 451 % 5, BRI S Ho0) L
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5
Tab.5 Evapotranspiration and yield of rice at Qingan Irrigation Experimental Station of H eilongjiang province
e AHM B AR E/ mm e/ (kg* hm?)
RE JrEERT  YEETR PEEE &t EiliEe S SCHRL 6] Jensen BRI FS #5E Jensen TR
Al 18. 64 26.79 16. 63 42.29 267. 49 73.79 8 532.7 8229.8 8 121.6
A2 10. 33 39.99 35.36 50. 15 128. 54 111.81 9 747.1 10012.2 9 149.9
A3 12.33 98.00 46. 42 42.84 110.12  65.33 9 484.4 9418.7 9 095.0
A4 46. 98 22. 84 43.35 15. 82 209. 78 41.38 7 535.5 7713.9 7978.9
A5 67.40 24.13 14. 40 60. 43 178. 55 103.65 7 604.6 7725.5 8 353.8
A6 56. 40 28. 30 72.55 25.33 112. 85 73.30 9 078.7 8834.2 8 956.4
CK 74. 86 129.97 74. 38 87.12 295. 17 113.23 10 220.6 10 220. 6 10 220. 6
6 Jensen

Tab. 6 Jensen model parameters and residual sum of squares at Qingan Irrigation Experimental Station of Heilon gjiang province

Jensen 1R 4]

SRR — SSE
R 73 BERT JrBEh 7 BESE L&t g
SCHR 6] - 0. 0666 0. 0530 0. 1055 - 0.0526 0. 0453 0. 2360 272 566.5
FS #5E 0. 0001 0. 0445 0. 0687 0. 0085 0. 0009 0. 1175 1 450 144.9
MR 6 FTLAE i, 5 3CHR[6] MILL, FS 2 5E 3

Jensen R BUREAURG 245 BT T B, SSE KMEHE K, X
AIRE A AL B H B> AR AR E B B B R
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By A, WK BI/NHE P oyt B> 23 BEdh > 4y
BERT> JrBEJa> V> R, 5 R B Y 1)
RS bR B Ak A — B, HLAT RAAT 20 SR AL 2R
AEBL R B AEPIK 43 0 AR B 2 4, T SCERT 1Y
Jensen BRI T BIANBY BE S B N AUE A S
LR . T U I, SR 2 Dy 1 B AE
IO AL AL A E B AT e RIS A ERE AR D
LA [IVATT 225K R0 0T AR W07K 73w SRS Y 2 8

e 146 ¢+ 5 ok KR Mk
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