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A SELF-ADAPTIVE MODEL OF POPULATION
GROWTH AND ITS PARAMETER ESTIMATION

Li Xinyun Zhao Shanlun  You Zuoliang  Yu Jin
(WCollege of Population, Resources and Esvrwronments Shandong Normal University, Jinary 250014 . Ching)

Abstract This paper studies the nonlinear restrictive mechanism of population growth by ana-
lyzing the mathematical shape. Then a new mathematical model of population growth is put

forward as follow:

dr

i ra[l — (x/z.0"]

The model’s analytic solution is
2 = 2, /[1 + 2 — De 5
Te

As the nonlinear density dependence index s<Z1, s=1, s>>1 and s—>22, the model corresponds

o e A . 1955-06-04, ¥ S HCE B 1, 1996-06-01,
o WHREXEFBIRENLE.


http://www.cqvip.com

a1z + & & i# 17 &

to the Smith’s. the Logistic. the Cui-Lawson's, and the Exponential models of population
growth, respectively. The paper also puts forward a method of parameter estimation of the
model which is called directly seeking optimal parameters. When the secking steps are reduced
gradually , estimating results of parameters can approach the true optima with arbitrary accura-
cy. The applied results reveal that the new maodel is better than the Logistic model and the

Cui-Lawson’s model.

Key words: nonlinear density dependence, self-adaptive. population growth model. pa-
rameters estimation.
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Table 1 Result comparison from three models fifting to Parameclum growth data

Pararnecium cairelua FParamectum caudaum
MEEK %
¥ 5 —5 3R
Im 448 244 131 60
Logatic r 0. 8060 1. 2430 1.0572 0. B167
E. £ a 3. 8218 4. 2693 3. 7079 2. 8103
Q 8640 2366 2222 956
E 449 245 131 61
CuiLawson r 0. 7951 1. 2597 1.4Q712 0. 8135
a 3. 802% 4. 2620 3. 7114 2. 8061
Lt [ 1.010% 0. BB45 1. 0068 1. Q180
8303 2275 2191 919
Zm 455, 7191 2471787 130. 2263 59. 90586
r 16. 73777 34, 66717 0. 6524754 Q. 7803971 i
F A EN 0. 2569005 0. 02069935 6. 669564 3. 662354
5 0. 03208156 ¢, 02320821 2. 476629 1. 049338
Q 6867, 299 1518, 461 2153. 451 954. 0775
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W) B (em) #i# (m) HEm® | o = (em) % (m) HE(m?)
Age(a) DBEH Height Volume Agela) DEH Height Volume
10 0.4 0.75 0. 00004 140 22. 8 10. 75 0. 19586
20 0.7 1.55 0. 00025 150 24. 4 1i. 30 0, 24178
30 L7 2.15 0. 00162 160 25.5 11. 55 0. 26212
40 2.9 2.75 0. 00183 170 26.6 12. 15 0. 29229
50 4.8 3. 60 0. 00526 180 27.5 12. 60 0, 32013
0 6.7 4.25 0. 01194 180 28. 3 13.00 0. 34339
70 8.6 5. 60 0. 01845 200 29.2 13. 85 0. 33586
a0 10,38 6. 85 0. 03243 210 30. 3 14. 20 0. 42765
90 13.3 8. 00 0. 05442 220 31.8 14.65 0. 47937
160 15.7 8.85 0. 03402 230 30 14. 95 0. 51889
110 17.8 9,30 0. 10906 240 344 15. 20 0. 56831
120 19. 3 9.990 0. 13621 250 35.6 15.70 0. 63284
130 20.9 10. 20 0. 16201 260 30 15. 80 0. 65735
I3 FamRELMEE BRI
Table 3 Comparkson of model fitting to the growth data of Plarycledus orientalis
2.5 4 MEE® . - - s REFHH Q
Growth smount Model
7% (e ) Logiscic # B C. 248064 34, 96368 1. 851915 52. 50876
DBH AR 24.12111 37. 89933 0.5477977  0.C06243915 20. 32885
HEH Logistic #t £t C. 2247118 15. 48668 L. 5097100 9, 441745
(m) L g 1] 10.32164 16. 48569 0. 8221592 0, 0140273 4.435172
HEC Logistic 5 0.2142601 0. 8271976 001081717 0. 009667852
(m®) Foola 3. 642659 1. 251044 0. 001843502  0.02502607 0. 004424948
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