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Multi-band Richards Model and Its Data Fitting Analysis
ZHANG Yue, PENG Yuanyuan, YANG Zhichun
School of Mathematical Sciences, Chongqing Normal University, Chongqing 401331, China

Abstract: Objective In the process of infectious disease transmission, it tends to go through repeated infections with
multiple transmission peaks. Based on this characteristic, a multi—band Richards model was proposed to numerically
simulate the number of infected people of infectious diseases. Methods The multi-band Richards model was used in
conjunction with the least squares method to fit the cumulative infection cases in the Western Pacific region. Estimated
values of parameters including infection rate, inflection point, and final number of infections were obtained, and
convergence was evaluated to determine the number of bands and the inflection dates for each band in the spread of the
disease. Results The results showed that the infectious disease outbreak in the Western Pacific region from January 4th,
2020 to September 13th, 2020 was divided into 3 bands, with the inflection points on March 15th and July 4th separating
the three bands. The basic reproduction number obtained from the first band was about 8.53, indicating a strong
transmission capacity of the disease. Conclusion With the help of the multi-band Richards model, the infection of multi-
band infectious diseases can be effectively fitted, and the key turning points of infectious diseases in multistage outbreaks
can be identified, as well as the scale of infections in the coming period can be predicted, which can provide a reference
for the development of preventive and control measures for infectious diseases.
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Fig. 1 Daily cumulative confirmed cases in the Western
Pacific region from January 4, 2020 to September 13, 2020
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Table 1 Parameter estimation for the first band of epidemic outbreaks in the Western Pacific Region from January 4 to March 15, 2020

B M a r L, K K(95%CI) N
1/04-2/03 0.141 4 1.080 7 32.078 51 320. 370 (22 515-80 126) 17 358
1/04-2/13 0.003 2 25.804 5 39. 853 133 612. 054 (-43 930-311 150) 60 091
1/04-2/23 1.1329 0.204 2 37.791 82 882. 575 (78 019-87 746) 77 976
1/04-3/04 0.851 4 0.234 9 37.433 84 734. 234 (82 888-86 581) 86 278
1/04-3/14 0.385 3 0.389 9 36. 632 89 082. 162 (87 626-90 539) 90 693
1/04-3/15 0.357 7 0.412 3 36. 567 89 365. 037 (87 946-90 784) 91 054
1/04-3/16 0.329 0 0.439'5 36.497 89 659. 588 (88 272-91 047) 91 580
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Table 2 Parameter estimation for the second band of epidemic outbreaks in the Western Pacific Region from March 16, 2020 to July 4, 2020

B # a r L K K(95%CI) N
3/16-4/06 112. 607 8 0.010 4 49. 007 154 996.443 (=22 358 000 000 000-22 358 000 000 000) 112 576
3/16-4/28 92.590 4 0.011 4 50. 610 164 250. 808 (=6 039 800 000-6 040 100 000) 145 387
3/16-5/20 11.4325 0.011 4 41. 546 175 206. 805 (170 880-179 530) 169 955
3/16-6/11 2.658 6 0.0139 37.371 218 878.397 (205 780-231 980) 194 470
3/16-7/03 0.111 4 0.108 4 26.434 310 175. 427 (261 840-358 510) 219 543
3/16-7/04 0.023 6 0.476 1 25.505 319 715.279 (264 310-373 280) 221 794
3/16-17/05 0.002 3 4.674 8 26. 134 325 242. 108 (265 590-385 170) 223 915

®3 BARTEREREHRRBEE = KRS AT (2020-07-05—2020-09-13)
Table 3 Parameter estimation for the third band of epidemic outbreaks in the Western Pacific Region from July 5, 2020 to September 13, 2020

2 1 a r , K K (95%CI) N
7/05-7/18 262.789 0.0100 37.144 329 524.782  (—13 891 000 000 000—13 891 000 000 000) 256 788
7/05-8/01 85. 816 0.0120 46. 015 400 117.627 (=52 906 000 000 000-52 906 000 000 000) 312 771
7/05-8/15 115.236 0.015 1 46.214 438 891. 908 (=115 290 000 000-115 290 000 000) 403 399
7/05-8/29 32.107 0.015 4 48.457 489 826. 181 (433 970-545 680) 482 583
7/05-9/13 10. 545 0.0155 48.224 549 720. 017 (532 560-566 880) 546 552
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Fig. 2 Fitted curve for cumulative cases in the Western Pacific
from January 4, 2020 to September 13, 2020
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