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A Method to Solve the Stochastic Differential Equation
for SIR type Pandemic Analysis

YosHTHIRO MAKIT! and HiDEO HIROSE'?

Nowadays, infectious disease spread has become one of the serious issues. We
can remind SARS in 2003, new-type influenza in 2009, and foot-and-mouth
disease in 2010. If we can predict the disease spread and prepare to that, we
may avoid disasters or reduce damages. In this paper, we propose a method to
solve the stochastic differential equation for SIR type pandemic analysis. Using
this method, we can provide the reliability to predicted values.
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F(t; K, p,0,08) = K[l —|—exp(—a‘u>} (2)
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0000S(t),I(t),R(t) 000 t+000000000 susceptibledD O 0 0 O infected 00 0
O0O0OremovedD 00 0O0O0OOSOO0O0O0OO0O0O0OODOOOOOOOOOIOOOOOOO
SO0000000000000000U0L00 ROUOUUDOLOUULOUULUODLDUODLOUODO
Jo0doooooooooogooooooooooooogoogo oo ogoo
gooooooooooooooooooooogggoooooooosoooooon
B,000000000000000000300000000O0D0000 N=S4+I1+R
00000000000 NOOODoOOoooboooao
gooooooooooboobooooooooooooooooooooooooooboa
00o00o0o0o0o0oooooooooo4oococoooogogo toboboo g,yOOCOOOO
t—1)—S(t t) — t—1
pey = S D =50 S(t))l(tf“, A1) = BO B Ig)( ) (4)
go0oooooooobo0oooo0oooooooooooooooooooooooooo
go0ooo0ooooooooooboo0ooo0ooooooooooobooooooobooooo
000o000o00oo0oo0o0oo0oo0o0oo00ooO00oob00oo00 ROOOULOUOOLUOUIODOO
doooooboooobOoooobobOoooobbOoboooo sooo NOIRO

S(t)

cumulative

I(t)

day
01 SIROOOOODO
Fig.1 A Simulation Case of SIR Model
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dI, = {BS(t) + v} dt + al,dW; (6)
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Table 1 Condition for Simulation
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Fy = b(t, X;), Fa=b(t, X, + Fih+ Ga&,Vh) (10)
G =0o(t, X:), G2 =o0(t,Xn+ Fih+ G1&aVhR).
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Table 2 Results of Estimate for o

ooo 1 2 3 4 5 6 7
El&] 0.31 0.29 0.28 0.28 0.27 0.27 0.27
Via] 3.2e-3 2.0e-3 2.3e-3 2.5e-3 2.6e-3 2.7e-3 2.8e-3
E[ﬁ] 1.0e-4 5.0e-5 3.4e-5 2.7e-5 2.2e-5 1.9e-5 1.7e-5
V[,@] 6.1e-13  3.1e-12  4.6e-12 5.5e-12 6.0e-12 6.4e-12 6.6e-12

E[4] 1.0 0.50 0.33 0.24 0.18 0.15 0.12
V4] 3.7e-3 2.0e-3 1.6e-3 1.3e-3 1.1e-3 9.7e-4 8.7e-4
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Fig.2 Histogram for Estimates of Parameter o
(step: 1 day)

Histogram of Estimated alpha using 1-30th days
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Fig.4 Histogram for Estimates of Parameter o
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Fig.3 Histogram for Estimates of Parameter o
(step: 3 days)
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Fig.5 Histogram for Estimates of Parameter o
(step: 7 days)
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Fig.6 An Example for SIR Simulation
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