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ABSTRACT 

 

During the 18th and 19th centuries, the mortality rate in the developed countries of Europe 

and North America declined along with economic progress and industrial development. The 

birth rate began to decline somewhat later, and in the 20th century these countries experienced 

low mortality and low fertility rates to an unprecedented extent, while the growth rates of their 

populations also sharply declined. The change from “high-birth and high-death” to “high-birth 

and low-death” and then to “low-birth and low-death” is called demographic transition in 

demography. Since World War II, demographic transition has been observed even in 

developing countries. Although it was predicted that, after demographic transition, 

populations would stabilize at replacement level, some developed countries such as EU and 

East Asian countries that had undergone demographic transition saw a further decline in birth 

rate. This decline in fertility to below replacement level and the accompanying negative 

population growth rate is called the second demographic transition (Fig. 1).  

The well-known modernization hypothesis insists that the low fertility rate is a result of 

individual adaptation to general modernized environments, as industrialization, urbanization, 

educational standards, and families change. On the other hand, diffusion theory for 

demographic transition assumes that innovative cultural norms that lower the number of births 

could be transmitted from individuals with low fertility (infecteds) to traditional individuals 

with high fertility (susceptibles).  

In my talk, we develop an age-structured epidemic model to explain these demographic 

transition dynamics based on the diffusion idea ([3], [4]). We assume that the cultural norms 

leading to lower fertility are transmitted amongst individuals in the same way as infectious 

diseases. First, we formulate the basic model as an abstract homogeneous Cauchy problem on 

a Banach space to prove the existence, uniqueness, and well-posedness of solutions. Second, 

we investigate the existence of nontrivial exponential solutions, and then study the linearized 

system at the exponential solutions using the idea of asynchronous exponential growth. We 

develop and extend the idea of the basic reproduction number to formulate the stability 

condition for persistent solutions in homogeneous dynamical system. Demographic transition 

can be understood as switching the population growth orbit from the high-fertility to the low-

fertility by the cultural transmission. 

 

 

 



 
Figure 1. Past (triangles) and projected (circles) population of Japan from 1950 to 2050 

(source: INED/United Nations, 2015). Comparison with the simple model without age 

structure. 
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