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Let u(x,t) be the unknown density of a population at time t with respect to an age
Xy

variable x, so that the population at time t between ages x; and X, is ju(x,t)dx .
X

Consider a general model of age-structured population dynamics with logistic-type

nonlinearity (e.g., a model of fish population growth) given by

+00

zt—u(x,t) +%u(x,t) = —[m(x) + n[ J.u(x,t)deu(x,t), x>0, t>0; (8]

0
u(O,t)=b(t)Jh(x)u(x,t)dx, t>0; u(x,0)=ug(x), x=0; 2
0

+00
where ju(x,t)dx is the total population, m(x) is the age-specific death rate, b(t) is
0
the fecundity rate at time t (i.e., the average number of offspring per female per unit
time), h(x) is the age-specific relative fecundity, and ug(x) is the known initial age
+00
distribution. The logistic term n[ Ju(x,t)dx] provides a mechanism for increased
0
mortality as the population increases, which may be explained by intra-species
competition for resources.
We wish to study the effect on a population model of the removal of members
of the population at a specified rate. If a population modeled by the initial-
+o0
boundary value problem (1), (2) is subject to a harvest at a rate of E(t) J'u(x,t)dx
0
members per unit time then the harvested population is modeled by the PDE
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a—u(x,t)+a—u(x,t)=— m(x) +n J?Ou(x,t)dx +E() u(x,t), x>0, t>0. (3)
ot OX 0

This type of harvesting arises in the modeling of fisheries, where it is often
assumed that the number of fish caught per unit time is proportional to E(t), the
effort expended in fishing. This fishing effort may be measured, for example, by the
number of boats fishing at a given time.

In an inverse problem (a parameter identification problem) we seek both the
density of fish population and the effort expended in fishing, in order to ensure the
desired total population dynamics. In other words, the aim is to determine both a
solution u(x,t) and an unknown function E(t) satisfying the additional integral
relation

j u(x,t)dx = p(t), 4
0

along with the PDE (3) and conditions (2).
Applying the method of characteristics and the Banach fixed-point theorem, it
can be proved that there is a unique solution to the inverse problem (2)-(4).
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OBEPHEHA 3AJIAYA JJI51 MOJEJII
JUHAMIKH BIKOBOI'O CKJIAZLY TONY.JISILIi PUB,
1110 BIJVIOBJINOETHCSI

Posensnymo mamemamuyny mooenv, wo onucye OuHamixy oOionoziunoi nonynayii (Hanp.,
nonynayii pub), wo epaxosye gikoguil po3noodin ocooun. Chopmynvosano obepueny 3aoauy
i0enmucpixayii HegiooM0o20 KoeqhiyieHma 6 piBHAHHI, WO GUIHAYAE WBUOKICIb GUTYYUEHHS.
ocobun i3 nonyusayii (Hanp., KilbKicmb 406HI6, WO GUKOPUCHIOBYIOMbC 8 PUOAILCMEI),
O00NOBHUBWU MOOENb  THMEeSPANbLHOIO YMOB0I0 NEPeSUSHAYEeHHs, WO Onucye oascamy
OUHAMIKY 3a2anbHOI yuceabHocmi NOnyaayii. 3acmocogyouu memoo Xapakmepucmux i
meopemy banaxa npo nepyxomy mouxy, 008e0eH0 iCHY8ANHA €OUHO20 PO38 A3KY 00epHeHOT
3a0aui.
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