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ON INFINITE-HORIZON OPTIMAL EXPLOITATION

OF A RENEWABLE RESOURCE

L. I. Rodina, A. V. Chernikova

We consider models of homogeneous and structured (for example, by age, gender, or other attribute)
populations given by difference equations. The dynamics of a structured population in the absence of exploitation
is given by the system of equations x(k + 1) = F

(

x(k)
)

, k = 0, 1, 2, . . . ; here F (x) is a column vector with

coordinates f1(x), . . . , fn(x), which are real nonnegative continuous functions, and x(k) =
(

x1(k), . . . , xn(k)
)

,

where xi(k), i = 1, . . . , n , is the amount of resource of the ith type or age class at time k = 0, 1, 2, . . . .
A homogeneous population is given by the difference equation x(k+1) = f

(

x(k)
)

, k = 0, 1, 2, . . . . It is assumed

that the population is subject to harvesting u(k) =
(

u1(k), . . . , un(k)
)

∈ [0, 1]n at fixed times k = 0, 1, 2, . . . ,
and this process can be controlled to achieve a certain result of resource harvesting. Thus, we consider the models
of the exploited populations given by the systems of equations x(k + 1) = F

(

(1 − u(k))x(k)
)

, k = 0, 1, 2, . . . .
We study the infinite-horizon problem of optimal harvesting of a renewable resource for stationary and general
exploitation modes. The characteristics of resource harvesting are considered, the first of which is the harvesting
efficiency equal to the limit as k → ∞ of the ratio of the cost of the resource gathered in k harvestings to the
amount of applied control (harvesting efforts). Another characteristic is the mean time profit, which is the limit
as k → ∞ of the arithmetic mean of the cost of the resource over k harvestings. We find the highest values of
these characteristics and describe the harvesting strategies under which these values are attained. It is shown
that if all possible controls are taken into account in population exploitation, then a value of harvesting efficiency
greater than the highest efficiency on the set of stationary controls can be attained. On the other hand, the
largest value of the mean time profit calculated on the set of all controls coincides with the largest value on
the set of stationary controls and does not depend on x(0). The results are illustrated by the examples of an
exploited population given by a discrete logistic equation and a structured population consisting of two species.
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