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Overview 
Melta is the Finnish government’s sectoral research institute responsible for 
promoting, through research, the ecological, economical and social sustainable 
development of Finland’s forests.  The mission of Melta is to build the future of the 
forest sector of Finland by producing and disseminating information and know-how 
for the well-being of society. 

Melta’s researchers wanted to improve upon intertemporal and dynamic problems 
in natural resource economics, namely harvesting of fish populations.  Melta’s 
existing models for harvesting fish populations were inaccurate and oversimplified—
oftentimes linearizing nonlinear problems and adding ad hoc constraints.  Although 
these models were easy to implement and use, the Melta team discovered 
significant inaccuracies caused by suboptimal problem definition.  A major concern 
was that fish yields were unpredictable with the linearized model.  Further, they 
desired to minimize the impact upon the environment while also improving the 
profitability of fish harvesting. 

Melta determined significant benefits could be realized by modeling the problem 
using complementary constraints.  This nonlinear modeling approach would 
provide them greater accuracy when examining intertemporal and dynamic 
problems and their effects on optimal harvesting in age-structured fish populations.  

 

 

 

 

 

 

 

Client Successes:  FINNISH FORESTRY RESEARCH INSTITUTE (Melta)  

● ● ● 

“I have found KNITRO very 
reliable…Without KNITRO, 

it would have been more or 
less impossible to solve the 
problem.”—Olli Tahvonen 

 

● ● ● 

Benefits 
 Predictable Yields 

 Increased Effectiveness 

 Significant Ecological 

Impacts—Long Term 

Economic Profits 

 Further Understanding of  

Age-Structured Population 

Models 
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The KNITRO Solution 
After thorough analysis of the problem, 
Melta redesigned the model as a nonlinear 
discrete time optimal control problem (one 
control, many states).  Of the various solvers 
available, KNITRO was selected based on 
performance, robustness, and reliability.   

Benefits 
The improved model provided flexibility by 
allowing certain fish to have no market value 
(e.g. the youngest and smallest fish).  
Further, the model provided visibility as to 
how yield is affected over time.  The 
nonlinear modeling approach revealed a 
critical new insight; the optimal solution did 
not in fact converge to a steady state of 
constant yield, but instead was cyclic where 
yield fluctuates over time.  This solution is 
optimal because over time, the changing 
population distributions will result in a larger 
proportion of the older, more valuable fish. 

With this solution, yield is more predictable 
resulting in obvious economic benefits.  Knowing when the most valuable, older fish have the highest population density 
can allow fleets to fish when it is most profitable, therefore also increasing efficiency and profitability.  In addition to 
economic benefits, there are ecological paybacks.  Using this solution, overfishing is prevented, thus producing long term 
sustainability and economic growth. 

About KNITRO 
KNITRO is a leading solver for nonlinear optimization problems.  It is the most powerful and versatile solver on the market, 

providing three state of the art algorithms along with a wide range of user options and interfaces.  KNITRO is designed for 

large problems and is well-regarded for its robustness and efficiency. 

FREE TRIAL DOWNLOAD OF KNITRO AT WWW.ZIENA.COM 
 

References: Summary of results from “Optimal harvesting of age-structured fish populations” by Olli Tahvonen. 

Technical Summary 
The number of fish harvested can be generally modeled as /2( , )m
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is the number of fish of age class s in the beginning of 

period t, m is the expected rate of mortality,
tE  is effort  and 

sQ is the production function 

increasing in effort and number of fish.  Age classes are not harvested independently, thus 
effort is nonselective. Assuming that fishing occurs in the middle of each period implies 
that the development of the number of fish in each age class can be written as 
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Obviously, the problem must include a constraint requiring that the number of fish 
harvested cannot exceed the number of fish that exist; the term in parentheses in the 
above equation must nonnegative. A straightforward restriction would imply a constraint 
on effort, but this would not describe the problem correctly. Complementary constraints 
are necessary to model this problem.   The complementary constraints can be formulated 

as (where1 2,st sty y  are the complementary or slack variables): 
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Summarized, if harvest is less than the number of fish available, harvest is then equal to 
the production function valueða function of effort and number of fish.  Thus, harvest is 
limited by effort.  If the production function is less than the number of fish harvested, then 
the number of fish harvested is equal to the number of fish available, so harvest is limited 
by the number of fish available.  
 
KNITRO easily handled the use of complementary constraints, crucial to modeling this 
problem, without ad hoc features. 


