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Structure of the problemð

General 
ü a). the stock of pollution is evolving through time based 

on the contemporaneous external inflow of pollutant and 

on endogenous recycling of pollutant stock (the problem 

of shallow lakes)  

 

ü b). evolution of the pollutant stock over time is affected 

by the size of the polluted medium, which varies over 

time (aquifer pollution problem), and  

 

ü c) the external inflow of pollutant is driven by some 

uncontrollable random process, e.g. rainfall (stochastic 

pollution function). 



Motivation 

ü Real life problem that faces managers of urban 
water supply for the Sydney Metropolitan Area in 
Australia.  

 

ü The area has a population of about 5 million people, 
and draws its water supplies from several lakes, the 
largest of which is known as Warragamba Dam.  

 

ü Excessive nutrient loads (phosphorus) in the lake 
originating from various land uses in the catchment, 
and most prominently ï agriculture.  

 

ü Algal blooms in the lake.  



The remedy 

ü Invest in abatement of phosphorus. 

 

üBut how? How to allocate abatement efforts (e.g. 

agri-environmental contracts) across space and 

time? 

 

üNo good answer to this question so far. 

 

üSCA (Sydney Catchment Authority) has been 

allocating funds to abatement based on 

observations (e.g. most susceptible areas).  

 



Objectives 

üDetermine guiding principles to direct costly 

abatement efforts for pollution problems in 

complex environmental systems that exhibit the 

three aformentioned characteristics. 

¸ Model additional complex processes that have not 

been previously treated in the literature (e.g. shallow 

lakes literature) 

 

üDetermine optimal intensity of abatement 

investment (e.g. agri-environmental contracting) 

over time. 



During the period of low rainfall, 

starting with (somewhat) full lake 



At the peak of the drought 



As drought breaking rains start 



The phosphorus in the water 



The maths (1) 

üTwo stocks: 

¸ Phosphorus in the lake: 

 

 

 

¸ Water in the lake 
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The maths (2) 

üTwo flows: 

¸ Pollutant flow:  

  SPC(u(t), R(t))= kINW(R(t))n (a-u(t))  

 

¸ Water flow: 
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The maths (3) 

üControl  (abatement): u(t) 

üCost of control: C(u(t)) = u(t)c 

 

üCost of damage : 
 

  


