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Sustainable?Sustainable?

Traditional population constant Endogenous populationTraditional, population constant

• Scarcity of natural recources
leads to ever‐decreasing per 

Endogenous population

• It may well be optimal to 
allow some environmental

capita consumption (Dasgupta
and Heal 1974, Krautkraemer
1985, Pezzey and Withagen

deaths.

• Optimal trend in population
may lead to extinction (in1998).

• An optimal path is sustainable
if it provides non‐decreasing

may lead to extinction (in 
infinite time)

• There is not much reason to if it provides non decreasing
consumption for a non‐
decreasing population
(Brundtland Comission 1987).

believe that that people
care

(Brundtland Comission 1987).



Malthus‐Hardin modelMalthus Hardin model

• Environment is a public goodEnvironment is a public good

• Externalities in population growth

i f bi h i ( l h• Incentives for births are private (Malthus ‐> 
Hardin)

• Carrying capacity may be exceed

• Positive check (rise in mortality) restores the ( y)
balance

• Tragedy of commonsTragedy of commons



Positive Check ‐ Recent Evidence on 
lrise in mortality

Pollution Climate changePollution

• Air Pollution (Samet et. Al
2000, Brunekreef and 

Climate change
• Increase in malaria‐areas

(Tansier 2003)
h l k fHolgate 2002)

• In Europe 350 000 
premature deaths annually

• Weather extremes, lack of 
good trinking water, drough, 
population displacements
(IPCC)premature deaths annually

(CAFE and WHO 2004)
(IPCC)

• Increase of risk for the great
killers (malaria 83%, diarrhoea
17% malnutrition 32%) (WHO17%, malnutrition 32%) (WHO 
2003)

• 140 000 excess deaths
annually (WHO 2010)annually (WHO 2010)





Mostly in SouthMostly in South



Some types in North as wellSome types in North as well



Western Australia



Prototype modelPrototype model

• Two channels from pollution to mortalityTwo channels from pollution to mortality
– Through emissions E

Trough pollution stock S– Trough pollution stock S

• Acute versus cronic exposure

• Cronic exposure assumed here

• This is a long‐run growth model



PrototypePrototype

Population growth Responds to pollution stock SPopulation growth

• Population growth n=f‐m

Responds to pollution stock S

Population growth n f m

• Constant fertility f

• Endogenous mortalitym

• Critical pollution stock
beound which populatin
starts to decreasestarts to decrease

• Population at time t



PrototypePrototype

Pollution Stock S
Dictated by emissions E and 
abatement function δ(S)Pollution Stock S

• Inverted U abatement

abatement function δ(S)

Inverted U abatement
function

• Carrying capacity larger
than the critical level

• Allowing negative
population growth



Household optimizationHousehold optimization

• Utility from per capita
emissions E/L

• Population at time t

• The integrand

• Equation of motion



The Uzawa‐trick: solution in virtual timeThe Uzawa trick: solution in virtual time

Constant discount factor Transformation of the modelConstant discount factor Transformation of the model



The Uzawa‐trick: solution in virtual timeThe Uzawa trick: solution in virtual time

Solution in virtual time Transformed to natural timeSolution in virtual time Transformed to natural time



Sustainability in a steady stateSustainability in a steady state

• Per capita consumptionp p
and population are
substitutes

• Population growth can be• Population growth can be
of any sign

• Emissions E constant
• Per capita emissions E/L 

grow at rate
G ld R l i i• Golden Rule emissions
are exceeded (dynamic
efficiency)



How mortality responds to pollution? 
( ) f ( )n(S) = f – m(S)

• Report of Rome 1973:Report of Rome 1973:
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Linear C: single steady stateLinear C: single steady state
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Non‐linear C’: mortality threshold.y

• The phase line curved • Multiple steady states  
possible
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Consumption augmenting exogenous
h ltechnical progress



• E‐phaseline shift down • Linear populationE phaseline shift down

• S* increases

• Population growth

Linear population
function:

Population growth
decreases

• Population growth may

E

E=0
.

Population growth may
get negative S=0

.

a b

S

a b



Calibrated examplesCalibrated examples
Logistic abatement function Linear population function



Threshold population functionThreshold population function



Time pathsTime paths



Discussion
• Environmental mortality in  a prototype of 
pollutionpollution.

• Environment public good.

I ti f bi th i t ?• Incentives for births private?

• Do people care?

• Birth policies difficult after some level of fertility: 
This has been reached in most countries

• Child‐number is a private area


