
The materials balance principle

Referred to by economists as the Law of 

Conservation of Mass. It says that 

matter can be neither created nor 

destroyed, just transformed from one state 

to another.

The environment                B+C+D ≡ A 

Environmental firms          A ≡A1+A2+C

Non-environmental firms  R+A1+F ≡ B+R+E 

Households                       A2+E ≡ D+F

In terms of mass, and ignoring lags due to accumulation in the economy, environmental 

extractions equal insertions, resource input equals waste flow. 



Stability and resilience
Holling (1973, 1986)

 Stability: a property of a population comprised in an ecosystem

 Is the propensity of a population to return to some kind of 
equilibrium following a disturbance.

 Resilience: a property of the ecosystem

 Is the propensity of an ecosystem to retain its functional and 
organizational structure following a disturbance. 

 The fact that an ecosystem is resilient does not necessarily 
imply that all of its component populations are stable. 

 A disturbance can result in a population disappearing from 
an ecosystem while the ecosystem as a whole continues to 
function in broadly the same way, so exhibiting resilience.
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Stability and resilience

Dose–response relationships may 

involve thresholds. 



Ecological footprint

 Measures the ecological impact of the human species. 

 According to Wackernagel and Rees (1997) it is:

 “the aggregate area of land and water needed to produce 

all the resources consumed, and to absorb all the wastes 

generated on a continuing basis, using prevailing 

technology.”

 It varies with technology as well as with levels and patterns of production 

and consumption. 



Ecological footprint

 Wackernagel et al. (2002) estimated that it would require 

1.2 earths, or one earth for 1.2 years, to regenerate what 

humanity used in 1999. 

 https://www.footprintnetwork.org/ currently humans use 

as many ecological resources as if we lived on 1.75 Earths.

https://www.footprintnetwork.org/
https://www.footprintnetwork.org/


Ecological footprints

https://www.footprintcalculator.org/home/en



Ecological footprint

https://www.weforum.org/agenda/2022/10/nature-loss-biodiversity-wwf/









Biodiversity

 Biodiversity: the number, variety, and variability of all 

living organisms in terrestrial, marine, and other aquatic 

ecosystems and the ecological systems they are parts of.

 Biodiversity is intended to capture two dimensions: 

1. the number of biological organisms 

2. their variability 



Levels of Biodiversity
There are three levels at which biodiversity can be considered:

 Population: 

 genetic diversity within the populations that constitute a species, is 

important as it affects the evolutionary and adaptive potential of the 

species, and so we might measure biodiversity in terms of the number of 

populations.

 Species: 

 we might wish to measure biodiversity in terms of the number of distinct 

species in particular locations, the extent to which a species is endemic 

(unique to a specific location), or in terms of the diversity of species.

 Ecosystems: 

 in many ways, the diversity of ecosystems is the most important measure 

of biodiversity; unfortunately, there is no universally agreed criterion for 

either defining or measuring biodiversity at this level.



Importance of biodiversity

 Carbon cycling, soil fertility maintenance, climate and 

surface temperature regulation, and watershed flows. 

 The diversity of flora and fauna contributes to amenity 

services. 

 Flora and fauna are the sources of many useful products, 

particularly pharmaceuticals, foods, and fibers. 

 Biodiversity is the basis for crop and livestock variability 

and the development of new varieties.

  



Importance of biodiversity

 Ecologists see the greatest long-term importance of 

biodiversity in terms of ecosystem resilience and 

evolutionary potential. 

 Diverse gene pools represent a form of insurance against 

ecological collapse: 

 the greater the extent of diversity, the greater the capacity for 

stress adaptation and the maintenance of the ecosystem’s 

organizational and functional structure.



Biodiversity loss

https://www.weforum.org/agenda/2022/10/nature-loss-biodiversity-wwf/



Biodiversity loss



The drivers of environmental impact

The environmental impact of economic activity can be 

looked at in terms of:

 extractions from the environment

 insertions into the environment



The drivers of environmental impact

In either case,  the immediate determinants of the total level of 
impact are:

 the size of the human population and 

 the per capita impact. 

The per capita impact depends on:

 how much each individual consumes, and

 the technology of production. 



The IPAT identity

 A simple but useful way to start thinking about what drives the 
size of the economy’s impacts on the environment. 

 It can be formalized as the IPAT identity:

I: impact, measured as mass or volume

P: population size

A: per capita affluence, in currency units

T: technology, amount of the resource used or waste generated per unit of production

TAPI =
GDP

 UseResource

P

GDP
PI 

A T



An illustration of IPAT

P A T I

(billions) (PPP US $) (GHG tons per $) (billions of tons)

Current 7,8 22.555 0,00039 

P x 1.5

P x 1.5 and

A x 2

P x 1.5 and

A x 2 with

I at current level



An illustration of IPAT

 Find the current values for P, A, and T and 

calculate the value of I

 Assume that P increases by 50%, calculate the 

value of I

 Assume that also A increases but by 100%, 

calculate the value of I

 What should be the value of T given the 

changes of P and A to keep I at its initial value?



An illustration of IPAT

P A T I

(billions) (PPP US $) (GHG tons per $) (billions of tons)

Current 7,8 22.555 0,00039 68,6 

P x 1.5 11,7 22.555 0,00039 102,9 

P x 1.5 and
11,7 45.110 0,00039 205,8 

A x 2

P x 1.5 and

11,7 45.110 0,00013 68,6 A x 2 with

I at current



Population (annual change)

https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/undesa_pd_2022_global_population_growth.pdf



Population (size)

https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/undesa_pd_2022_global_population_growth.pdf



Population (global rate and size)

https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/undesa_pd_2022_global_population_growth.pdf



Population (fertility rate)

https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/undesa_pd_2022_global_population_growth.pdf



Affluence – GDP ($ trillion)

https://www.weforum.org/agenda/2018/10/t

he-80-trillion-world-economy-in-one-chart/



Affluence – GDP per capita

https://howmuch.net/articles/gdp-per-capita-2018



Technology

Energy use is of particular interest for 3 reasons

1. Moving and transforming matter – work - requires energy. The level 

of energy use varies directly with work done, and so is a good proxy for 

overall environmental impact

2. In modern economies, about 90% of energy use is based on fossil 

fuel combustion. Fossil fuels are non-renewable resources that cannot 

be recycled.

3. About 80% of anthropogenic CO2 emissions arise from fossil fuel 

combustion. CO2 is by far the most important of the greenhouse gases 

driving climate change, which is the most important environmental 

problem facing the world today.



The demographic transition

Stage 1. Low-income economy with high birth and 

death rates

Stage 2. With rising real incomes, nutrition and 

public health measures improve, leading to a falling 

death rate and rapid population growth.

Stage 3. Due to

increasing costs of child-rearing

reduced benefits of large family size

increasing opportunity costs of home employment

improved economic and social status of women 

the birth rate falls and the rate of population growth 

declines

Stage 4. High-income economy with equal and low 

birth and death rates, and constant population size

The theory of demographic transition is 

an attempt to explain the observed 

negative correlation between income 

level and population growth rate. 
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