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Homo economicus is a term used for an 
approximation or model of Homo sapiens
that acts to obtain the highest possible 
well-being for himself given available 
information about opportunities and other 
constraints, both natural and institutional, 
on his ability to achieve his predetermined 
goals.                   (www.wikipedia.org)

... humans have targets.

Humans use tools and resources to reach their targets. 

Human-environmental systems
humans ....



There are patterns in human behaviour, related to groups, social structures 
and the environment.

Human behaviours are generally patterned and repetitious; hence we can analyse 
and model them with systems analytical tools.

It is our job (at least in this course) to look for patterns and processes in human-
environmental systems.

how people have an impact on the environment

how the environment has an impact on people

(environmental sociology, human ecology …)

societysociety environmentenvironment



people are changing their environment for certain purposes

Mix of intensive agricultural and farm woodlots in southern Ontario, Canada 



people are changing their environment for certain purposes

... sometimes with heavy consequences for the environment.

soil erosion under a maize field in Guatemala



people are changing their environment for certain purposes

Yangtse dam construction, China

... sometimes with heavy consequences for the environment.



people are changing their environment for certain purposes

Coal mining in the Lausitz area, Germany

... sometimes with heavy consequences for the environment.



people are changing their environment for certain purposes ...

San Francisco, USA



people are changing their environment for certain purposes

Landsat TM image
area around Kiel



people are changing their environment for certain purposes

Forestry in Finland



people are changing their environment for certain purposes

Offshore wind park Horns Rev, Denmark



people are changing their environment for certain purposes

Harvests from forests, fisheries, and 
agriculture are the primary source
of income for the majority of people 
worldwide. And, the full potential of many 
ecosystems is not used yet.



people‘s actions have consequences on the environment

the global carbon cycle  (in Gt / year)



people‘s actions have consequences on the environment



people‘s actions have consequences on the environment



people‘s actions have consequences on the environment



the environment influences human activities (=„human environmental interaction“)

after the Tsunami in Aceh Province, Sumatra, Indonesia (image from Jan 2005)



the environment influences human activities (=„human environmental interaction“)



the environment influences human activities (=„human environmental interaction“)

Sahara desert, Mauretania



the environment influences human activities (=„human environmental interaction“)

tundra landscape, Finland



natural phenomena
(climate, earthquakes, storms, etc.)

natural phenomena
driven by human
behaviours
(pollution, climate change, etc.)

human responses
to natural phenomena
(adaptation processes,
cultural trends, etc.)

human phenomena
not primarily driven
by natural phenomena
(population trends, social institutions, etc.)

societysociety environmentenvironment



people are obtaining benefits from their environment 

World capture fisheries production 1950-2002 (source: http://www.fao.org)



people are obtaining benefits from their environment 

World energy
consumption by
fuel type 1970-2015



people are obtaining benefits from their environment 

Use of Paper worldwide



people are obtaining benefits from their environment 

Tourism in the European Union



people are obtaining benefits from their environment Recreation
Inspiration



people are obtaining benefits from their environment 



Provisioning services
production of basic goods (such as crops and livestock, 
drinking and irrigation water, fodder, timber, biomass fuels, 
and fiber such as cotton and wool)

Provisioning services
production of basic goods (such as crops and livestock, 
drinking and irrigation water, fodder, timber, biomass fuels, 
and fiber such as cotton and wool)

people are obtaining benefits from their environment 

What are Ecosystem Services?

Regulating services 
benefits obtained as ecosystem processes affect the 
physical and biological world around them. (including flood 
protection, coastal protection by mangroves and reefs; 
pollination; regulation of water and air quality; the 
modulation of disease vectors; the absorption of wastes; 
and the regulation of climate)

Regulating services 
benefits obtained as ecosystem processes affect the 
physical and biological world around them. (including flood 
protection, coastal protection by mangroves and reefs; 
pollination; regulation of water and air quality; the 
modulation of disease vectors; the absorption of wastes; 
and the regulation of climate)

Cultural services 
nonmaterial benefits people obtain from ecosystems (e.g. 
spiritual enrichment, cognitive development, 
reflection,recreation, aesthetic experience)

Cultural services 
nonmaterial benefits people obtain from ecosystems (e.g. 
spiritual enrichment, cognitive development, 
reflection,recreation, aesthetic experience)

Supporting 
services
necessary for the 
production of all 
other ecosystem 
services. 

(e.g. production of 
biomass through 
photosynthesis, soil 
formation, production 
of atmospheric 
oxygen, nutrient 
cycling).

Supporting 
services
necessary for the 
production of all 
other ecosystem 
services. 

(e.g. production of 
biomass through 
photosynthesis, soil 
formation, production 
of atmospheric 
oxygen, nutrient 
cycling).





people are obtaining benefits from their environment 

Costanza et al. in Nature (1997)



Costanza et al. in Nature (1997)



ecosystems provide at least US$ 33 trillion dollars worth of services annually. 

the majority of services is  outside the current market system:
• gas regulation (US$ 1.3 trillion/yr)
• disturbance regulation (US$ 1.8 trillion/yr)
• waste treatment (US$ 2.3 trillion/yr)
• nutrient cycling (US$ 17 trillion/yr)

• ca. 63% is contributed by marine systems (US$ 20.9 trillion/yr), most comes from
coastal systems (US$ 10.6 trillion/yr)

• ca. 38% comes from terrestrial systems, mainly from forests (US$ 4.7 trillion/yr)   
and wetlands (US$ 4.9 trillion/yr)

people are obtaining benefits from their environment 

Costanza et al. in Nature (1997)



Costanza et al. in Nature (1997)

Global map of the value of ecosystem services



How to model human-environmental systems?

our decisions alter our environment, leading to new decsions

targetstargets decisionsdecisions

environmentenvironment

start with the building of causal loops (cause and effect chains)



our decisions alter our environment, leading to new decisions, but also triggering 
side effects, delayed reactions, changes in goals and interventions by others.  
These feedbacks may lead to unanticipated results and ineffective policies.

How to model human-environmental systems?

start with the building of causal loops (cause and effect chains)

targetstargets decisionsdecisions

environmentenvironment
side effects

external actions

external targets

constraints



Pressure

StateResponse

Pressure-State-Response (PSR) model

How to model human-environmental systems?



Driver - Pressure - State - Impact - Response (DPSIR) model

Pressure

StateResponse

Drivers

Impact

How to model human-environmental systems?



Driver - Pressure - State - Impact - Response 
(DPSIR) model

Pressure

StateResponse

Drivers

Impact

direct drivers:
- human demand for goods and services
- good health and social relations
- security
- education 
- freedom

indirect drivers 
- demographical development
- economic conditions
- social conditions
- the state of the environment 
- political situations.

phenomena that are strongly connected to socio-economic conditions and forces



Driver - Pressure - State - Impact - Response 
(DPSIR) model

Pressure

StateResponse

Drivers

Impact

- human activities (e.g. spatial utilization of land, sea or air) cause pressure on 
the environment



Pressure



Driver - Pressure - State - Impact - Response 
(DPSIR) model

Pressure

StateResponse

Drivers

Impact

As a result of the actions that are described as pressures, environmental 
conditions (“ecological state”) often are changed

(e.g. eutrophication due to intensive agriculture, air pollution caused by 
burning of fossil fuels, changes in biodiversity)



Driver - Pressure - State - Impact - Response 
(DPSIR) model

Pressure

StateResponse

Drivers

Impact

Changes in the state of the environment will impact circumstances of human life

e.g. - health
- economic performance
- social relations  



Driver - Pressure - State - Impact - Response 
(DPSIR) model

Pressure

StateResponse

Drivers

Impact

human actions taken as a consequence of the developments of the system

e.g. - legislative procedures (laws, ban, production standards)
- planning (construction and development plans, landscape planning)
- market or public oriented instruments (taxes, bills, subventions)
- co-operation
- information, education and participation
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A simple conceptual model of human-environmental relations



How can we indicate developments in human-environmental systems?

human system:
- human well-being ... „to measure the unmeasurable“

The Main Dimensions of Well-being and its Obverse, Ill-being (Millennium Assessment 2003)



How can we indicate developments in human-environmental systems?

„Functions of human being“   (based on RUPPERT & SCHAFFER 1969)



How can we indicate developments in human-environmental systems?

Example
United Nations Sustainability 
Indicators (2003)                                               

http://www.un.org/esa/sustdev/



How can we indicate developments in human-environmental systems?

Example
United Nations Sustainability 
Indicators (2003)                                               

http://www.un.org/esa/sustdev/



How can we indicate developments in human-environmental systems?

natural system

- ecosystem health, „integrity“
- their capacity, to provide ecosystem services

Ecosystem structure
• abiotic diversity (e.g. habitat diversity)
• biotic diversity   (e.g. number of species)

Ecosystem function
• water cycling  (precipitation runoff evaporation)
• energy cycling  (solar energy photosynthesis primary production)
• matter cycling  (Nitrogen, Phosphorus...)



How can we indicate developments in human-environmental systems?

Problem: How to link human and environmental systems?

Components of human well-being (selection)
Health Social

security
Edu-

cation
Employ-

ment
Basic 

supply
Accom-

modation
Leisure Infra-

structure

Supporting
services O O O O

O

E
cosystem

 services

O

Provisioning
services O

OOOO

OO

O

O

O

Regulating
services O

Cultural
services O O O

Direct interrelations Indirect interrelations

ecosystem services





Summary

human systems are complex - environmental systems (ecosystems) are complex

their interrelations are even more complex

but again, systems analytical tools and methods help us to reduce and to deal with
these complexities



Catalogue of questions:

- What are the benefits people obtain from a forest ecosystem?
- How can we describe human-environmental systems?
- How can we measure developments in human-environmental systems?
- What are ecosystem services?
- How are human systems and natural systems linked to each other?




