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1 The Basis of Human Well-Being

Problem 1.1 Describe some similarities and differences between the gross domestic product and the human

development index. Why is the latter index considered to be a better indicator of human well-being?

Solution

Both are aggregate indicators of aspects of human well-being. GDP cosiders only economic flows or things

that involve a monetary transactions. HDI is more comprehensive and considers other aspects of human

well-being such as health, social equality, and freedom. HDI is considered to be a better indicator of human

well-being.

Problem 1.2 Identify some economic, societal, and ecosystem services that the following systems depend on,

and describe the dependence: (a) a coal-burning power plant; (b) driving a car; (c) intensive agriculture.

Solution

All three activities rely on the following goods and services.

Goods and Services
Activities Economic Societal Ecosystem

Coal-burning
power plant

Industrial equipment (furnace,
pumps, etc.), market for coal
and electricity, power grid

Power market regulating au-
thority, education system for
plant personnel, patent system

Provisioning of coal, water, min-
erals for equipment, air qual-
ity regulation for dissipating air
emissions

Driving a car Automotive components (en-
gine, tires, etc.), fuel, roads, re-
pair shops

Automotive licensing services,
education system for drivers,
patent system

Provisioning of fossil fuels and
minerals, regulation of air qual-
ity

Intensive agri-
culture

Advanced seeds, farming ma-
chinery, fuel, fertilizers, market
for products

Environmental regulations for
pesticides, system for training
farmers to use farm equipment

Provisioning of water, regula-
tion of soil fertility, sequestra-
tion of carbon in plants and soil

Problem 1.3 Consider a typical single-family dwelling that consists of a house surrounded by a yard. Identify

some of the ecosystem services that the yard could provide to the residents of the house and to the larger

community.

Solution

The yard may provide the following ecosystem services:

• Provisioning service: Food and water to residents

• Regulation service: Trees in the yard may regulate the house’s temperature, reducing heating and cooling

needs; Green cover can assimilate air pollutants such as PMs and CO.
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• Cultural service: Yard may offer aesthetic value to the residents. This service can also be enjoyed by the

larger community.

Problem 1.4 The triple value concept conveys that it is important for corporations to consider economic,

social, and environmental goals in their decisions. Do companies consider goals in these three categories to be

equally important? Explain your response with examples.

Solution

Most corporations give much more importance to the economic objective of their own profitability. This is

despite the fact that the economy is nested in society and the environment as shown in Figure 1.7, making it

least important from the point of view of sustainability. Examples of goals that are traditionally excluded

from corporate policies include the societal and environmental impact of industrial emissions such as carbon

dioxide and mercury that lack regulations, impact of corporate activities on societal well-being factors such

as employment and equity. Today, most corporations aim to contribute to sustainable development, and

through activities such as corporate social responsibility, they are making more contributions to societal and

environmental goals. However, given the nature of the economic system, they must give higher importance to

economic goals of profitability.

Problem 1.5 Give examples of how the following activities rely on cultural ecosystem services, (a) Use of

logos by corporations, (b) Religious and spiritual practices, (c) Recreational activities.

Solution

(a) Many corporations use images from nature as a part of or inspiration for their logo. Examples include the

mouse (Disney), butterfly (Microsoft), apple (Apple), various birds in airline logos (Lufthansa, Singapore

Airlines, Turkish Airways), sea shell (Shell).

(b) Many indigenous cultures and religions consider specific species and natural formations to be of cultural

and spiritual significance. Examples include Ayres rock in Australia, Banyan and Peepal trees in India, Devils

tower in the US, and the Quetzal in South America.

(c) Outdoor recreational activities such as hiking, canoeing, gardening and even just a walk in the park rely

on the benefits of spending time in natural surroundings.

Problem 1.6 What are the Sustainable Development Goals (SDGs) of the United Nations? Do the SDGs

account for the critical role of ecosystems in human well-being?

Solution

The UN SDGs are listed below and in Table 22.6.

1. No poverty. By 2030, eradicate extreme poverty for all people everywhere, currently measured as people

living on less than $1.25 per day.

2. Zero hunger. By 2030, end hunger and ensure access by all people, in particular the poor and people in

vulnerable situations, including infants, to safe, nutritious, and sufficient food all year round.

3. Good health and well-being. By 2030, reduce the global maternal mortality ratio to less than 70 per

100,000 live births.

4. Quality education. By 2030, ensure that all girls and boys complete free, equitable, and quality primary

and secondary education leading to relevant and effective learning outcomes.

5. Gender equality. End all forms of discrimination against all women and girls everywhere.

6. Clean water and sanitation. By 2030, achieve universal and equitable access to safe and affordable drinking

water for all.
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7. Affordable and clean energy. By 2030, ensure universal access to affordable, reliable, and modern energy

services.

8. Decent work and economic growth. Sustain per capita economic growth in accordance with national

circumstances and, in particular, at least 7 percent gross domestic product growth per annum in the least

developed countries.

9. Industry, innovation and infrastructure. Develop quality, reliable, sustainable, and resilient infrastructure,

including regional and transborder infrastructure, to support economic development and human well-being,

with a focus on affordable and equitable access for all.

10. Reduced inequalities. By 2030, progressively achieve and sustain income growth of the bottom 40 percent

of the population at a rate higher than the national average.

11. Sustainable cities and communities. By 2030, ensure access for all to adequate, safe, and affordable housing

and basic services, and upgrade slums.

12. Responsible consumption and production. Implement the ten-year framework of programs on sustainable

consumption and production, all countries taking action, with developed countries taking the lead, taking

into account the development and capabilities of developing countries.

13. Climate action. Strengthen resilience and adaptive capacity to climate-related hazards and natural disasters

in all countries.

14. Life below water. By 2025, prevent and significantly reduce marine pollution of all kinds, in particular

from land-based activities, including marine debris and nutrient pollution.

15. Life on land. By 2020, ensure the conservation, restoration, and sustainable use of terrestrial and inland

freshwater ecosystems and their services, in particular forests, wetlands, mountains, and drylands, in line

with obligations under international agreements.

16. Peace, justice, and strong institutions. Significantly reduce all forms of violence and related death rates

everywhere.

17. Partnerships for the goals. Strengthen domestic resource mobilization, including through international

support to developing countries, to improve domestic capacity for tax and other revenue collection.

The SDGs do account for the critical role of ecosystems in sustaining our well-being. This can be seen

primarily in Item 15, and in Item 14.

Problem 1.7 Which ecosystem goods and services did the residents of Easter Island depend on for building

their statues? How did the loss of these goods and services contribute to their demise?

Solution

For building their statues, the residents of Easter Island depended on the stone and wood provisioning

ecosystem services. The former ecosystem service provided the building material, while the latter enabled

them to transport the stones to the beaches where the statues were built. Due to the clearing of these forest

ecosystems for the statue building and other provision needs, they not only lost the wood provision service of

the forests, but also other ecosystem co-benefits. These include the supporting service of soil formation which

aided their agriculture and other wood provisioning services for housing, boats, and fuel needs.

Problem 1.8 Identify some ecosystem services for which technological substitutes are not yet available. Will

we be able to develop technological substitutes for these services?

Solution

Pollination at a large scale - Technology for small-scale pollination by hand using items such as the “tomato

tickler” are available, but large-scale pollination cannot be done by technological means.
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Global biogeochemical cycles - Cycling of carbon, nitrogen, water, etc. at a global is not yet possible by

means of technology.

It is doubtful that we will be able to develop technological substitutes for these. Even if we are, it is doubtful

that they will be able to operate in a sustainable manner as in nature.

Problem 1.9 Search the health literature to determine how ecosystems help us in maintaining and improving

our health. Focus on aspects such as mental and emotional well-being, resistance to allergens, and development

of new medicines such as antibiotics.

Solution

Ecosystems help in enhancing and regulating our immune system by providing exposure to diverse microbes,

thus reducing the chance of allergies (G. A. Rook. Regulation of the immune system by biodiversity from

the natural environment: an ecosystem service essential to health. Proceedings of the National Academy of

Sciences, 110(46):1836018367, 2013.)

Exposure to green space during childhood is found to negatively correlated with mental halth problems during

adolescence and adulthood (Engemann, K.; Pedersen, C. B.; Arge, L.; Tsirogiannis, C.; Mortensen, P. B. &

Svenning, J.-C. Residential green space in childhood is associated with lower risk of psychiatric disorders

from adolescence into adulthood Proceedings of the National Academy of Sciences, National Academy of

Sciences, 2019, 116, 5188-5193)

Antibiotics were synthesized from fungus that was noticed to be resistant to microbes.

Problem 1.10 Ethanol is a required additive in gasoline in many countries. The main steps in producing

ethanol from corn include the agricultural step where corn is grown, and the manufacturing step where corn

sugar is converted to ethanol by fermentation. For these two steps, discuss the ecosystem services that each

activity depends on and how each activity impacts ecosystem services.

Solution

Growing of corn. This farming step relies in a large diversity of ecosystem services such as biogeochemical

cycling of carbon by photosynthesis and of nitrogen for maintaining soil fertility. It also relies on water

provisioning in the form of rain and snow, and water quality regulation to mitigate fertilizer runoff.

Intensive corn farming impacts ecosystem services such as water quality regulation due to fertilizer and

pesticide runoff that causes harmful algal blooms, carbon sequestration in soil due to its tillage, climate

regulation due to emissions of carbon dioxide from farm equipment and nitrous oxide due to the use of

artificial fertilizers.

Corn to ethanol. This industrial step relies on the water provisioning ecosystem service, air and water quality

regulation services to mitigate emissions, and carbon sequestration ecosystem service to capture CO2 emissions

from fermentation.

Excessive air and water emissions could hurt these regulation services, and CO2 emissions impacts climate

regulation.


