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Our economy is based on a system of exchanges where value is vested in land, labor and capital. 
But the way we define value and economic benefits does not directly include the services 
provided by the natural systems of the Earth.  Today I will discuss the essential ecosystem 
services that support our life, the most important threats to the global ecosystem, some of the 
challenges to changing how we value or economy and some principles we may pursue to make 
progress. 

The Earth provides all that we need for our life support as living creatures: clean water, fresh air, 
fertile ground and the biodiversity of species with which we share the planet.  All the energy 
necessary to support life on earth comes from the nuclear fusion reactor of our star, the sun, 93 
million miles away.  The composition of our atmosphere with oxygen to breathe and the 
presence of fresh water developed over a span of a billion years of complex geo-chemical 
interactions between living and non-living elements of the Earth.  The fertile ground is formed 
by the millions of organisms that break organic matter down and make nutrients available for re-
use.  Over two million species of organisms have evolved, some not documented, some not even 
suspected yet on our Earth. 

The balanced system of living and non-living elements of Earth is under stress in modern times.  
Since the industrial revolution of the early 1900’s we have seen an increasing pressure on the 
resources of the planet from population growth, the use of fossil fuel combustion for energy, the 
intense extraction of resources and the hyper-consumption of modern life.  These problems do 
lend to simple cures, they will require system solutions. 

Let us examine the ecosystem services of the Earth.  These are services we depend on that derive 
from the natural operation of the living systems. First, we have supporting services.  These are 
services such as the natural cycles of nitrogen, carbon, and water that transfer materials between 
the living and the non-living sectors.  They include services such as pollination that occur as part 
of the life cycles of natural systems.  So, the normal behavior of honey bees collecting pollen and 
nectar provides agricultural value in the production of crops.  Fermentation, which is a natural 
action of yeasts generates beer, wine and other fermented products- cheese, through the action of 
the life cycle of organisms. 

The ecosystem also provides regulating functions.  The control of climate happens by the flow 
of the temperature gradients in the oceans moving the currents in a great belt around the globe.  
The formation of fresh water by evaporation from the salt sea and deposition of rain across the 
globe also comes from the thermal gradients in the oceans.  The filtration of water for 
purification through wetlands or through filtration through sands occurs as a property of the 
materials interacting with contaminants. A forest canopy regulates the thermal impact of sun 
against the land, absorbs and sequesters carbon and water in the trees. Diseases are controlled by 
the balance of predators and prey.   

 



Provisioning services include the production of food, fiber and fuel, fresh water and oxygen. 
Recent reports of test tube synthesis of meat protein was greeted with great acclaim.  But animals 
we raise for food accomplish the assembly process as a natural function.  Creating carbohydrates 
and proteins out of simple elements is a service all living organisms perform automatically.  
When we select and cultivate certain organism as food sources, we are harnessing the basic 
ecosystem service. 

Fertile ground which allow plants to grow can be enhanced by rotating crops to stimulate 
nutrient absorption for example by growing nitrogen fixing crops such as clover or soy beans or 
peanuts in rotation with corn or leafy vegetables.  Allowing cattle to graze and fertilize fields in 
rotation with nitrogen fixing crops also helps protect against drought and disease.  

Photosynthesis is the miracle that sustains life on Earth.  In some distant primordial bog the first 
organisms captured elemental chemicals dissolved in water welded with the energy of sunlight to 
form sugars, starches and thus the foundation of life. The phytoplankton in the top 18 inches of 
the ocean and the forest canopies of the temperate rainforests provide almost all of the free 
oxygen we depend on for life.  All the food chains depend on the basic functions of 
photosynthesis to sustain plants, the animals that eat them, and the creatures that return their 
elements to the soil. 

Finally the ecosystem provide cultural and spiritual value.  We all know the benefits of 
recreation in the natural environment, and the value of a natural landscape.  The beauty of nature 
provides inspiration and a sense of wonder to sustain our souls. 

In modern times we face many threats and challenges. Mankind has not lived on the earth in 
harmony with the natural laws. 

The earth’s atmosphere took billions of years to form, and has been stable for about 10,000 years 
with free oxygen in the air of about 20%. 

In the last 200 years, we have seen an increase in the global carbon dioxide concentration, 
escalating most sharply in the last 50 years.  

This is ties to the increased use of fossil fuels by combustion for energy. 

The most significant sectors for producing CO2 are power generation and transportation. 

The graph shows the sources and uses of energy for the US in 2010.  Fossil fuels are 83% of the 
total. On the far right, you can see that more energy is wasted or lost than is used to do work.  In 
particular, the generation of electricity uses only 333% of the fuel value to do work, the rest is 
lost as rejected heat.  In transportation, only 12% of the fuel is used to produce forward motion, 
the rest is lost as friction and heat.  Both of these processes were invented in the 1850”s and 
became embedded in the economic fabric of modern life. Our economy is addicted to fossil fuels 
burned in the most inefficient way! 

Obtaining fossil fuels has contributed significantly to harming the ecosystem services we depend 
on for life.  Forests cleared for coal removal by mountaintop mining destroy not only the 
mountain. Each hectare of forest cleared adds 217 to 640 tons of carbon to the atmosphere.  This 



is the carbon sequestration service of the forest. Grasslands and urban trees store green water and 
protect against flooding and contamination.  When land is paved for highways, we lose the 
ecosystem services of the vegetation and the permeable soils. 

As the CO2 concentration in the air rises, the ocean receives more dissolved CO2 as well, which 
increases the acidity of the ocean waters.  Many organisms of the ocean have carbonate or 
calcified structures.  These dissolve as the acidity increases. Thus the ecosystem services of 
living coral reefs for shore protection, fisheries support and the complex life of the ocean is 
compromised. 

How do we reflect the value of the ecosystem services?  We have been struggling in the 
environment movement for years to assign value to the air and water and fertile ground.  The 
environmental laws to date except for the Pollution Prevention Act of 1992 and the Endangered 
Species Act, have addressed the symptoms, putting limits on the material that can be released 
from smokestacks or emission pipes.  We have not addressed the root causes. Environmental 
values are considered to be “externalities” not central necessities. 

When we compute the Gross Domestic Product, we count the sum of consumer spending, plus 
the industry investment, plus the value of exports minus imports, plus government spending.  
There is zero value for the services the earth provides for free. 

The landmark work of Constanza and his colleagues first published in 1997 computed the value 
of the ecosystem services the mainstream economy takes for granted. If the Global Gross 
National Product is the equivalent of $18 Trillion US, the ecosystem services are $33 Trillion.  
The majority of the value of these ecosystem services we could identify would be outside of the 
market system.   

Constanza computes the value of ecosystem services outside the market system: 

Atmospheric gas regulation values at $1.3 trillion 

Disturbance regulation (such as floods) at 2.3 trillion 

Waste treatment at $ 2.3 trillion 

Nutrient cycling at $17 trillion 

 

63% of the estimated value is contributed by marine systems –equivalent to $20.9 trillion.  We 
have not even thoroughly studied and understood many of the function of the oceans and the 
complex ecosystems that lie within its varied strata.  Most of this value comes from the coastal 
systems, estimated at $10.6 trillion. 

 

38% comes from terrestrial systems, mostly forests, with a value estimated at  $4.7 trillion and 
from wetlands, with an estimated value of $ 4.9 trillion. 



In planning our way forward, I offer the wisdom of noted biologist Edward O. Wilson who has 
studied the biodiversity of the earth for many years.  He suggests that if we wish to survive 
climate change, we must save the living world, the ecosystem will sustain us.  

We must look in new directions to organize our economy to value what is most important to our 
LIFE.  We must count the cost of environmental services across all sources – clean air, clean 
water, fertile soil.  If a process uses water from the rivers, this is not free.  If an industry sends 
out toxic pollutants to be diluted in the air, this is not free.  If a commercial agricultural operation 
depletes the ground until it only works with massive additions of fertilizer and pesticides, this is 
also not free. We must learn to match the energy intensity of sources to the intensity of uses, 
using the renewable resources and biological process to provide needed energy rather than fossil 
resources whose combustion reverses the essential composition of our atmosphere. We must 
design our society for a sustainable future.  The systems for doing that need to be re-shaped. It is 
especially important as a mater of global social justice.  If people all over the world move to a 
modern industrial life style in the same way as we have, it will require 5.8 planets…and we have 
only one.  The Earth provides an abundance of resources in the form of free solar energy, 
ecosystem service for providing all we need, already distributed around the globe. 

The obstacles to change are not technical.  Rather they are in a lack of commitment to move in a 
new direction.  There is limited consensus on climate change as an issue for urgent action.  For 
example, in the US Congress, a recent Pew poll reports 48% of congress denies the reality of 
climate change as a result of human action. The issue is global in impact, and global in causation.  
Yet the jurisdiction for compelling effective action is fragmented, both within countries, and 
certainly across nations. Without a true reflection of the value of the earth’s ecosystem services, 
we have no effective signal to place a premium on environmental quality. So, for example, 
farmers using solar systems for irrigation save $5,000 per year in coal fired electricity costs.  
However, the low interest loan subsidy for solar systems on farms is disputed in the re-
authorization of the Farm Bill, opposed by the coal lobby.  The Marcellus Shale fields in much 
of the US offers a “new” domestic energy resource touted to be a “game changer’ and a base for 
new low cost manufacturing.  This is still a fossil fuel, and will defer attention to rue solutions. 

We need a new system of governance where we can use a public trust doctrine for resource 
management.  Te resources of the Earth are not owned by any individual private entity but re 
managed for the benefit of all.  We must prevent the “tragedy of the commons” on a global scale 
by appropriately ascribing value to the elements of our life support system.  We cannot continue 
to use the resources of  the living earth without understanding the natural laws that govern them. 
I  note the wisdom of the Navajo Nation: “we do not inherit the earth from our ancestors, we 
borrow it from our children.”  We must manage the resources of the earth for the long term 
benefit of all. 

We need to replace the linear Gross Domestic Product concept of economic growth based on 
consumption with a new concept of a dynamic equilibrium, based on sustainable re-use, 
renewable sources, and recycling. We must arrange our economic signals and our laws more in 
harmony with nature. 


