
When you are in deep trouble,  
Look ahead, 
Keep your mouth shut, 
And say nothing. 
 

 



To Think like an EcosystemTo Think like an Ecosystem
Carl HackerCarl Hacker

Management, Policy, and Community Health DivisionManagement, Policy, and Community Health Division
School of Public HealthSchool of Public Health

University of Texas Health Science CenterUniversity of Texas Health Science Center
Houston, Texas Houston, Texas 

ee--mail address:  mail address:  carl.s.hacker@uth.tmc.educarl.s.hacker@uth.tmc.edu
Web page url: Web page url: http://www.sph.uth.tmc.edu/course/maps/hacker/http://www.sph.uth.tmc.edu/course/maps/hacker/



To Think like an Ecosystem:To Think like an Ecosystem:

oror

ItIt’’s not nice to impose externalities s not nice to impose externalities 
on Mother Natureon Mother Nature



To Think like an Ecosystem:To Think like an Ecosystem:

An An externality externality is a secondary or is a secondary or 
unintended consequenceunintended consequence——

also called also called Social CostsSocial Costs
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What is a System?What is a System?

A A system system is a set of facts, principles, rules, etc., is a set of facts, principles, rules, etc., 
classified or arranged in a regular, orderly form, classified or arranged in a regular, orderly form, 
so as to show a logical plan linking the various   so as to show a logical plan linking the various   
parts.  parts.  



How would an Environmentally Responsible Organization How would an Environmentally Responsible Organization 

Make a Cup of Coffee?Make a Cup of Coffee?

It might first examine the making of a cup of coffee It might first examine the making of a cup of coffee 
as a as a system.system.



How would an Environmentally Responsible Organization How would an Environmentally Responsible Organization 
Make a Cup of Coffee? Make a Cup of Coffee? 

What set of facts, principles, rules, etc., can be What set of facts, principles, rules, etc., can be 
classified or arranged in a regular, orderly form, classified or arranged in a regular, orderly form, 
so as to show a logical plan linking the various   so as to show a logical plan linking the various   
parts of making a cup of coffee?  parts of making a cup of coffee?  





&



What service does a cup of coffee provide?What service does a cup of coffee provide?

A pickA pick--meme--up ?up ?

A pleasant taste & feel ?A pleasant taste & feel ?

A settling of my mood ?A settling of my mood ?

A psychological benefit ?A psychological benefit ?



What service does a cup of coffee provide?What service does a cup of coffee provide?

ComfortComfort
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What is an Ecosystem?What is an Ecosystem?

�� ““A community of organisms that interact with one A community of organisms that interact with one 
another and with the physical conditions and chemical another and with the physical conditions and chemical 
substances that characterize their environment.substances that characterize their environment.””
(Morgan, et al.) (Morgan, et al.) 



What is an Ecosystem?What is an Ecosystem?

The partsThe parts
�� Members of a biological community are classified as Members of a biological community are classified as 

either a either a producerproducer or a or a consumerconsumer ..

�� ProducersProducers are typically green plants.are typically green plants.

�� ConsumersConsumers are are herbivoresherbivores, , carnivorescarnivores, or , or omnivoresomnivores. . 

�� Food chainsFood chains or or food websfood webs can be constructed by can be constructed by 
noting who eats whom in a biological community.noting who eats whom in a biological community.



What is an Ecosystem?What is an Ecosystem?

The Flow of EnergyThe Flow of Energy
�� All All biological biological processes in an ecosystem run on processes in an ecosystem run on current solar income. current solar income. 

�� Solar energy is Solar energy is ““capturedcaptured”” by green plants through photosynthesis.  Green by green plants through photosynthesis.  Green 
plants comprise the 1plants comprise the 1stst Trophic Level in an ecosystem. Trophic Level in an ecosystem. About 1% of the solar About 1% of the solar 
energyenergy that impinges on the earth is captured in green plants.that impinges on the earth is captured in green plants.

�� Energy  then Energy  then ““flowsflows”” from this from this trophic leveltrophic level through subsequent trophic levels through subsequent trophic levels 
of an ecosystem. of an ecosystem. 

�� As energy flows from one tropic level to the next, some of that As energy flows from one tropic level to the next, some of that energy no energy no 
longer is capable of doing work.  This is a consequence of the 2longer is capable of doing work.  This is a consequence of the 2ndnd Law of Law of 
Thermodynamics.Thermodynamics.
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The Path of Energy Flow: Who Eats Whom in Ecosystem s



�� Energy cannot be created or destroyedEnergy cannot be created or destroyed
�� Law of ConservationLaw of Conservation

�� Energy tends to spread spontaneously Energy tends to spread spontaneously 
�� 2nd Law of Thermodynamics2nd Law of Thermodynamics



What is an Ecosystem?What is an Ecosystem?

The Cycling of MaterialsThe Cycling of Materials

�� Matter moves in biogeochemical cycles among Matter moves in biogeochemical cycles among 

�� The LithosphereThe Lithosphere

�� The HydrosphereThe Hydrosphere

�� The AtmosphereThe Atmosphere

�� The BiosphereThe Biosphere



Hydrosphere

Lithosphere

Atmosphere

Biosphere



Common chemical elements in living tissueCommon chemical elements in living tissue

Carbon Carbon 
OxygenOxygen
NitrogenNitrogen

PhosphorusPhosphorus
SulfurSulfur



Common chemical elements in living tissueCommon chemical elements in living tissue

These elements combine to make such These elements combine to make such 
components of protoplasm as:components of protoplasm as:

ProteinsProteins
CarbohydratesCarbohydrates

LipidsLipids
NucleotidesNucleotides



�� Matter is not created or destroyed; It merely is moved Matter is not created or destroyed; It merely is moved 
around.around.

�� Law of ConservationLaw of Conservation

�� Matter tends to spread spontaneously Matter tends to spread spontaneously 
�� 2nd Law of Thermodynamics2nd Law of Thermodynamics

�� Biological & economic value is in concentration and Biological & economic value is in concentration and 
structure of matterstructure of matter

�� QualityQuality
�� ConsumptionConsumption

�� Green cells are essentially the only net producer of Green cells are essentially the only net producer of 
concentration and structureconcentration and structure

�� PhotosynthesisPhotosynthesis



The making of a cotton shirtThe making of a cotton shirt



Principles of Natural SystemsPrinciples of Natural Systems

Biological Diversity  =  Ecological ResilienceBiological Diversity  =  Ecological Resilience

Processes Run on Current Solar IncomeProcesses Run on Current Solar Income

Waste = FoodWaste = Food
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Why should we Why should we thinkthink like an like an 
ecosystem?ecosystem?

So we can So we can BehaveBehave like an ecosystem!like an ecosystem!



Behaving like an EcosystemBehaving like an Ecosystem

Promotes and preserves the Promotes and preserves the ““servicesservices””
provided by ecosystemprovided by ecosystem



Value of Ecosystem ServicesValue of Ecosystem Services
�� Eco System Services  Value Eco System Services  Value (trillion $ US)(trillion $ US)

�� Soil formation   Soil formation   
17.117.1

�� Recreation                                                   Recreation                                                   
3.03.0

�� Nutrient cycling                                Nutrient cycling                                2.32.3

�� Water regulation and supplyWater regulation and supply 2.32.3

�� Climate regulation (temp. & precip.)Climate regulation (temp. & precip.) 1.81.8

�� HabitatHabitat 1.41.4

�� Flood and Storm ProtectionFlood and Storm Protection 1.11.1

�� Food and raw materials productionFood and raw materials production 0.80.8

�� Genetic resources   Genetic resources   0.80.8

�� Atmospheric gas balanceAtmospheric gas balance 0.70.7

�� PollinationPollination 0.40.4

�� All other servicesAll other services 1.61.6

�� Total Value of ecosystem servicesTotal Value of ecosystem services =    =    
33.333.3

What is it worth?What is it worth?



Behaving Like an Ecosystem Behaving Like an Ecosystem 

Supports acting  in an environmentally Supports acting  in an environmentally 
sustainable manner sustainable manner ----

One  that One  that ““MeetsMeets…… the needs of present the needs of present 
generations without compromising the ability of generations without compromising the ability of 
future generations to meet their own needsfuture generations to meet their own needs””

PresidentPresident ’’s Council on Sustainable Developments Council on Sustainable Development



Why must we Behave Like an Ecosystem?Why must we Behave Like an Ecosystem?



The FunnelThe Funnel

LIVING  SYSTEMS

POPULATION ~ AFFLUENCE ~ TECHNOLOGY



Natural Strategies Inc
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LIVING  SYSTEMS

POPULATION ~ AFFLUENCE ~ TECHNOLOGY



BLDI Environmental & Safety Management

Biological Evolution



BLDI Environmental & Safety Management

Reverse Evolution
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The Natural StepThe Natural Step

�� An Organization founded by KarlAn Organization founded by Karl--Henrik RobHenrik Robèèrtrt

The Natural Step provides a framework for The Natural Step provides a framework for decision decision 
makingmaking and and organizing environmental indicatorsorganizing environmental indicators to to 
be used by organizations wishing to behave in a be used by organizations wishing to behave in a 
manner that  will tend towards being environmentally manner that  will tend towards being environmentally 
sustainable. sustainable. 



The Natural Step EmphasizesThe Natural Step Emphasizes

Principles over DetailsPrinciples over Details

Shared FrameworkShared Framework

Common LanguageCommon Language

Focusing Focusing ‘‘upstreamupstream’’

NonNon--negotiable System Conditionsnegotiable System Conditions



This means: fossil fuels, metals and other minerals must not be extracted at a faster rate than 
their slow redeposit into the Earth’s crust.

System Condition #1System Condition #1

Substances from the Earth’s crust must not 
systematically increase in nature



System Condition #1System Condition #1



Atmospheric Concentration of Carbon Dioxide
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World Mean Temperature 1866-1998
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Chlorodifluoromethane methyl propyl ketone ALCOHOLS furaldehyde Chlorotrifluromethane methyl vinyl ketone 2-n-
butylfuran Dichlorofluoromethane ethyl vinyl ketonen ethanol 2-pentylfuran Chloromethane 2-pentanone isoproponal

benzofuran Trichlorofluoromethanemethyl pentanone x-furfuryl alcohol Dichloroethylene methyl hydrofuranone 
n-propoanl ALKANES (13) Freon  1132-methyl-3-hexanone 1-butanol ALKENES (11) Methylene chloride 4-
heptanone 1-pentanol ALKYNES (7) Chloroform 3-heptanone 1,1,1-trichloroethane2-heptanone carbon tetrachloride

methyl haptanone ETHERS cyclopentane trichlorothylene furyl methyl ketone dimethylether cyclohexane 
chloropentane octanone dihydropyran limonene dibromochloromethane acetaphenone ACIDS x-pinene 
tetrachloroethylene 2-nonanone campenedichloropropene alkylated lactoneacetic acid camphorchlorbenzene

phthalide decanoic acid iodopentane AROMATICS 3 methyl-1-idoubutane chloroethylbenzene
ISOMERS Sbenzene toluene dibromodichloromethane sulfur dioxide ethylbenzene

This means: substances must not be produced faster than they can be broken 
down and be reintegrated into the cycles of nature or be deposited in the Earth’s 
crust.

System Condition #System Condition #22

Substances produced by society must not Substances produced by society must not 
systematically increase in naturesystematically increase in nature





System Condition #3System Condition #3

The physical basis for the productivity and diversity The physical basis for the productivity and diversity 
of nature must not be systematically deterioratedof nature must not be systematically deteriorated

This means:  The productive surfaces of nature must not be diminished in quality, and we must 
not harvest more from nature than can be recreated or renewed





This means: basic human needs must be met with the most resource efficient methods 
possible, including equitable resource distribution

System Condition #4System Condition #4

There must be fair There must be fair 
and efficient use of and efficient use of 
resources with resources with 
respect to meeting respect to meeting 
human needshuman needs



�� 20% of the 20% of the 
population population 
consumesconsumes

�� 80% of its 80% of its 
resources!!resources!!



Four System ConditionsFour System Conditions
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Aldo Leopold’s Land Ethic
“A thing is right when it tends to 
preserve the integrity, stability and 

beauty of the biotic community.  It is 
wrong when it tends otherwise.”


