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Three Simple Things

Indicators of Turbulence in a Global Market Economy

The structure of circular / sustainable economies

Economic restoration



Turbulence (indicator of imbalance)

Extreme turbulence:   System control is lost, and risk of 

                                     significant aircraft damage is very high. 

                                                                   (Robert Johnson, Aviation Pilot) 

The bumpy feeling caused by an 

imbalance in the normal (smooth) airflow



Homelessness & 

Mental Anguish

Indicators of Imbalance

1/3 of topsoil in corn belt 

is gone

Housing , 
Healthcare,
Education,

& Food Costs

Air / Water Pollution

Supply

Decreasing 
groundwater 

levels
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 social & environmental problems 

without first resolving the structural flaws 

responsible for their 
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Productive Capacity & NDP
Increase when we use resources more efficiently

Putting Global-Scale Agriculture to the Test

Two  billion people  suffer moderate to 

severe food insecurity. (FAO/WHO. 2019)

Lower nutrient density  & nutrient 

diversity (Murphy et al, 2008; Brown, 2020)

Many countries suffering food insecurity are 

net exporters  of food (Lappé et al., 1998)

35% of food is wasted before reaching the plate. 
(Recycle Track Systems, 2023)

Conventional agriculture is òbetter, because it uses low impact, 

ôprecisionõ techniques that require less land, less energy, and 

fewer chemicalsó than before the Green Revolution. 

(Paarlberg, 2021. Harvard Sustainability Science Program)

Zero topsoil remains in ~33 million acres of U.S. corn belt

Thaler et al. 2021. The extent of soil loss across the US Corn Belt. PNAS, 118(8)



When considering 

the energy 

consumed to 

support our GDP, 

per person?

GEP = Gross Exaggeration of ProductivityGDP

Giordanengo, J.H. 2025. Ecosystems as Models for Restoring our Economies



Italian Culture
Å Regionalismo

Å Donõt like waste 

Å Enjoy crafting/creating

Social Environ.

Industrial



Diversity

Roylan 
Barrantes

Roylan 
Barrantes



Richness

Functional Redundancy

Seven Aspects of Diversity

Giordanengo, J.H. 2025. Ecosystems as Models for Restoring our Economies



Increased resilience

Higher net productivity

More efficient use of energy

Higher wages, employment & profitability

More even distribution of biomass (wealth)?

Greater human fulfillment?

Big Benefits of Diversity

Dissart, 2003; Felix, 2012; Templet, 1999; Tran, 2011. 



Exogenous
ÅFossil Fuels

ÅWind or Solar Power 
(when imported)

ÅBiofuels

ÅWind or Solar Power

ÅHuman Power

Endogenous
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What Happens When Energy is Transferred in?

Midolo et al., 2019; Soons et al., 2017



Q
u

a
d
ri
lli

o
n

 B
T

U
s

Energyõs Influence on Economic Diversity

300,000

700,000 5,000,000

The Great Economic Extinction Event



Energy Neutrality = Energy Sovereignty

No. Nations with Low or No Petroleum Reserves:   180
Energy Neutrality

Energy consumed = energy produced

Italy 
(2 years)

Sri Lanka
(< 1 year)

Salinas DG
(0 years)

High
 

Moderate

Low

Proven Oil Reserves
Millions of barrels (EIA, 2017) 

 





Foreign

Carry

Two Primeval Trade Rules

Bar-On et al. 2018. The biomass distribution on Earth. PNAS. 115 (25) 6506-6511

> 99% of Biomass is at the Base



The Balanced (Sustainable) Trade Pyramid

Retail
(foreign cons.)

Knowledge Services
(info. technology, education, government, 

health care, finance, consulting, etc.)

Raw Materials Extraction  (agriculture, forestry, mining, fisheries, etc.); 

Energy  Production  (renewables & fossil fuels); Waste -to -Resources

Manufacturing (food, appliances, cars, components, etc.);  

Construction & Utilities

Distribution (wholesale & retail supply chains) 
 

Retail 
(domestic consumers)



U.S. Trade Balloon

Balloon Courtesy of  Rky Mtn Balloon Rides

Carrying & 

Foreign Trades

Services, Retail & 

Wholesale, Gvt., etc. 

(82%)

Manufacturing 

(10%)

Agriculture (< 1%)

(< 0.5%)Recycling



RestorationEcological Succession
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Wealth Gap



Innovation òreturns on investmentó have declined since the 1970s 
(Paul Romer, Pulizer Prize economist)   

Economic Succession
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Early Middle Late

Late 
Succession 
Economy

Innovation, 
NDP growth, 
Competition, 
New business 
opportunities, 

etc.

Increase in Wealth Gap

Increase in Relative Poverty

Flat Real Wages

Declining GDP Growth (Per Capita) 




