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RESEARCH QUESTION

To understand how energy/resource extraction are linked
with long-term economic outcomes, including the
accumulation of debt in the economy
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PROBLEM STATEMENT

Many economic models implicitly assume that
energy resources are not constraints on the

economy.

These energy-related constraints have to be
Introduced If we are to effectively understand long-
term debt and natural resource interactions.
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Goal: Merge “simple” Biophysical and “simple”
Economic/Finance Models

Biophysical Models Economic Models

Lotka-Volterra
(predator-prey)

Goodwin, 1967
“growth cycle”

v

Population & Resource
Dynamics
(agrarian societies)

Keen, 1995
Minsky “financial
instability hypothesis”

Keen, 2013
(with banking and debt-
financed investment)

(HANDY, WORLDS3 of
Limits to Growth)

Research Approach
Combine models: Link resource
consumption to debt, employment, and
output
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Biophysical Model: “THANDY”

A 4-variable thought-experiment model for interaction of
humans and nature developed on the concepts of the
Predator-Prey Model

i. Rate of change of commoner’s population
. Births - Deaths
dt” ¢

lii. Rate of change of nature available for extraction

d

7 =] Regeneration of Nature — Extraction of Nature by Commoners
Iv. Rate of change of wealth accumulated due to extraction of nature

d

EW & Extracted Nature — Consumption by the population

Source: Mothesharrei, S., Rivas, J. & Kalnay, E. 2014. Human and nature dynamics (HANDY): Modeling
inequality and use of resources in the collapse or sustainability of societies. Ecological Economics, 101, 90-102. 4
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Biophysical Model: “THANDY”

A sustainable steady state occurs if nature extraction is
equal to nature’s regeneration rate

o _ _ _ e Carryin
1 X, Egalitarian Society: Soft Landing to Optimal Equilibrium _'Capgcit?, of

1A the
population

(arrying
(Japacity

Population

Wealth
Nature

0.5 Xy
0.5
2%

0 A
)

0 100 200 300 400 500 600 700 800 900 1000
Time (Year)

(Mothesharrei, et al., 2014) 5
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Biophysical Model: “THANDY”

A high enough rate of extraction leads to total depletion
of nature and eventually a collapse in the population

1A
20 A

Na

The Wealth starts declining as
soon as the population goes
beyond it’s carrying capacity

Population
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Economic Model: “The Goodwin Model”

1. The Goodwin model is one of the first models that
described cyclical behavior of the economy.

2. Goodwin’s model describes the relationship between
employment and wages of national income.

3. Keen’s 1995 paper introduces debt in the Goodwin
model to address Minsky's idea of the Financial
Instability Hypothesis.
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Simulating the Goodwin Model (per keen 1995)

Goodwin Model assumes full capital utilization and

K

Leontief production function: Y = alL = ~

1. Output: Investments — Depreciation

2 Real Wages: Change in wages as a function of employment rate

3_ Labor Productivity: Exponential growth in labor productivity

4. POpUIation: Exponential growth in population
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Results from the Goodwin Model
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Merging “Goodwin Model” with “HANDY”

HANDY EQUATIONS
1

d
3. aW = 5%0 — Lp
GOODWIN E TIONS
I1
I

Instead of having the
total population
extracting nature and
generating wealth, we
just have the labor in
the merged model

_xc _ ﬁC‘xC o acxc \
1.

2 Sy=yyQ -y)-&) —
C /3.

Merged Equations

d

axhc — ,thxhc — pcXnc

9 = Yayn(y= ) — 840 @
d

~Wn =20 (Lyn YWh

ar _ o AKy)

dt - v )

Rate of
extraction of
nature as a
function of
investment

function

10
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The Idea behind the investment function in Keen
1995 was to incorporate Minsky’s idea of Financial
Instability Hypothesis

Investment is zero at and below zero profit, rising to
equal profits when the profit share is 10 percent, and
exceeding profits for higher profit shares
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The University of Texas at Austin

Merging “Goodwin Model” with "HANL

-

Y”

and “Debt”

HANDY EQUATIONS

1
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Simulating steady state in the merged model at a “low’
Interest rate “r=1.5%" and a “low” extraction rate of

J

nature “0”
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Debt Ratio (Debt/Output) increases
continuously for interest rate > 2%
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At “low” interest rate Nature reaches a stable
steady state (extraction = consumption)
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A “high enough” interest rate (e.g., r > 2%)

eventually causes financial instability and collapse
100 —
80
Higher r causes

8 earlier collapse
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Keen (1995) "Minsky model” shows
eventual instability at high interest rates
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A “very high” interest rate prohibits long-term Nature
extraction (leading to Population collapse)
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At “low” interest rate Population reaches a stable

steady state
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At “high” enough interest rate (> ~2%) Population
eventually collapses
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A “very high” interest rate prohibits long-term
resource extraction leading to Population collapse
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Population and Nature at a constant extraction rate: &
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Conclusions

1. The merged model maintains the characteristics of

both the biophysical and the economic/finance
model

2. Earlier collapse in population can be caused by 2
factors in the model

1. Higher (constant) interest rates
2. Higher rate of extraction

23
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Future Work

1. Introduce additional parameters as in Keen, 1995
1. Variable rate of Interests
2. Taxation

2. Introduce a bank/financial institution in the model (per
Keen, 2013) and classify debt into different types (e.g.,
household, firms, government)

3. Incorporate different production functions
1. E.g., Cobb-Douglas instead of Leontief

4. Include different types of Nature (or energy) resources
1. Fossil
2. Renewables from flows (e.g., solar insolation)

24
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Thank You

Questions?

Contact Detalls

Name: Harshit Jayaswal

Email: harshitjayaswal@utexas.edu
Phone:512-905-6585

Name: Carey W. King, PhD
Email: careyking@mail.utexas.edu
Phone: 512-471-5468



mailto:harshitjayaswal@utexas.edu
mailto:careyking@mail.utexas.edu

