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Outline of the Presentation

. What is ecological macroeconomics?

. A classification of ecological macroeconomic models
. The IAM view of the future and blind-spot

. Budget consistent pathways and decoupling

. The stock-flow consistent input-output model

. Simulation results
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What is Ecological Macroeconomics?

Overarching objective
to investigate and promote transitions to
economies that deliver sustainable prosperity

Integration
of ecological economics and modern money theory
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(Hardt and O'Neill 2017)

Modelling Approaches in Ecological Macroeconomics

Analytical Models (6) — few equations, can be solved with analytical methods
Numerical Models (15) — many equations, computer-based simulations
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The IAM View of the Future
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Evolution and break down of global anthropogenic CO» emissions until 2100 from a
suite of Integrated Assessment Models (IAM). 2018 IPCC Special Report (Rogelj et al,
2018).
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The IAM Triple Blind-Spot

@ The visioning blind spot: Only scenarios assuming economic
growth examined.

@ The technology blind spot: Reliance on unproven negative
emissions technologies (NETs) to achieve emissions goals.

@ The CGE blind spot: A narrow (or non-existent) accounting of
money and financial sector representation. An incoherent
story about costs and investment impacts on GDP.

For example ...

“From where exactly these investment dollars are summoned is
outside the scope of our study, and for the most part beyond the
capability of the models employed” (McCollum et al, 2018)
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Budget Consistent Pathways
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Emissions trajectories assuming a range (400 - 1300 GtCO>) of values for the

remaining carbon budget, a rate of economic growth g = 0.02, and initial year
emissions E(0) = 37.5 GtCO, yr~!. Obtained from % = —E(0) - ele—n)t

Martin Sers, Peter Victor Macroecono

ics and Ecological Constraints



Key aspects of Decoupling
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Panel (a):For an initial budget of of B(0) = 520 GtCO», a rate of growth of g = 0.02,
and initial emissions of E(0) = 37.5, the plot displays the year of budget exhaustion te
(beginning at 2020) for a range of intensity declines r. Panel (b): For an assumed
initial budget of 520 GtCO; the plot displays rates of intensity reduction (re) that
correspond to the budget just being exhausted over an infinite time-horizon as a
function of rate of economic growth (g).
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Global CO, Intensities
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The Stock-Flow Consistent Input-Output Model (I)

In this dissertation | examine models constructed on fundamentally
different principles than those underpinning conventional IAMs.

@ Integration of stock-flow consistent and dynamic input-output
models in continuous time capturing electrification and energy
generation transitions.

@ A simple financial system.

@ Production and energy parameters calibrated via a normalized
life-cycle energy return on investment (EROI) approach.

@ Integration of BEAM and Energy Balance physical climate
Models
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Trajectories for the main model variables for Nordhaus damages (blue line), Weitzman
damages (orange line), and Dietz and Stern damages for A; = 0.3, and 2% growth in
government expenditures and energy consumption per annum.
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High Investment Rate
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Quasi Steady-State
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Climate System Uncertainty
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Simulation Year
Global Mean Surface Air Temperature pathways for the SFCIO-IAM model
parametrised to correspond to each of the 16 underlying CMIP5 AOGCM models.

Global Mean Surface Air Temperature (K)
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The Unorthodox Behavioural Assumptions Underlying

Intentional Degrowth

Ultimately, the degrowth scenario requires certain behavioural
assumptions that are somewhat unorthodox.

@ Final demands reduced via declining household and
government expenditures.

@ Firms construct a large amount of new capital despite
knowing future of declining demands.

@ Banks provide all the loans that are demanded despite being
aware that recipient sectors face long term degrowth.
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Main Findings

@ 1.5 Degree Pathways are possible to obtain across a variety of
growth assumptions assuming some negative emissions.

@ All such pathways imply investment in renewables (as a
fraction of GDP) and the electrification of end use at rates
many times higher than observed.

@ Degrowth requires relatively less stringent transition policies
but requires substantial long term reductions in consumption
and government expenditures.
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Select Country Level Intensities
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The Balance Sheet Matrix

Households Renewable Firms Fossil-Fuel Firms ~ Manufacturing  Banks Government X

Money Hh(t) 0 0 0 0 —H(t) 0
Deposits M(t) 0 0 0 —M(t) 0 0
Fixed Capital 0 KE(t) + KR (t) KF(t) KI(t) + KM(t) 0 0 K(t)
Loans 0 —LR(t) —LF —LM(¢) L(t) 0 0
Advances 0 0 0 0 —A(t) A(t) 0
Net Worth —V(t)* —VR(t) —VFF(t) —VM(t) 0 —VE(t)  K(t)

Figure: Balance Sheet Matrix
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Consumption
Government
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Inter-Industry
Interest Deposits
Interest Loans
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Loan Repayment
dMoney
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The Transactions Flow Matrix

Renewable Current  Renewable Capital Fossil Current ~ Fossil Capital  Manufacturing Current Manufacturing Capital Bank Current  Bank Capital Government ¥

(t)
GR()
—WBR(t)
0
0
213(1)

0
—rLR(t)
0
—ZgLR(t)
0

coco o

CFE(t) 0 M) 0 0 0 0
0 GFF(t) 0 GM(t) 0 0 0 ~G(t) 0
0 —WBFF (1) 0 —WBM(t) 0 0 0 0 0
0 0 0 0 0 0 0 T 0
—IR(t) 0 —IFF(t) 1(t) —M(t) 0 0 0 0
0 () 0 25(t) — 223(t) 0 0 0 0 0
0 0 0 0 0 —rM(t) 0 0 0
0 —rLFF (1) 0 —rLM(t) 0 ri(t) 0 0 0
0 0 0 0 0 —rA(t) 0 At) 0
ZgLR(t) ~ZeelFF(t)  ZprLFF(1) —ZuLM(t) ZyLM(t) 0 0 0 0

aH an
o 0 o ) o 7

" dt

a@ 0 ar 0 ar 0 -4 0 0
0 0 0 0 0 0 Ed % 9
0 0 0 0 0 0 0 0 0

Figure: Transactions Flow Matrix
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Key Model Non-Linearities (1): Grid Level EROI

@ The EROI of renewables at a storage balanced “grid” level is
given by Barnhart and friends as:

1- ¢(t) + n¢(t) (3)
1L né(t)
EROI ESOI

EROI,(t) =

@ The key parameter here is ¢(t) which is the fraction of
renewable energy generated that must be stored.

@ The model makes ¢(t) endogenous as an increasing function
of the ratio of renewable electricity produced to total
electricity consumed.
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Key Model Non-Linearities (ll): Fossil-Fuel EROI and

Extraction

@ The model includes endogenous FF EROI according to the
following simple rule:

EROI(t) = EROI(0) (‘28) (4)

@ Here S(t) denotes the stock of fossil-fuels at time t. Clearly
EROI declines with extraction.

1 5(0)

22(t) = Eroi(r) ~ EROI(0)S(7) (5)
dS  1XFF(1)
& =7 P (©)
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Key Model Non-Linearities (lll): Climate Feed-Backs

1
D(t)=1-— 7
(t) (L4+m T(t) + maT(t)?) + w3 T(t)0-6754 (7)
The climate damage D(t) is shared out between impacts on the ¢;
productivity terms and the depreciation terms the o; (i = R,F,M).

oi(t) = o1 + BD(t) (8)

while the climate damage modified productivity terms are given as:

¢i(T) = ¢i <'11—_Baa> (9)
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An Example Investment Equation

Investment in the model is treated rather simply in that each
sector builds additional capacity so as to equalize physical supply
and demand at a given normal price.

() = 1 (mog rek (1) — KE(2)) (10)
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The Dynamic Input-Output Matrix

Transitioning off of fossil-fuels in the models requires both a shift
in final demands away from fossil-fuels and a change in sectoral
technical coefficients.

0 0 Preg(£)kE (1)
XM(t)
AM) = | _ SO Pe[CFlrekf ()~ u(OkE (e +rekiu(o)]
EROI(0)-5(¢) XM(t)
0 0 ass

(11)
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The Differential-Equations Model Representation

Variable Name Symbol Differential Equation

Renewable Intermediate Capital k() k= iR — op( ()R (1)

Renewable Final Capital k(L) k‘f = ifH(t) — or(b)kF(1)

Fossil-Fuel Capital k(1) K =i (t) — op(t)RT (1)

Electrified Manufacturing Capital EM(1) RM = M) — o ()M (1)

Non-Electrified Manufacturing Capital & (f) KM = o (0RM (1)

Renewable Loans LAt) LE = Pm(t)[if'(t) + i%(t)] — Z,L"(t)
Fossil-Fuel Loans LE (1) L¥ = Pm(t)if' (t) — ZpL¥ (1)

Manufacturing Loans LM(1) LM = Pr(t)iM (t) — Zy LM (1)

Houschold Wealth Vi) V= WB() + rM(t) — C(t) — T(t)

Stock of Fossil-Fuels S(t) S=-XFt) Pt

Mass of Atmospheric C'O2 Ma(t) Moy = E(t) — ka(Ma(t) — A(t) - B(#)Mup(t))
Mass of Upper-Ocean CQO» Mp(t) A-U‘,,, = ka(Ma(t) — A(t) - Bif)Moup(t)) — ka (}_[HVU) — “'*T'(“)
Mass of Lower-Ocean COy Mi(t) My =ky (mﬁ,,,(t ) — Mo ’3)

Global-Average Surface Temperature — T'(1) CT = F(t) — AT — ~(T(t) — Tp(1))

Deep Ocean Temperature Tolt) CoTy = (T -Ty)

Tahle 1: State Variables and their Associated Differential Equations
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Sensitivities (I): Rate of Renewable Construction

Electrification
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Global Mean Surface Air Temperature (K)
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Trajectories of cumulative emissions, emissions per year, and global mean surface
temperature for a sensitivity analysis over the joint parameter space
A; € {0.006,0.075} and ofF € {0.03,0.12}, where A is the rate of renewable
capacity build out and a,\’\j,E is the rate of depreciation and decommissioning of the
non-electrified capital stock.
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Cumulative Emissions GtC02

Cumulative Emissions GtC02

880

860

840

820

800

780

%40

20

900

880

860

840

Sensitivities (II): Renewable Parameters

20 0 0 50 60 0 ]
Renewable EROI
(a)
00 02 04 06 08

Storage Fraction Upper Bound

(c)

Martin Sers, Peter Victor

Cumulative Emissions GtCO2

Grid EROI

860

855

850

B45

840

35

830

300
275
0
25
200
175

150

125

Storage Fraction Upper Bound
(d)

ics and Ecological Constraints

0 100 200 300 400 500 600 700
ESOI
(b)
00 02 04 06 08



Next Steps and Questions

@ Build a more realistic electric power sector model possibly
including a stylized circuit model and add transmission energy
losses.

@ Introduce more sophisticated financial sector behaviours and
additional financial entities.

@ Questions?
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