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Motivation: Do Climate Accords Drive Carbon Emissions?
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Introduction: What is JUST2CE?

JUST2CE = A Just Transition to the Circular Economy

It is a EU-funded project proposing an alternative way to looking at
CE

Most projects have focused on how to produce circularity.
JUSTC2CE focuses on what (democracy, participation, gender,
global justice)

Two main milestones / deliverables linked with WP5:

a systematic review of current literature on macroeconomic
models for assessing the transition towards a CE
a formal model (or set of models) to simulate and compare
alternative CE policies and transition scenarios
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Systematic Literature Review
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Systematic Literature Review
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Citation Network of Ecological Macroeconomics
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Main Gaps Identified

Modelling of Rebound Effects Current modeling of changes
in demand, and consequently in environmental impacts,
associated with changes in prices, employment and disposable
income is limited.
Transitional Dynamics Most commonly used input-output
analysis is a static method.
Limited Coverage of Socio-Economic Aspects Only
employment is considered.
Technology Innovation and Diffusion + Assumptions in
Changes of Demand Lower-labor-cost technologies may be
preferred.
North-South, Core-Periphery Ecological Unequal Exchange
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The model: basic features

– Main tools in (theory-to-data) macroeconomics:

1) DSGE (and growth) models. Pros: mainstream tool, simple
story. Cons: too “small”, unique optimal equilibrium

2) CGE models (and IAMs). Pros: several variables,
cross-industry interdependencies. Cons: unique optimal
equilibrium

– Cross-breeding the two alternatives (Hardt and O’Neill 2017):

Leontief IO Models. Pros: several variables, cross-industry
interdependencies. Cons: static, no financial side
SFC Models. Pros: dynamics, finance. Cons: homogeneous
output
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Aim / Research Questions

– However, just a few papers use IO-SFC models, but none focuses on
CE:

Berg, Hartley and Richters (2015). A stock-flow consistent
input-output model with applications to energy price shocks,
interest rates, and heat emissions. New Journal of Physics.
Other contributions: Naqvi (2015), Valdecantos and Valentini
(2017), Jackson and Jackson (2021), Cordier et al. (2015),
Jackson et al. (2014)
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ECO-IO-SFC Model

a) Two-country macro frame taken from standard SFC models Godley
and Lavoie 2007):

Six Sectors households, production firms, government,
commercial banks, central bank
Four Assets cash, bank deposits, shares, and government bills
(+ advances)
Only loans to firms (no personal loans)
Fixed capital, but no inventories

b) Simple IO structure: 5 industries (manufacturing, agriculture,
services) + waste, recycling

c) Identification: calibration to target final demand components

d) Solution: numerical simulations (R code), 100 periods, 100
iterations
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Final Demand and Gross Output

Let us consider a 3 × 3 production. The final demand vector
is:

d =

β1
β2
β3

 · c +

ι1
ι2
ι3

 · id +

σ1
σ2
σ3

 · gov +

η1
η2
η3

 · exp (1)

The gross output vector is:

x = A·x+d = (I−A)−1 ·d, with : A =

a11 a12 a13
a21 a22 a23
a31 a32 a33

 (2)
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Government-led Transition to a Circular Economy

There is a tendency for current technical coefficients to converge to
target CE values over time:

aij = aij ,−1 + γA(g) · (a′ij ,−1 − aij ,−1) (3)


a11 a12 a13 0
a21 a22 a23 0
a31 a32 a33 0
0 0 0 0

 →


a′11 ≤ a11 a′12 ≤ a12 a′13 ≤ a13 a′14 ≥ 0
a′21 ≤ a21 a′22 ≤ a22 a′23 ≤ a23 a′24 ≥ 0
a′31 ≤ a31 a′32 ≤ a32 a′33 ≤ a33 a′34 ≥ 0
a′41 ≥ 0 a′42 ≥ 0 a′43 ≥ 0 0


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Balance Sheet

Households Firms Government Banks CentralBank

Money

Deposits

Loans

Area 1 bills

Area 2 bills

Area 1 shares

Area 2 shares

Capital stock

Net financial wealth
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Transaction-Flow Matrix

Households Firms Capital Government Banks CentralBank

Consumption

Investment

Government spending

Export of Area 1

Import of Area 1

Wage bill

Corporate profit

Amortization

CB profit

Income tax revenue

VAT revenue

Tariffs revenue

Interests on deposits

Interests on loans

Interests on Area 1 bills

Interests on Area 2 bills

Change in money stock

Change in deposits

Change in loans

Change in Area 1 bills

Change in Area 2 bills

Change in Area 1 shares

Change in Area 2 shares

0 25 50 75 1000 25 50 75 1000 25 50 75 1000 25 50 75 1000 25 50 75 1000 25 50 75 100

−2000−10000
10002000

−1000−5000
5001000

−4000
400

−200−1000
100200

−200−1000
100200

−2000−10000
10002000

−5000
5001000

−1000−5000
5001000

−40−200
2040

−800−4000
400800

−2−10
12

−4−20
24

−30−20−100
102030

−50
5

−50−250
25

−50
510

−1.0−0.50.00.51.0

−600−3000
300600

−1000
100

−1000
100

−500−2500
250500

−20−100
1020

−40
48

time

va
lue

area

Z1

Z2
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Multi-Region Input-Output

Agri Manufacturing Serv Waste Recyc C G FD I Exp Imp

Agriculture in Area 1

Manufacturing in Area 1

Services in Area 1

Waste manag. in Area 1

Recycling in Area 1

Agriculture in Area 2

Manufacturing in Area 2

Services in Area 2

Waste manag. in Area 2

Recycling in Area 2

 ~ Compensation of employees

 ~ G.O. surplus and mixed incomes

Output [row sum]

Output
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Calibration

Real Investment in Fixed Capital
(id)

Supply of Government Bills (Government Debt)
(b_s)

Total Real Consumption
(c)

Value Added
(va)

Gross Output
(go)

Intermediate Imports
(M_TOT_int)

Real Exports
(rex)

Real Imports
(imp)

Debt to GDP Ratio
(debt.gdp)

Final Demand in Real Terms
(fd)

Government Deficit
(gdef)

Government Spending
(g)

Real Investment in Fixed Capital
(id)

Supply of Government Bills (Government Debt)
(b_s)

Total Real Consumption
(c)

Value Added
(va)

Gross Output
(go)

Intermediate Imports
(M_TOT_int)

Real Exports
(rex)

Real Imports
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Debt to GDP Ratio
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Final Demand in Real Terms
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Government Spending
(g)
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Government and Central Bank

Tax Payments
(t)

VAT Revenue
(vat_rev)

Supply of Bills issued by EU to Domestic Households
(b_s_Z1)

Supply of Bills issued by RoW to Domestic Households
(b_s_Z2)

Supply of Cash Money
(h_s)

Supply of Government Bills (Government Debt)
(b_s)

Supply of RoW Bills to the Central Bank
(b_cb_s_Z2)

Government Deficit
(gdef)

Government Spending
(g)

Import Tariffs Revenue
(tar_rev)

Price of Reserves
(p_or)

Quantity of Reserves
(or)

Central Bank Advances: Supply
(a_s)

Central Bank Demand of RoW Bills
(b_cb_d_Z2)

Central Bank Holdings of Domestic Bills
(b_cb)

Central Bank Profits
(f_cb)

Debt to GDP Ratio
(debt.gdp)
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Shocks

Shock

Reduction in Consumption Level
Change in Consumption Composition towards Services
Product Life Time Extension
Higher Recycling Rate
Higher Propensity to Consume Green
Lower Extraction (or Conversion) Rate of Matter
Lower Discarding Rate of Socio-Economic Stock
Higher Renewable Energy Share
Higher Govt Spending towards Efficiency
More Selective Govt Spending towards Recycling Efficiency
More Progressive Taxation
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Reduction in Consumption Level

balance.of.payments

commercial.banks

ecological

govt.central.bank

households

investment

labor.market

portfolio.choices

production

−20000 −10000 0

Intermediate Imports (M_TOT_int)
Nominal Exports (nex)

Nominal Imports (nimp)
Current Account Balance (cab)

Financial Account Balance, Net of Official Transactions (kabp)
Trade Balance (tb)
Real Exports (rex)
Real Imports (imp)

Net Accumulation of Financial Assets (NAFA) (nafa)

Bank Loan Supply (ls)

Holdings of Bills (b_b)

Bank Deposit Supply (on Demand) (ms)

Socio−Economic Stock (kh)
Energy Required for Production (en)

Non−Renewable Energy (nen)
Waste (wa)

CO2 Concentration (Alternative Method) (co2_cum)
Renewable Energy (ren)

Production of Material Goods (x_mat)
Extraction of Matter (mat)

Annual CO2 Emissions (emis)
Annual CO2 Emissions (emis_j)

Recycled Matter (rec)

Central Bank Holdings of Domestic Bills (b_cb)
Supply of Bills issued by RoW to Domestic Households (b_s_Z2)

Tax Payments (t)
Central Bank Profits (f_cb)

Interest Payments (int_j)
Tax Payments (t_j)

Supply of Cash Money (h_s)
Government Deficit (gdef)

Supply of Bills issued by EU to Domestic Households (b_s_Z1)
Supply of Government Bills (Government Debt) (b_s)
Supply of RoW Bills to the Central Bank (b_cb_s_Z2)

Central Bank Demand of RoW Bills (b_cb_d_Z2)

Total Real Consumption (c)
Disposable Income (yd)

Worker Disposable Income (ydw)
Capitalist Disposable Income (ydc)

Net Household Wealth (v)

Corporate Demand for Bank Loans (lf)
Fixed Capital Stock (k)

Target Fixed Capital as Ratio to Output (kt)
Supply of Z1 Shares to Domestic Households (e_s_Z1)

Real Investment in Fixed Capital (id)
Amortization Funds (af)

Depreciation Allowance in Real Terms (da)
Dividends to Households (div)

Quantity of Shares Issued by Private Firms (e_s)
Supply of Z2 Shares to Domestic Households (e_s_Z2)

Employment (n)
Employment (n_j)

Labor Force (pop_j)
Female Employment (nf_j)

Wage Bill (wb)
Wage Bill (wb_j)

Domestic Private Demand for Bills from RoW (b_h_Z2)
Cash Held by Domestic Households (h_h)

Domestic Household Demand for Z2 Shares (e_h_Z2)
Domestic Household Demand for Z1 Shares (e_h_Z1)
Domestic Private Demand for Bills from EU (b_h_Z1)

Household Demand for Personal Loans (lh)
Domestic Households Demand for Deposits (mh)

Gross Output (go)
Nominal Output (y)

Value Added (va)
Final Demand in Real Terms (fd)

Net Income / Value Added (yn)
Real Output (x)

Potential Output (x_star)
Final Demand in Real Terms (d)

Value Added (va_j)
Corporate Profit (f_f)

area

Z1

Z2

sector

Manufacturing

Agriculture

Services

Waste

Recycling

aggregate

Shock−Baseline Difference, Last Period. Only Absolute Values Larger than 1

Shock: Reduction in Consumption Level
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Reduction in Consumption Level: Households



Introduction Literature Review Model Simulations

CE Transition
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CE Transition: Ecological Indicators
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Change by Shock, Difference

Z1 Z2

commercial.banks

ecological

govt.central.bank

households

investment

labor.market

portfolio.choices

production

−10000 0 10000 20000 −30000 −20000 −10000 0 10000 20000

Holdings of Bills (b_b)

Bank Loan Supply (ls)

Bank Deposit Supply (on Demand) (ms)

Energy Required for Production (en)
Non−Renewable Energy (nen)

Waste (wa)
CO2 Concentration (Alternative Method) (co2_cum)

Renewable Energy (ren)
Production of Material Goods (x_mat)

Extraction of Matter (mat)
Socio−Economic Stock (kh)

Central Bank Holdings of Domestic Bills (b_cb)
Supply of Bills issued by EU to Domestic Households (b_s_Z1)

Central Bank Demand of RoW Bills (b_cb_d_Z2)
Supply of RoW Bills to the Central Bank (b_cb_s_Z2)
Supply of Government Bills (Government Debt) (b_s)

Total Real Consumption (c)

Disposable Income (yd)

Capitalist Disposable Income (ydc)

Net Household Wealth (v)

Target Fixed Capital as Ratio to Output (kt)

Corporate Demand for Bank Loans (lf)

Fixed Capital Stock (k)

Dividends to Households (div)

Labor Force (pop_j)

Employment (n_j)

Female Employment (nf_j)

Employment (n)

Domestic Private Demand for Bills from EU (b_h_Z1)

Household Demand for Personal Loans (lh)

Domestic Households Demand for Deposits (mh)

Gross Output (go)
Nominal Output (y)

Final Demand in Real Terms (fd)
Value Added (va)

Net Income / Value Added (yn)
Real Output (x)

Potential Output (x_star)
Value Added (va_j)

Final Demand in Real Terms (d)

shock.name

Change in Consumption Composition towards Services Higher Govt Spending towards Efficiency Higher Recycling Rate

Higher Renewable Energy Share Lower Discarding Rate of Socio−Economic Stock Lower Extraction (or Conversion) Rate of Matter

More Progressive Taxation More Selective Govt Spending towards Recycling Efficiency Reduction in Consumption Level
sector

Manufacturing Agriculture

Services Recycling

aggregate

Only absolute values larger than 200 are shown.

Shock−Baseline Absolute Difference, Last Period by Shock
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Change by Shock, Percent

Z1 Z2

balance.of.payments

commercial.banks

ecological

govt.central.bank

households

investment

labor.market

portfolio.choices

production

−500 0 500 1000 −500 0 500 1000

Intermediate Imports (M_TOT_int)
Current Account Balance (cab)

Nominal Exports (nex)
Nominal Imports (nimp)

Real Exports (rex)
Real Imports (imp)
Trade Balance (tb)

Net Accumulation of Financial Assets (NAFA) (nafa)
Financial Account Balance, Net of Official Transactions (kabp)

Bank Loan Supply (ls)

Bank Deposit Supply (on Demand) (ms)

Holdings of Bills (b_b)

Bank Profit (f_b)

Transition Speed to Circular Economy (gamma_A)
Non−Renewable Energy (nen)
Annual CO2 Emissions (emis)

Energy Required for Production (en)
Recycled Matter (rec)

CO2 Concentration (Alternative Method) (co2_cum)
Waste (wa)

Renewable Energy (ren)
Socio−Economic Stock (kh)

Production of Material Goods (x_mat)
Extraction of Matter (mat)

Annual CO2 Emissions (emis_j)

Import Tariffs Revenue (tar_rev)Supply of RoW Bills to the Central Bank (b_cb_s_Z2)Central Bank Demand of RoW Bills (b_cb_d_Z2)Tax Payments (t)VAT Revenue (vat_rev)Central Bank Profits (f_cb)Central Bank Holdings of Domestic Bills (b_cb)Supply of Cash Money (h_s)Supply of Government Bills (Government Debt) (b_s)Supply of Bills issued by RoW to Domestic Households (b_s_Z2)Supply of Bills issued by EU to Domestic Households (b_s_Z1)Tax Payments (t_j)Government Deficit (gdef)Interest Payments (int_j)

Worker Disposable Income (ydw)

Total Real Consumption (c)

Disposable Income (yd)

Capitalist Disposable Income (ydc)

Net Household Wealth (v)

Corporate Demand for Bank Loans (lf)
Target Fixed Capital as Ratio to Output (kt)

Real Investment in Fixed Capital (id)
Fixed Capital Stock (k)

Amortization Funds (af)
Depreciation Allowance in Real Terms (da)

Supply of Z1 Shares to Domestic Households (e_s_Z1)
Quantity of Shares Issued by Private Firms (e_s)

Percentage Return Rate on Shares Issued by Private Firms (r_e)
Dividends to Households (div)

Supply of Z2 Shares to Domestic Households (e_s_Z2)

Wage Bill (wb)
Employment (n)

Labor Force (pop_j)
Female Employment (nf_j)

Wage Bill (wb_j)
Employment (n_j)

Cash Held by Domestic Households (h_h)
Domestic Household Demand for Z1 Shares (e_h_Z1)
Domestic Private Demand for Bills from EU (b_h_Z1)

Domestic Private Demand for Bills from RoW (b_h_Z2)
Domestic Household Demand for Z2 Shares (e_h_Z2)

Domestic Households Demand for Deposits (mh)
Household Demand for Personal Loans (lh)

Gross Output (go)
Nominal Output (y)

Final Demand in Real Terms (d)
Final Demand in Real Terms (fd)

Value Added (va)
Net Income / Value Added (yn)

Corporate Profit (f_f)
Value Added (va_j)

Potential Output (x_star)
Real Output (x)

shock.name

Change in Consumption Composition towards Services Higher Govt Spending towards Efficiency

Higher Recycling Rate Higher Renewable Energy Share

Lower Discarding Rate of Socio−Economic Stock Lower Extraction (or Conversion) Rate of Matter

More Progressive Taxation More Selective Govt Spending towards Recycling Efficiency

Reduction in Consumption Level

sector

Manufacturing Agriculture

Services Waste

Recycling aggregate

Shock−Baseline Percentage Difference, Last Period by Shock
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Thank you!

o.vallescodina@leeds.ac.uk
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