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— Ecological macroeconomics has deep roots (Rezai and Stagl, 2016) ,
but early SFC models did not include the ecosystem.
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but early SFC models did not include the ecosystem.

— This gap started to close in the late 2010s (e.g. Jackson and Victor,
2015; Dafermos et al., 2017, 2018).

A E-IO-SFC PROTOTYPE MODEL FOR ITALY



INTRODUCTION ACCOUNTING EQUATIONS CALIBRATION EXPERIMENTS REMARKS
€000 000 00000000000000 0000 00000 [ee}

INTRODUCTION

— Ecological macroeconomics has deep roots (Rezai and Stagl, 2016) ,
but early SFC models did not include the ecosystem.

— This gap started to close in the late 2010s (e.g. Jackson and Victor,
2015; Dafermos et al., 2017, 2018).

— Ecological SFC models integrate:

A E-IO-SFC PROTOTYPE MODEL FOR ITALY



INTRODUCTION ACCOUNTING EQUATIONS CALIBRATION EXPERIMENTS REMARKS
€000 000 00000000000000 0000 00000 [ee}

INTRODUCTION

— Ecological macroeconomics has deep roots (Rezai and Stagl, 2016) ,
but early SFC models did not include the ecosystem.

— This gap started to close in the late 2010s (e.g. Jackson and Victor,
2015; Dafermos et al., 2017, 2018).

— Ecological SFC models integrate:
o Monetary stocks and flows (Godley and Lavoie, 2007).
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— Ecological macroeconomics has deep roots (Rezai and Stagl, 2016) ,
but early SFC models did not include the ecosystem.

— This gap started to close in the late 2010s (e.g. Jackson and Victor,
2015; Dafermos et al., 2017, 2018).

— Ecological SFC models integrate:

o Monetary stocks and flows (Godley and Lavoie, 2007).
o Physical stocks and flows (Georgescu-Roegen, 1971).
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INTRODUCTION

Ecological macroeconomics has deep roots (Rezai and Stagl, 2016) ,
but early SFC models did not include the ecosystem.

This gap started to close in the late 2010s (e.g. Jackson and Victor,
2015; Dafermos et al., 2017, 2018).

Ecological SFC models integrate:

o Monetary stocks and flows (Godley and Lavoie, 2007).
o Physical stocks and flows (Georgescu-Roegen, 1971).

Since then, several ECO-SFC models have been developed.
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— ECO-SFC models ensure full consistency across:
o Economic stocks and flows.

o Environmental stocks and flows.
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— ECO-SFC models ensure full consistency across:

o Economic stocks and flows.
o Environmental stocks and flows.

— They are widely used to:

o Simulate dynamic transitions.
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— They are widely used to:

o Simulate dynamic transitions.
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— ECO-SFC models ensure full consistency across:
o Economic stocks and flows.
o Environmental stocks and flows.

— They are widely used to:

o Simulate dynamic transitions.
o Test policy scenarios.
o Analyse economy-environment feedbacks.
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Wny ECO-SFC MoODELS MATTER

— ECO-SFC models ensure full consistency across:
o Economic stocks and flows.
o Environmental stocks and flows.

— They are widely used to:

o Simulate dynamic transitions.
o Test policy scenarios.
o Analyse economy-environment feedbacks.

— Main limitation: high aggregation, little inter-industry detail.
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— For many environmental applications, SFC alone is not enough.
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— For many environmental applications, SFC alone is not enough
— Hybrid 10-SFC models offer:

o Industrial granularity from 10 analysis.
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— For many environmental applications, SFC alone is not enough.

— Hybrid 10-SFC models offer:

o Industrial granularity from 10 analysis.
o Dynamic and financial coherence from SFC modelling.
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— For many environmental applications, SFC alone is not enough.
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o Industrial granularity from 10 analysis.
o Dynamic and financial coherence from SFC modelling.

— This approach supports analysis that is:
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— Hybrid 10-SFC models offer:

o Industrial granularity from 10 analysis.
o Dynamic and financial coherence from SFC modelling.

— This approach supports analysis that is:

o Empirically grounded.
o Dynamically rich.

A E-IO-SFC PROTOTYPE MODEL FOR ITALY



INTRODUCTION
fele] Yo}

ACCOUNTING
000

EQUATIONS
00000000000000

CALIBRATION
0000

Wny CoMmBINE IO AND SFC?

00000

REMARKS
[ee}

— For many environmental applications, SFC alone is not enough
— Hybrid 10-SFC models offer:

o Industrial granularity from 10 analysis.

o Dynamic and financial coherence from SFC modelling.
— This approach supports analysis that is:

o Empirically grounded.
o Dynamically rich.

— Refer to: Hardt and O'Neill (2017); Fevereiro et al. (2025);
Thomsen et al. (2025).
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— Despite growing interest, only a few prototype |O-SFC models exist.
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— Despite growing interest, only a few prototype |O-SFC models exist

Jackson and Jackson (2025); Pettena and Raberto (2025); Sala
2025).

— Examples include: Berg et al. (2015); Di Domenico et al. (2024);
(2026); Thomsen et al. (2025); Veronese Passarella (2023,
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— Despite growing interest, only a few prototype |O-SFC models exist.

— Examples include: Berg et al. (2015); Di Domenico et al. (2024);
Jackson and Jackson (2025); Pettena and Raberto (2025); Sala
2025).

(2026); Thomsen et al. (2025); Veronese Passarella (2023,
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— The reason: methodological complexity in integrating 10 and SFC

A E-IO-SFC PROTOTYPE MODEL FOR ITALY


https://github.com/marcoverpas/keynote_speech_Florence
https://github.com/marcoverpas/keynote_speech_Florence

INTRODUCTION
oooe

ACCOUNTING
[e]e]e}

EQUATIONS
00000000000000

CALIBRATION
0000

géggg\W\rs ggn\nu
STATE OF THE ART AND OPEN CHALLENGES

— Despite growing interest, only a few prototype |O-SFC models exist.

— Examples include: Berg et al. (2015); Di Domenico et al. (2024);
Jackson and Jackson (2025); Pettena and Raberto (2025); Sala
2025).

(2026); Thomsen et al. (2025); Veronese Passarella (2023,

frameworks.

— The reason: methodological complexity in integrating 10 and SFC

— Yet this integration is crucial to study economy-ecosystem
interactions in a coherent way.
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RECLASS. BALANCE-SHEET OF ITALY IN 2021
Workers Rentiers Firms Government Banks Central bank Foreign Total

Cash and reserves 130.44 70.24 0.00 0.00 10.82 -211.5 0.00 0.00

Deposits 1656.88 1355.62 0.00 0.00 -3012.50 0.00 0.00 0.00

Loans -572.61 -190.87 -871.9 0.00 1635.39 0.00 0.00 0.00

Advances 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

T-bills 34.99 198.27 0.00 -2678.4 1366.29 211.5 867.34 0.00

Domestic securities 686.26 6041.83 -6728.1 0.00 0.00 0.00 0.00 0.00

Foreign securities 0.00 867.34 0.00 0.00 0.00 0.00 -867.34 0.00

Capital stock 0.00 0.00 7600.00 0.00 0.00 0.00 0.00 7600.00

Net financial wealth -1935.96 -8342.43 0.00 2678.4 0.00 0.00 0.00 -7600.00

Total 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

(=) E E A

A E-IO-SFC PROTOTYPE MODEL FOR ITALY



INTRODUCTION ACCOUNTING EQUATIONS CALIBRATION EXPERIMENTS REMARKS
0000 0e0 00000000000000 0000 00000 [ee}

RECLASS. TRANSACTIONS-FLOW MATRIX IN 2021

Workers Rentiers Firms Government Banks Central bank Foreign Total
" Current _ Capital
Consumption ~407.94 62218 1030.12 0.00 0.00 0.00 0.00 0.00 0.00
Investment 0.00 0.00 357.21 -357.21 0.00 0.00 0.00 0.00 0.00
Government spending 0.00 0.00 394.72 0.00 -304.72 0.00 0.00 0.00 0.00
Export 0.00 0.00 582.19 0.00 0.00 0.00 0.00 -582.19 0.00
Import 0.00 0.00 -582.19 0.00 0.00 0.00 0.00 582.19 0.00
[Value added] [1782.05]
Wages 624.62 3288 -657.50 0.00 0.00 0.00 0.00 0.00 0.00
Deprec. / Amort. 0.00 0.00 -357.21 357.21 0.00 0.00 0.00 0.00 0.00
Firms profit 0.00 653.34 -653.34 0.00 0.00 0.00 0.00 0.00 0.00
Banks profit 0.00 38.19 0.00 0.00 0.00 -38.19 0.00 0.00 0.00
Tax revenue -218.74 -200.65 0.00 0.00 41939 0.00 0.00 0.00 0.00
Interests on reserves 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Interests on deposits 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Interests on loans -8.59 -2.86 -13.08 0.00 0.00 24.53 0.00 0.00 0.00
Interests on advances 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Interests on T-bills 035 1.98 0.00 0.00 -26.78 13.66 211 8.67 0.00
Interests on domestic sec.s 1029 90.63 -100.92 0.00 0.00 0.00 0.00 0.00 0.00
Interests on foreign sec.s 0.00 8.67 0.00 0.00 0.00 0.00 0.00 -8.67 0.00
Seigniorage income 0.00 0.00 0.00 0.00 211 0.00 -2.11 0.00 0.00
Change in cash and reserves 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Change in deposits 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Change in loans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Change in advances 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Change in T-bills 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Change in domestic sec.s 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Change in foreign sec.s 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
=] (=) = E E A
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SELECTED TECHNICAL COEFFICIENTS

Ind-1 Ind-2 Ind3 Ind-4 Ind.5 Ind_6 Ind.7 Ind-8 Ind-9 Ind-10 Ind-11 Ind.12

Ind-1  0.0368797 0.0000007 0.0000007 0.0000013 0.0000007  8.00e-07 0.0000000 6.00e-07 0.0140400 0.0326833 0.0158261 0.0027586
Ind-2  0.0000057 0.0693607 0.0000138 0.0000329 0.0000157 1.66e-05 0.0000521 1.13e-05 0.0121683 0.0023488 0.0002212 0.0012697
Ind-3  0.0000000 0.0000000 0.0148670 0.0000001 0.0000000 0.00e+00 0.0000000 1.00e-07 0.2234907 0.0207926 0.0250413 0.0018627
Ind-4  0.0000000 0.0000000 0.0000000 0.0204673 0.0000000 0.00e+00 0.0000001 0.00e+00 0.0002744 0.0005054 0.0003423 0.0009458
Ind5  0.0000000 0.0000000 0.0000000 0.0000000 0.0188265 0.00e+00 0.0000000 0.00e+00 0.0000000 0.0000000 0.0000000 0.0000000

Ind-6  0.0000012 0.0000027 0.0000029 0.0000069 0.0000033 3.50e-06 0.0000109 2.30e-06 0.0000031 0.0000045 0.0000028 0.0000003
Ind-7  0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.00e+00 0.0001791 0.00e-+00 0.0000000 0.0000000 0.0000000 0.0000000
Ind-8  0.0000010 0.0000024 0.0000023 0.0000048 0.0031689  2.90e-06 0.0000011 9.86e-05 0.0012323 0.0004455 0.0003160 0.0000758
Ind.9  0.0000002 0.0000005 0.0000005 0.0000021 0.0000007 ~5.00e-07 0.0000027  6.00e-07 0.0000523 0.0001243 0.0000024 0.0000138
Ind-10 0.0000014 0.0000040 0.0000037 0.0000080 0.0000041 4.80e-06 0.0000017 3.50e-06 0.0000048 0.0000323 0.0000049 0.0000026

Ind-11 0.0000009 0.0000025 0.0000023 0.0000052 0.0000026 2.90e-06 0.0000013  2.20e-06 0.0000030 0.0000058 0.0000036 0.0000007
Ind-12  0.0000032 0.0000080 0.0000079 0.0000169 0.0000087 9.90e-06 0.0000107  6.90e-06 0.0002764 0.0001950 0.0000705 0.0000342
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— Input-output relations

(1) Total output: x =[I — A]"!-d

(2) Domestic demand: d =3, - ¢y, + B, ¢, + L+ iy +gov+ X - ex
(3) GDP: Y, =p" - (x-[I = A]) —pl -4 -im
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(4) Price equation: p” = (wo )T +p" Ao poh
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(4) Price equation: p" = (wo )" +p" Ao puoh
(5) Capital amortisation coefficients: h = (1 + & - ¢)
(6) Mark-ups: pt = po + ptq - (x—1 — x*4)
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PRICE SETTING

— Unit prices and mark-ups

(4) Price equation: p" = (wo )" +p" Ao puoh
(5) Capital amortisation coefficients: h = (1 + & - ¢)
(6) Mark-ups: pt = po + ptq - (x—1 — x*4)

(7) Potential outputs: x* =x*; + ¢ - (x_1 — x*)

(8) Working-class consumer price index: p, =p’ - 3,

u}
8
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(9) Workers' disposable income:

YD,, = WB - (1 —w) + PAYM2 — PAYM. — T,
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(9) Workers' disposable income:
YD, = WB - (1 —w) + PAYMA — PAYML — T,,
(10) Net wealth: V,, = V,, 1+ YDy, — pu - C»
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— Income and consumption

(9) Workers' disposable income:
YD, = WB - (1 —w) + PAYMA — PAYML — T,,
(10) Net wealth: V,, = V,, 1+ YDy, — pu - C»

. . Vi
(11) Consumption function: ¢, = af + af - YDWPECGW +oy - e

(12) Personal loans: L, =L, _1-(1—0y)+ 6w - YDy
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(13) Target capital stock: k* = %
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(15) Depreciation: da =06 - k_;
(16)

16) Capital stock evolution: kK = k_1 + iy — da

— Firms' financial accounts

(17) Total profits: My = Y, — WB — AF — PAYME — PAYME
(18) Retained profits: I, =7 - Iy
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— Trade balance

(40) Exports: In(ex) =eg — €1 - /n( =) + €2 - In(yr)
(41) Imports: In(im) = vo — vy - In(5== )+ vy In (y )
(42) Domestic securities held by foreign sector:

Brow = Brow,fl — CAB + AQs

(1+7)-xr®
(1+7)

(44) Expected exchange rate: xr® = xr_; + ol - (xr* — xr_1)

(43) Nominal exchange rate: xr =
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— Trade balance

(40) Exports: In(ex) =eg — €1 - /n( =) + €2 - In(yr)
(41) Imports: In(im) = vo — vy - In(5== )+ vy In (y )
(42) Domestic securities held by foreign sector:
Brow - Brow,fl — CAB + AQS
(43) Nominal exchange rate: xr = %
(44) Expected exchange rate: xr® = xr_; + ol - (xr* — xr_1)
(45) Long-run exchange rate: xr* = xr*;, — o2, - CAB
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— Equations expressed in discrete time.

— System of difference equations solved simultaneously:

— Maximum of 100 iterations per period
— Tolerance level of 1 x 105

A E-IO-SFC PROTOTYPE MODEL FOR ITALY



INTRODUCTION ACCOUNTING EQUATIONS CALIBRATION EXPERIMENTS REMARKS
0000 000 00000000000000 €000 00000 [ee}

MODEL IMPLEMENTATION AND DATA

— Model implemented in an R environment.
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MODEL IMPLEMENTATION AND DATA

Model implemented in an R environment.

Equations expressed in discrete time.

System of difference equations solved simultaneously:
— Maximum of 100 iterations per period
— Tolerance level of 1 x 10~3
— Each period represents one year
— Simulations cover 30 periods

Macroeconomic data derived from Eurostat (2021, annual)

A E-IO-SFC PROTOTYPE MODEL FOR ITALY



INTRODUCTION ACCOUNTING EQUATIONS CALIBRATION EXPERIMENTS REMARKS
0000 000 00000000000000 €000 00000 [ee}

MODEL IMPLEMENTATION AND DATA

Model implemented in an R environment.

Equations expressed in discrete time.

System of difference equations solved simultaneously:

— Maximum of 100 iterations per period
— Tolerance level of 1 x 10~3

— Each period represents one year

— Simulations cover 30 periods

Macroeconomic data derived from Eurostat (2021, annual)

Industry-specific data derived from Exiobase (2021, annual),
including:
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System of difference equations solved simultaneously:

— Maximum of 100 iterations per period
— Tolerance level of 1 x 10~3

— Each period represents one year

— Simulations cover 30 periods

Macroeconomic data derived from Eurostat (2021, annual)

Industry-specific data derived from Exiobase (2021, annual),
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— Technical coefficients
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MODEL IMPLEMENTATION AND DATA

Model implemented in an R environment.

Equations expressed in discrete time.

System of difference equations solved simultaneously:

— Maximum of 100 iterations per period
— Tolerance level of 1 x 10~3

— Each period represents one year

— Simulations cover 30 periods

Macroeconomic data derived from Eurostat (2021, annual)

Industry-specific data derived from Exiobase (2021, annual),

including:
— Technical coefficients
— Labour coefficients, wage rates, mark-ups, capital-to-output ratios
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MODEL IMPLEMENTATION AND DATA

Model implemented in an R environment.

Equations expressed in discrete time.

System of difference equations solved simultaneously:

— Maximum of 100 iterations per period
— Tolerance level of 1 x 10~3

— Each period represents one year

— Simulations cover 30 periods

Macroeconomic data derived from Eurostat (2021, annual)

Industry-specific data derived from Exiobase (2021, annual),

including:
— Technical coefficients
— Labour coefficients, wage rates, mark-ups, capital-to-output ratios
— Demand shares and intermediate imports
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MODEL IMPLEMENTATION AND DATA

Model implemented in an R environment.

Equations expressed in discrete time.

System of difference equations solved simultaneously:
— Maximum of 100 iterations per period
— Tolerance level of 1 x 10~3
— Each period represents one year
— Simulations cover 30 periods

Macroeconomic data derived from Eurostat (2021, annual)

Industry-specific data derived from Exiobase (2021, annual),
including:

— Technical coefficients

— Labour coefficients, wage rates, mark-ups, capital-to-output ratios

— Demand shares and intermediate imports
— Greenhouse gas emissions coefficients
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CALIBRATION AND SOURCES

— Key coefficients calibrated to match observed data for the
Italian economy in 2021 (steady-state assumption):
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CALIBRATION AND SOURCES
— Key coefficients calibrated to match observed data for the

Italian economy in 2021 (steady-state assumption):
— Propensity to consume out of wealth
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CALIBRATION AND SOURCES

— Key coefficients calibrated to match observed data for the

Italian economy in 2021 (steady-state assumption):

— Propensity to consume out of wealth
— Loan repayment rate
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CALIBRATION AND SOURCES

— Key coefficients calibrated to match observed data for the

Italian economy in 2021 (steady-state assumption):

— Propensity to consume out of wealth
— Loan repayment rate
— Capital depreciation rate
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CALIBRATION AND SOURCES

— Key coefficients calibrated to match observed data for the

Italian economy in 2021 (steady-state assumption):
— Propensity to consume out of wealth
— Loan repayment rate
— Capital depreciation rate
— Actual reserve requirement ratio
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CALIBRATION AND SOURCES

— Key coefficients calibrated to match observed data for the

Italian economy in 2021 (steady-state assumption):

— Propensity to consume out of wealth
— Loan repayment rate

— Capital depreciation rate

— Actual reserve requirement ratio

— Average tax rate
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— Key coefficients calibrated to match observed data for the

Italian economy in 2021 (steady-state assumption):

— Propensity to consume out of wealth
— Loan repayment rate

— Capital depreciation rate

— Actual reserve requirement ratio

— Average tax rate

— Autonomous portfolio coefficients
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CALIBRATION AND SOURCES

— Key coefficients calibrated to match observed data for the

Italian economy in 2021 (steady-state assumption):

— Propensity to consume out of wealth
— Loan repayment rate

— Capital depreciation rate

— Actual reserve requirement ratio

— Average tax rate

— Autonomous portfolio coefficients

— Remaining parameters and exogenous variables sourced from
Canelli et al. (2022).
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CALIBRATION AND SOURCES

— Key coefficients calibrated to match observed data for the

Italian economy in 2021 (steady-state assumption):

— Propensity to consume out of wealth
— Loan repayment rate

— Capital depreciation rate

— Actual reserve requirement ratio

— Average tax rate

— Autonomous portfolio coefficients

— Remaining parameters and exogenous variables sourced from
Canelli et al. (2022).

— Unit prices normalised to one in 2021.
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— Steady state in 2021: DEF =0, CAB =0, C = YD.
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— Steady state in 2021: DEF =0, CAB=0, C = YD.
coefficients.

— Prices are unity in 2021, so that value coefficients equal technical
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BASELINE ASSUMPTIONS AND SHOCKS

— Steady state in 2021: DEF =0, CAB =0, C = YD.

— Prices are unity in 2021, so that value coefficients equal technical
coefficients.

— One industry — one technique — one product.
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BASELINE ASSUMPTIONS AND SHOCKS

Steady state in 2021: DEF =0, CAB =0, C = YD.

Prices are unity in 2021, so that value coefficients equal technical
coefficients.

— One industry — one technique — one product.

Alternative scenario: government spending (100 bn euros over
2025-2040).
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BASELINE ASSUMPTIONS AND SHOCKS

— Steady state in 2021: DEF =0, CAB =0, C = YD.

— Prices are unity in 2021, so that value coefficients equal technical
coefficients.

— One industry — one technique — one product.

— Alternative scenario: government spending (100 bn euros over
2025-2040).

— No targeted industries.
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BASELINE ASSUMPTIONS AND SHOCKS

— Steady state in 2021: DEF =0, CAB =0, C = YD.

— Prices are unity in 2021, so that value coefficients equal technical
coefficients.

— One industry — one technique — one product.

— Alternative scenario: government spending (100 bn euros over
2025-2040).

— No targeted industries.

— Smooth adjustment of spending.
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SELECTED VARIABLES AFTER THE SHOCK
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SELECTED VARIABLES AFTER THE SHOCK
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SELECTED VARIABLES AFTER

Real demand by industry
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SELECTED VARIABLES AFTER THE SHOCK

Total GHG emissions Unit prices by industry
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FINAL REMARKS

— The chosen calibration method has drawbacks. However, it is
simpler, quicker, and more reliable than more complex algorithms.
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FINAL REMARKS

— The chosen calibration method has drawbacks. However, it is
simpler, quicker, and more reliable than more complex algorithms.

— The model works smoothly and is watertight. However, 10 relations
must be carefully double-checked.
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FINAL REMARKS

— The chosen calibration method has drawbacks. However, it is
simpler, quicker, and more reliable than more complex algorithms.

— The model works smoothly and is watertight. However, 10 relations
must be carefully double-checked.

— Key message from early experiments: the transition takes time

(rebound) and is likely to have uneven effects on different social
groups.

A E-IO-SFC PROTOTYPE MODEL FOR ITALY



INTRODUCTION
0000

ACCOUNTING
000

EQUATIONS
00000000000000

CALIBRATION
0000

EXPERIMENTS
00000

REMARKS
oe

Thank you

Download this presentation from

www.marcopassarella.it
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