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e This study aims to develop an ecological Input Output Stock-flow consistent
(SFC) model based on the case of Colombia;
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e This study aims to develop an ecological Input Output Stock-flow consistent
(SFC) model based on the case of Colombia;

e We build upon Nalin et al. (2023) analysis of a Latin American economy
highly integrated into financial markets as we include a simplified
Input-Output structure;
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e This study aims to develop an ecological Input Output Stock-flow consistent
(SFC) model based on the case of Colombia;

e We build upon Nalin et al. (2023) analysis of a Latin American economy
highly integrated into financial markets as we include a simplified
Input-Output structure;

e Model parameters, initial values and technical coefficients are calibrated using
empirical data from DANE (2023);
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e This study aims to develop an ecological Input Output Stock-flow consistent
(SFC) model based on the case of Colombia;

e We build upon Nalin et al. (2023) analysis of a Latin American economy
highly integrated into financial markets as we include a simplified
Input-Output structure;

e Model parameters, initial values and technical coefficients are calibrated using
empirical data from DANE (2023);

e We provide an estimate of several scenarios that can affect the energy
transition.
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1 Stylized Facts

Selected key stylized facts for Colombia

Exportaciones

Importaciones
15.33%

53.00%

-27.21%

e

W A: Agricultura, ganadera, caza, silvicultura y pesca M B: Explotacién de minas y canteras y petroleo u C: Manufactura
1 D: Suministro de electricidad, gas, vapor y aire acondicionado M H: Transporte y almacenamiento
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Selected key stylized facts for Colombia

Formacién bruta de capital

W A: Agricultura, ganaderia, caza, silvicultura y pesca
m B: Explotacion de minas y canteras y petroleo
m C: Manufactura
= D: Suministro de electricidad, gas, vapor y aire
acondicionado

® H: Transporte y almacenamiento

M Otras Industrias
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Selected key stylized facts for Colombia

Empleo

Remuneracion de los asalariados

B A: Agricultura, ganaderia, caza, silviculturay pesca
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2 SFC approach for the energy transition of Colombia
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2 SFC approach for the energy transition of Colombia
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Empirical SFC models

2 SFC approach for the energy transition of Colombia
e Theoretical E-SFC models
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Empirical SFC models

2 SFC approach for the energy transition of Colombia
e Theoretical E-SFC models

— Stock-Flow-Fund models: Berg et al. (2015); Carnevali et al.
Dafermos/et al. (2017); Jaques et al. (2023) [...]

(2021);
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Empirical SFC models

2 SFC approach for the energy transition of Colombia

¢ Theoretical E-SFC models

— Stock-Flow-Fund models: Berg et al. (2015); Carnevali et al. (2021);
Dafermos/et al. (2017); Jaques et al. (2023) [...]

— Climate, energy transition risks and emissions in traditional SFC models: Dunz
et al. (2021); Monasterolo/Raberto (2018); Naqvi/Stockhammer (2018),
Passarella et al. (2022); Yajima (2023) and many others
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Empirical SFC models

2 SFC approach for the energy transition of Colombia

o Theoretical E-SFC models
— Stock-Flow-Fund models: Berg et al. (2015); Carnevali et al. (2021);
Dafermos/et al. (2017); Jaques et al. (2023) [...]
— Climate, energy transition risks and emissions in traditional SFC models: Dunz
et al. (2021); Monasterolo/Raberto (2018); Naqvi/Stockhammer (2018),
Passarella et al. (2022); Yajima (2023) and many others

o Theoretical IO-SFC models: Di Domenico (2021); Jackson/Jackson (2021);
Passarella (2021, 2022)
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2 SFC approach for the energy transition of Colombia

o Theoretical E-SFC models
— Stock-Flow-Fund models: Berg et al. (2015); Carnevali et al. (2021);
Dafermos/et al. (2017); Jaques et al. (2023) [...]
— Climate, energy transition risks and emissions in traditional SFC models: Dunz
et al. (2021); Monasterolo/Raberto (2018); Naqvi/Stockhammer (2018),
Passarella et al. (2022); Yajima (2023) and many others
o Theoretical IO-SFC models: Di Domenico (2021); Jackson/Jackson (2021);
Passarella (2021, 2022)

o Empirical models: D’Alessandro et al. - France (2020); Cieplinski et al. - Ttaly
(2021a; 2021b); Valdecantos - Argentina (2021) plus the many works by
Antoine Godine and coauthors from AFD
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SFC models for Latin America and the Caribbean

2 SFC approach for the energy transition of Colombia

I Brazil — | Kappes and Milan (2017) |
‘ Colombia '—b I Guevara (2017)

|
| Ecuador }—b ‘ Femandez (2017) |
|

| México )—p ‘ Nalin and Jayima (2017) a/

Valdecantos (2016) 2/
L atin America Nalin and Jayima (2017) a/
Argenting Bortz (2014
Michelana and Guaiita (2017) o/
Valdecantos (2020a/, 2021a/b/, 2022a/)

Bolivia — Campero (2018)

Brazil Barbosa (2001) o/

 Mazai (2013) &/
Growth models o

St and Siva (2020)
Morrones y Kappes (2022)

‘ CARICOM ’—b ‘ Pérez Caldentey (2009) /

Escobar (2016)
Cano Ortiz (2019)
Godin, Yilmaz, Guevara, Andrade, Barbosa,
Hernandez y Rojas (2023)

Colombia

Telechea (2009)
Pérez Caldentey and Rojas Rodriguez (2020) a/
Nalin, Pérez Caldentey and Rojas Rodriguez (2023) 2/
Nalin, Rojas Rodriguez, Pérez Caldentey, Alatorre and Yajima (2023) s/

Latin America
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The model presented includes the following

transmission mechanisms:
2 SFC approach for the energy transition of Colombia

e The positive correlation between exchange rate change and sovereign risk;
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) The model presented includes the following
transmission mechanisms:

2 SFC approach for the energy transition of Colombia

e The positive correlation between exchange rate change and sovereign risk;

e The causality running from sovereign risk to risk of the non-financial
corporate sector;
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The model presented includes the following

transmission mechanisms:
2 SFC approach for the energy transition of Colombia

e The positive correlation between exchange rate change and sovereign risk;
e The causality running from sovereign risk to risk of the non-financial
corporate sector;

o The relationship between nominal and real variables (non-financial corporate
sector):
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The model presented includes the following

transmission mechanisms:
2 SFC approach for the energy transition of Colombia

e The positive correlation between exchange rate change and sovereign risk;

e The causality running from sovereign risk to risk of the non-financial
corporate sector;

o The relationship between nominal and real variables (non-financial corporate
sector):

— Non-linear relationship between debt and investment;
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The model presented includes the following

transmission mechanisms:
2 SFC approach for the energy transition of Colombia

e The positive correlation between exchange rate change and sovereign risk;

e The causality running from sovereign risk to risk of the non-financial
corporate sector;

o The relationship between nominal and real variables (non-financial corporate
sector):

— Non-linear relationship between debt and investment;
— Negative relationship between exchange rate and investment;
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The model presented includes the following

transmission mechanisms:
2 SFC approach for the energy transition of Colombia

e The positive correlation between exchange rate change and sovereign risk;

e The causality running from sovereign risk to risk of the non-financial
corporate sector;
o The relationship between nominal and real variables (non-financial corporate
sector):
— Non-linear relationship between debt and investment;

— Negative relationship between exchange rate and investment;
— Balance sheet currency mismatches.
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The model presented includes the following

transmission mechanisms:
2 SFC approach for the energy transition of Colombia

The positive correlation between exchange rate change and sovereign risk;

The causality running from sovereign risk to risk of the non-financial
corporate sector;
The relationship between nominal and real variables (non-financial corporate
sector):

— Non-linear relationship between debt and investment;

— Negative relationship between exchange rate and investment;
— Balance sheet currency mismatches.

The positive correlation between valuation of sovereign debt issued in foreign
currency and in local currency;
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The model presented includes the following

transmission mechanisms:
2 SFC approach for the energy transition of Colombia

e The positive correlation between exchange rate change and sovereign risk;

e The causality running from sovereign risk to risk of the non-financial
corporate sector;
o The relationship between nominal and real variables (non-financial corporate
sector):
— Non-linear relationship between debt and investment;

— Negative relationship between exchange rate and investment;
— Balance sheet currency mismatches.

e The positive correlation between valuation of sovereign debt issued in foreign
currency and in local currency;

e The greater presence of inter-company loans in foreign direct investment flows.
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Model Structures

2 SFC approach for the energy transition of Colombia
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Model Structures

2 SFC approach for the energy transition of Colombia

We combine the macro-financial theoretical framework by Perez Caldentey et al.

Sectors:

(2022) and the ecological modeling of Carnevali et al. (2021) and Dafermos (2017)
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Model Structures

2 SFC approach for the energy transition of Colombia

We combine the macro-financial theoretical framework by Perez Caldentey et al.

(2022) and the ecological modeling of Carnevali et al. (2021) and Dafermos (2017)
Sectors:
I. Private sector;
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Model Structures

2 SFC approach for the energy transition of Colombia

We combine the macro-financial theoretical framework by Perez Caldentey et al.

(2022) and the ecological modeling of Carnevali et al. (2021) and Dafermos (2017)
Sectors:

I. Private sector;

II. Financial sector;
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Model Structures

2 SFC approach for the energy transition of Colombia

We combine the macro-financial theoretical framework by Perez Caldentey et al.

Sectors:
II. Financial sector;

(2022) and the ecological modeling of Carnevali et al. (2021) and Dafermos (2017)
I. Private sector;
III. Public sector;
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2 SFC approach for the energy transition of Colombia

We combine the macro-financial theoretical framework by Perez Caldentey et al.
(2022) and the ecological modeling of Carnevali et al. (2021) and Dafermos (2017).

Sectors:
I. Private sector;
II. Financial sector;
III. Public sector;
IV. Central Bank;
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2 SFC approach for the energy transition of Colombia

We combine the macro-financial theoretical framework by Perez Caldentey et al.
(2022) and the ecological modeling of Carnevali et al. (2021) and Dafermos (2017).

Sectors:
I. Private sector;

II. Financial sector;

III. Public sector;

IV. Central Bank;

V. Rest of the World (RoW).

o <5 =, =

Stylized Facts E-IO-SFC Baseline and Scenarios Appendix
00000 000085000000

0O0000000000000




= Levy Economics ©

Jmiwe =) Model Structures
2 SFC approach for the energy transition of Colombia

Financial assets:
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Model Structures

2 SFC approach for the energy transition of Colombia

Financial assets:
[. Public debt issued in domestic and foreign currency;
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Model Structures

2 SFC approach for the energy transition of Colombia

Financial assets:
[. Public debt issued in domestic and foreign currency;

II. Private debt issued in domestic and foreign currency;
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Model Structures

2 SFC approach for the energy transition of Colombia

Financial assets:
[. Public debt issued in domestic and foreign currency;

II. Private debt issued in domestic and foreign currency;
ITI. Debt issued by the RoW;
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2 SFC approach for the energy transition of Colombia

Financial assets:
[. Public debt issued in domestic and foreign currency;
II. Private debt issued in domestic and foreign currency;
ITI. Debt issued by the RoW;

IV. Bank loans to the private sector for investment and consumer credit;
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2 SFC approach for the energy transition of Colombia

Financial assets:
[. Public debt issued in domestic and foreign currency;
II. Private debt issued in domestic and foreign currency;
ITI. Debt issued by the RoW;

IV. Bank loans to the private sector for investment and consumer credit;
V. Public and private deposits;
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Model Structures

2 SFC approach for the energy transition of Colombia

>

Financial assets:
[. Public debt issued in domestic and foreign currency;
II. Private debt issued in domestic and foreign currency;
ITI. Debt issued by the RoW;

IV. Bank loans to the private sector for investment and consumer credit;
V. Public and private deposits;

VI. Loans from the RoW borrowed by the domestic financial sector;
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A 2 SFC approach for the energy transition of Colombia

Financial assets:
[. Public debt issued in domestic and foreign currency;

II. Private debt issued in domestic and foreign currency;

ITI. Debt issued by the RoW;

IV. Bank loans to the private sector for investment and consumer credit;

V. Public and private deposits;

VI. Loans from the RoW borrowed by the domestic financial sector;
VII. Cash.
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Features of the model:

[m]

Stylized Facts E-IO-SFC Baseline and Scenarios

00000 000000800000 0O0000000000000

=




Fo3 miiTial

ikl
= Levy Economics ©
Institute
__of Bard College
~_—

Model Structures

2 SFC approach for the energy transition of Colombia

Features of the model:

I. 514 equations, 195 exogenous;
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Model Structures

2 SFC approach for the energy transition of Colombia

Features of the model:
I. 514 equations, 195 exogenous;

IT. Fully calibarted using DANE, BANREP , MinHacienda data;
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2 SFC approach for the energy transition of Colombia

Features of the model:
I. 514 equations, 195 exogenous;

IT. Fully calibarted using DANE, BANREP , MinHacienda data;

ITI. Prices are a function of technical coefficients, historical ULC and imported
inputs;
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2 SFC approach for the energy transition of Colombia

Features of the model:

I. 514 equations, 195 exogenous;
IT. Fully calibarted using DANE, BANREP , MinHacienda data;

ITI. Prices are a function of technical coefficients, historical ULC and imported
inputs;

IV. The observed series and the country’s fiscal institutions are replicated.
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Private Sector | Financial Sector | GovtSector | Central bank | ROW Py

Govt Bonds (domestic currency) +Bj +B?5 -BY +By. +BY,, |0

Govt Bonds (FX currency) +Bf,'g +B;5_(] B +B% .9 10

Private Debt -Dr +Df, +Dj +DVy, | 0

Priv Debt FX -D% +D%,, |0

Bonds ROW +Brow +B] 0w +Byov —Brov |0

Public Deposits +MI —M9 0

Consumption Credit —Cec +Cec 0

Advances —Als +ASs 0

Loans 7L£5 +L£5 0

Loans (FX) —L?’;’“‘ +LH};°”" 0

Private Deposits +MP —MP 0

High power money +HP —HI*® +Hb 0

Capital +K +K

Dy 0 0 0 0 0 0

o = = E E 9DaA¢
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Production | Private Sector Financial Sector GoviSector Central bank ROW T
Surrent Capttal | Current Capital | Current _ Capital | Current Capital
Consumption E 0
Investment -1+ 0
Government Spending Gy 0
Imports —IM s o
Exports +X X 0
[GDP| Y] Y] 0
Totorost Govt Bonds (domestic currcicy) Fint] VT, e e, 0
o Govt Bond currency) pint3e pint},g ints 0
Private Debt —int? intly, +int} 0
Priv Debt FX intr 0
Bonds ROW intgoe int intge 0
Public Deposits it 0
Private deposits +intfs,, —intf,. 0
Consumption Credit intc? pintd, 0
Advances it inttl 0
Loans —int'p int? 0
Loans (FX) —int** w0
Financial gains(dividends) +F — fr— fde +FBY —FB* 0
[GrossNational Income] [GNIps] GNIrs [ONIgs] [oN1)
Taxes =1 = I 0
Savings Ses] [Ses] Spows] |0
Capital K
Taventorics STV N
Covt Bonds (domestic currency) ~AB] ~XET, TAE ~RB] | B, |0
Govt Bonds (FX currency) —aBy —anly +ABS “aBS.g|0
Private Debt D —AD}, -ADy —ang, |0
Priv Debt FX +ADS —AD, |0
Bonds ROW —AB ~ABj,ow —apge | ape o
Public Deposits —ane N 0
Consumption Credit +ACe 0
dvances —aan 0
s ALl
(FX)
Private Deposits —aMe
High power money +Am? Al 0
P 0 [ 0 T [ [ [ T T 0

A (v

IS

O
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L 2 SFC approach for the energy transition of Colombia
Material balance Energy balance
Inputs
Extracted matter +matigtam + Matrow
Renewable energy +eriatam + €Trow
Non-renewable energy +cenjatam + C€Nrow +enjatam + ENrow
Oxygen +021atam + 02row
Outputs
Industrial CO2 emissions —(emisigtam + €MiSrow)
Waste —(waiatam + Warow)
Dissipated energy —(ediatam + edrow)
Change in socio-economic stock —(Ak/2tem  AErow)
Total 0 0
o =) = = z 9ace
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= 2 SFC approach for the energy transition of Colombia

Global material Global non-renewable Global atmospheric Global socio-
reserves energy reserves CO2 concentration economic stock
i X % = < : Tat oW
Opening stock FhGatam,(-1)) F EGow, (1)1 ThGatam, (1)) T Klrow,-1))  F€02(at,(~1)) FheZ 1) + Kloei-1y)
Additions to stock
Resources converted into reserves Feonvpy, + convry, Feonvl,m + convy,,
CO2 emissions EMiSiatam + €MiS] + eMmisyoy
Production of material goods Ty
Reductions of stock
Extraction/ use of matter/ energy  —(matjatam + mat,ow) —(enpow + €Niatam)
Net transfer to oceans/biosphere (Phiri-1) % c02q4(—1) + phia1 % c02yp( 1)
Destruction of socio-economic stock —(disiatam + disrow)
i ¥ ¥ . o G o 1B
Closing stock Fhiam + Kl ow Hh{atam) + Flrow,) +c02(ar,) +kg, + kg,
=] 5 = = E DA
Stylized Facts E-IO-SFC Baseline and Scenarios Appendix
00000 000000000080 0O0000000000000 00000000



= Levy Economics ©

Institute Input Output Table

of Bard College
= 2 SFC approach for the energy transition of Colombia

i B: C: D: it Other Total Final Final Gross Exports Imports Total

Agriculture, Mining, ~ Manufacturing Electricity, ~ Transport Industries Intermediate ~Consumption Consumption capital

livestock,  quarrying, gas, steam & Storage jon  Expendi 2 iture  formation

hunting, petroleum and air (Households  (Government)

forestry conditioning and NPIs)

and supply

fishing
A Agriculture, livestock,  Xoq X oo X Xan pow 1C, C. G . X. M, Y,
hunting, forestry and fishing
B: Mining and quarrying  Xp, Xu X X Xon Xt i, [ G, I, X, M, Y,
and petroleum
C: Manufacturing Xea po Xee Xed Xen Neet 1C. C. G. I, X. M, Y.
D: Electricity, gas, steam  Xgq Xap oo X Xan Xaot 10y Cq Gy Iy Xy My Yy
and air conditioning supply
H: Transport & Storage Xna X X Xna Xin Xiet 1, Gy Gy, I, X, My, Y
Other Industries Xeta Ket Kete Keta Ketn Ketet 1Ce Cet Ger Lt Xet Mt Yer
Value Added VA, VA, VA, VA VA, VA
Remuneration of employees W, W, W, Wy W Wt
Taxes minus subsidies T, T T, T T T
on production and import
Gross operating surplus 1, 1, i 1, 1, I
and Mixed Income
Total Ya Y, Y, 7 7 Yo

o = = E A

Stylized Facts E-IO-SFC Baseline and Scenarios Appendix

00000 0000000000 0e 0O0000000000000 00000000



BT -

o Levy Economics
¥4 Table of Contents

Institute
3 Baseline Results and scenario analysis

of Bard College

» Baseline Results and scenario analysis



= Levy Economics ©

Institute
of Bard College

Model Dependecy Graph

3 Baseline Results and scenario analysis

Stylized Facts

00000

E-IO-SFC

000000000000

necus
Dashed ines indcate the
of lgsfeads

presence|

o ormeve |
=]

=
Baseline and Scenarios
0e000000000000



= Levy Economics ©

niiee | Baseline and observed variables

of Bard College
~— 3 Baseline Results and scenario analysis

1,600 20
- / 200 /-
1,200 / )
1,000 e 180 ,//
- 7
800 / 120 //
= = o
400 mi— ot
200 — —_—
[ [
0 02 02 06 08 10 12 14 16 18 20 2 0 02 04 06 08 120 12 14 16 18 20 2
— produco obsenado — Gaswossenaco
— producto escenario base — Gastoescenariobase
1,200 350

400 — —
— 100 <
0= 50 //
B 0 02 04 06 08 10 12 14 16 18 20 22 ° 0 02 04 06 08 10 12 14 16 18 20 22
— conmobande — v sbmado
B e T venoremeiobuse
=] 5 = = E DA

Stylized Facts E-IO-SFC Baseline and Scenarios Appendix
00000 000000000000 0000000000000 00000000



1 mn

o Levy Economics © .
e~ ) Scenarios Analyzed
—~ 3 Baseline Results and scenario analysis
[m] 5 = =
Stylized Facts E-IO-SFC Baseline and Scenarios .

00000 000000000000 000@0000000000 o]



= Levy Economics ©

Institute

of Bard College
~

Scenarios Analyzed

3 Baseline Results and scenario analysis

We assess eight scenarios resulting from a combination of three type

of shocks:
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Scenarios Analyzed

3 Baseline Results and scenario analysis

We assess eight scenarios resulting from a combination of three type of shocks
I. The implementation (or the lack of) of industrial policy;
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3 Baseline Results and scenario analysis

We assess eight scenarios resulting from a combination of three type of shocks:

I. The implementation (or the lack of) of industrial policy;
II. The arising (or lack of) of supply constraints for the oil industry;
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3 Baseline Results and scenario analysis

We assess eight scenarios resulting from a combination of three type of shocks:
I. The implementation (or the lack of) of industrial policy;
II. The arising (or lack of) of supply constraints for the oil industry;

III. The reduction (or constancy) in demand for oil products from the Rest of the
world.
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I. The implementation (or the lack of) of industrial policy

Stylized Facts E-IO-SFC Baseline and Scenarios Appendix
00000 000000000000 000080000000 00 00000000



5! m ﬂ’ A o |

m ﬁ
Levy Economics &
stitute )

i, We assess eight scenarios resulting from a

combination of three type of shocks:

3 Baseline Results and scenario analysis

I. The implementation (or the lack of) of industrial policy

1. Structural change policies: fiscal expansion affects directly the technical
condition of productlon such that Z 1 Qict > Z 1 @i and
Zjﬁzl Acjt > ijl acj , the speed of convergence being in turn a function of
the sectoral government expenditure in accordance with Passarella et al.

(2024);
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3 Baseline Results and scenario analysis

I. The implementation (or the lack of) of industrial policy

1. Structural change policies: fiscal expansion affects directly the technical
condition of production such that Z?:1 Qict > Z?:l a;e. and
Z]ﬁ‘:l Acjt > 236‘:1 acj , the speed of convergence being in turn a function of
the sectoral government expenditure in accordance with Passarella et al.
(2024);

2. Improvement of the income elasticity ratio: technological policies improving
both the income elasticity of exports and reducing the income elasticity of
imports (Porcile and Yajima, 2019).
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We assess eight scenarios resulting from a
combination of three type of shocks:

3 Baseline Results and scenario analysis

II. The arising (or lack of) of supply constraints for the oil industry
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3 Baseline Results and scenario analysis

II. The arising (or lack of) of supply constraints for the oil industry

1. Structural change feedbacks: technical coefficients of the Mining and
quarrying and petroleum industry (a;, ap;) become function of the growth
rate of material resources;
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3 Baseline Results and scenario analysis

II. The arising (or lack of) of supply constraints for the oil industry

1. Structural change feedbacks: technical coefficients of the Mining and
quarrying and petroleum industry (a;, ap;) become function of the growth
rate of material resources;

2. Deterioration of the income elasticity ratio: decrease (increase) of the income
elasticity of export (import) magnifies the supply side restrictions as the rest
of the world steadily decouples from oil consumption.
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3 Baseline Results and scenario analysis

III. The reduction (or constancy) in demand for oil products from the Rest of the world
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i, We assess eight scenarios resulting from a

combination of three type of shocks:

3 Baseline Results and scenario analysis

III. The reduction (or constancy) in demand for oil products from the Rest of the world

1. The growth rate of the rest of the world shrinks steadily;
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3 Baseline Results and scenario analysis

III. The reduction (or constancy) in demand for oil products from the Rest of the world
1. The growth rate of the rest of the world shrinks steadily;

2. The composition of the export basket shift away from Mining and quarrying
and petroleum towards Manufacturing goods.
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3 Baseline Results and scenario analysis

Stable RoW Demand 1
Stable Oil Supply
Decreasing RoW Demand 2
[~ NoIndustrial Policies
[ Stable RoW Demand 3
Decreasing Oil Supply Decreasing RoW Demand a
BAU —= [ Stable RoW Demand
Stable Oil Supply —
Decreasing RoW Demand 6
— Industrial Policies r Stable RoW Demand
Decreasing Oil Supply =
Decreasing RoW Demand
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851
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GDP Growth - Emission Intensity - 2050

3 Baseline Results and scenario analysis

850 =
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e Scenarios where domestic
supply is stable (5, 2, 6, 1),
are related to a better
balance in the current
account.
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All in all, reindustrialization scenarios with stable oil supply yield better results (5, 2, 6)
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Conclusions

3 Baseline Results and scenario analysis

All in all, reindustrialization scenarios with stable oil supply yield better results (5, 2, 6)

Reindustrialization scenarios where domestic supply is stable, bring about higher growth and lower
emissions intensity (5, 6);
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Conclusions

3 Baseline Results and scenario analysis

All in all, reindustrialization scenarios with stable oil supply yield better results (5, 2, 6)
emissions intensity (5, 6);

Reindustrialization scenarios where domestic supply is stable, bring about higher growth and lower

Scenarios where domestic supply is stable, are related to a better current account balance (5, 2, 6, 1);
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Conclusions

3 Baseline Results and scenario analysis

All in all, reindustrialization scenarios with stable oil supply yield better results (5, 2, 6)

Reindustrialization scenarios where domestic supply is stable, bring about higher growth and lower
emissions intensity (5, 6);

Scenarios where domestic supply is stable, are related to a better current account balance (5, 2, 6, 1);

Scenarios with stable domestic supply outperform the ones in which domestic supply changes.
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Income Identities
Real Sales

ct itg+m
1. Spear = TZ

Real Consumption
2. Creal = Iﬁ
Real Inventories
3. MUpeq=Y —1_5
Real Investment
4. ipeqt= Zﬁ
Real public Spending

d. 9real= ﬁ
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Real disposable income

d
6. ydreal pzid

I. PRODUCTION
Total Production

7.y=01—-(DY+ ﬁy.dummy))‘(se + (in" —in_1))

Target Inventories

8. inT = ~.s°
FExpected Inventories

9. inv® = iNVs_1 + invy. (N —invs_q)
Expected Sales
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10. s*=SS .s_1+ (1 —SS) . AY 0w
Nominal Inventories

11. inv= inv ea*uc

II. PRIVATE SECTOR
Private sector: income and consumption
Households’ disposable income

12. yd" = WB + Fd, + intfsmm + rem

Remittances

13. rem = (Dummy+ opem) * ExY

14. remy, = Brem prem

15. remys = (1 - 5rem,h)<1 - eremvf)rem

o 5

Baseline and Scenarios

000000000000 0O0000000000000



Stylized Facts

1 mn

= Levy Economics ©

e = ) Model Equations
~ 4 Appendix

16. remey = (Orem,f)remy

Consumption

17. ¢ = aqeCcq1 4 agec_q * (1 + a3 * M
Sales

18. s=c+ i+ g+ (x—m)+rem
Ezpected Income
19. yd® = wd", + (1 —) yd",. 1+ AYyou)
Wealth
20. v = mm —cc
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Private sector: capital accumulation
Sales Price

21, peo=(1+m)* (Z?:1 aijp; +nipi + HUC), Yz € {a,b,c,d, h, et}
Sales Price

22. 7y = f(ue, um), VYV € {a,b,c,d, h,et}
Historical Unitary Cost (HUC)

23. HUC,=(1 — Ypue) *NUC + Ypue * N_1, Vx € {a,b,c,d, h,et}
Nominal Unitary Cost

24. NUC,=Y= vz ¢ {a,b,c,d, h,et}

T pr

Unitary Cost

25. UC,="LeMe) vy e {a,b,c,d, h, et}
x =] 5
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Wage Bill
26. WB, = W,.N,, Vz € {a,b,c,d, h,et}
Employment Level
27. Ny = Ny _y % (1+ AViow) + Q. (Ngc,,1 - N;{) , Vz € {a,becd h,et)
Employment Target
28. NI' = Ng_l + Q,, (Ay — gr), Vz e {a,b,c,d, h,et}
Productivity
29. pry =pry 1. (1 + gr — DZ) , Yz e{a,b,c,d, h,et}
Nominal Wage
30. Wy =Wy _1.(1+gr), Vze{a,b,ecd h,et}
oy @ o=
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Capital Accumulation

31. Ak, =iy — (dy + D¥).k_y, Yz € {a,b,c,d, h,et}

Private Investment

32. i, = ((dp + DF + A) .k_l) P+ ig—1.4c, Yz e{a,b,c,d h, et}
Confidence Index

33. i. = 0.m% 4+ 01.AYRow + 02.AY — d3.dummy

C’onfidence Index Sensibility to Expected profits

if 3£>0,6 0,55
34. 6 =
T
if 5:11_ 6 0,65

=} =
E-IO-SFC Baseline and Scenarios
000000000000 0O0000000000000



Stylized Facts E-IO-SFC

T

o Levy Economics © .
e = ) Model Equations
~ 4 Appendix

Confidence Index Sensibility to World growth rate

if Aygow >0 0,3
35. 01 =

if Ayrow <0 2,5

Confidence Index Sensibility to domestic growth rate
if Ay >0 0,3

36. 0o = .
if Ay <0 2,5

Ezpected Profits

37. ¢ = gl.% + (1 —¢1).Acembi_y

Constraint on Investment
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38. A=Ay — v (um_1 —um,) — vy (ue_1 — ue,)
39. 71 =70 if um_1 > um,; else v =0
40. v2 = 720 if ue_q > ue,; else y9 =0

41. um = %
Yir

Y
42. ue = v
43 Y* o k{ztam’,l'i'reclatam
’ M Mmuiatam
44. YV = kleatam,—}
E (1—etajqtam)epsilonigiam

Private Sector: retained and distributed profits
Private Sector’s profits before depreciation and tazes

45. Fp=F+ I}
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Firms Profits
46. Ffipm =c+ i+ g+ (x —m) — (int? + int?,, +int] ) — WDB + inv+
(int§) +int) px+ int)”") + (Dep, — CPy)
Firms’ profits after tazes
47. F = Fyipy — tax — depr
Households Profits
48. Fhog=WB —c+ z‘ntgfmp —intcy, +remy
Retained Profits
49. Fr =0.F
Retained Profits
50. Fd=(1-— Gfdc).th

=] 5
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Non-retained profits

51. Fdt = (1— Of).F

Profits distributed for consumption
52. Fdc = 0pq.. Fdt

Ezxcess Profits (retained profits not invest in capital)
53. F'rm = Fr —1 if Fr>i

Private Sector: retained and distributed profits

Private budget constraint (equivalent to total private debt issued in each period)
54. AD*=1+ inv — Fr

Total Private debt (local currency)
55. ADY°= §.4.AD"
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Bonds issued by firms (local currency)
56. ADP= §q.AD"®

Loans demanded by firms (local currency)
57. ALY = 6.4.AD"

58. CPy= 0.1,
59. Dop, = 6a,,.CPy
60. 64.,=0"

Bonds issued by firms (in local currency) held by the financial sector
61. ADE= min[AD} ;, ADP]

Bonds issued by firms (in local currency) held by RoW
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62. ADFow= ADP—ADg{

Total Private debt in foreign currency

63. AD®P= (1 -4 4).AD"

Private Sector: portfolio

Private Sector Demand for Gouvt bonds (local currency)

64. ABde: €1.Fy

Private Sector Demand Sensitivity for govt bonds (local currency)

1449\ 7b
65 €1 =€19 + €11 (1i7zre>

Private Sector Demand for gouvt bonds (foreign currency)

66. ABY | = e2. [y
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Private sector demand sensitivity for domestic bonds (foreign currency)

14498 Ops$
67 €2 = €20 + €21 (1_:;%)

Private sector demand for ROW bonds
68. AB " = e€3.Fy

Private sector demand sensitivity for ROW bonds

1 yTow UTC'LU
69. €3 = €39 + €31 ( 1—::‘% )

Private sector demand for Cash

70. AH) = (ABS, — ABY) + (ABY — ABY) E+ (ABjgw + ABy*Y) B+ Frn
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a. CENTRAL GOVERNMENT
Government: Taxes and Spending
Gout spending

7. G=G_1+gr?

Government spending growth rate
72. gry = @o + ©1.AY + @3.dummy
Taxes

73. T =460Y
Tax used for debt repayment
4. Ty = 01,.T
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Budget and debt supply
Public sector budget restriction

75. PSBR =G — T —inty, — inthy, +inty + intgy +—FB"
Gout Debt Supply (local currency)

76. AB= (. PSBR

Gout Debt Supply (foreign currency currency)

77. ABY = (1— (). PSBR

Gouvt Debt Supply to Financial Sector (Local Currency)
78. AB]ch = min[AB fsd,AB]

Gouvt Debt Supply to Private Sector (Local Currency)
79. AB) = min[(AB — AB?S), ABZd]

[m]
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Gouvt Debt Supply to ROW (Local Currency)
80. ABY,, = min [¢roy.(AB — AB?S — ABY), ABY,,J]
Gout Debt Supply to ROW (foreign currency)

. $
81. AB?S, = min [ABS, AB? |
Gout Debt Supply to Financial sector (foreign currency)
82. ABY, = minfss,. (ABS — ABgS, ), AB%]
Gout Debt Supply to Private Sector (Foreign Currency)
83. ABI® = min[(AB® — AB%, — ABS ), ABY)]
Gout deposits to financial sector

84. MY = public supervit
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b. CENTRAL BANK
Central Bank Profits

85. FBYP = int] + intjo" + mt9$ + mtafs int®
Central Bank’s profits not invested (after asset accumulation)
86. FB" = FB"? —afs — BY.E — B + MY

High power money supplied

87. H=—FB"™ si FB™ <0

Central bank target demand for domestic government bonds
8. BY = B (Ve (i%) — i) + i 7% )

Taylor’s Rule

89. ’L'Cb:ﬂ't‘i"b'gb*—f"ﬁl (7Tt—7T2k)+'l92 (Ayt—Ay:)—}‘ﬁg (et—g;f) -
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Potential Output

90. Ay; =5 years moving average y growth rate
Central Bank interest rate target

O1. §b* = 7w 4 (b

Currency volatility indicator

if sd.of E>3, 1
92. erish = if sd.of E<3, 0
if sd.of E> -3, -1

Public sector supply of bond to Central Bank

93. ABS = max[AB — AB§ —ABfw—AB§, B[]
RoW supply of debt to CB

000000000000
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94. AB?’W: —CAB + WFF+ BpPY.E — depreciationgrow
Public sector supply of bonds to Central Bank
95. ABY, = maxz[AB — AB?S - ABJ,, — ABj, BY%]
ROW supply of bonds to Central Bank
96. AB*" = —~CAB+WFF + Bp".E —deprow
Domestic Inflation

— [ Ars
97. T = <p51)
Public deposits to Central Bank
98. mmgy = —PSBR if PSBR <0

=] 5
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IV. FINANCIAL SECTOR

Financial Sector: profits and budget constraint
Financial sector’s pmﬁt

99. frs = mt? + mtfs + mtp + mt’}ow — mtfs . T mtcp — int®fs 4 intlP —
inttfs 4 + (CP; — Dcpd) +remy

Financial sector’s Budget constraint

100.

AFN§ = T+ABE +ABE+ADR +ADE +ABRY+ALE +ACCE — (1-ogrp) MP 1,
Financial sector’s retained profit

101. fres=iffsV¢s
Loans demanded by financial sector in foreign currency

=] 5
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—5,+.).AFN? .
102. ALf}Z‘)w = (@ f])E 7 where d4 s exogenous

Financial Sector’s Advances from Central Bank
103. AA/*=G,5,. AFNY,

Financial Credit supply (consumer credit and loans)
Deposits

104. mm =cc+ (fpog—cc) if  fhog—cc >0
Demand for consumer credit

105. Cch=cons+intcpg—fdc — wb—intfsym-+remy,
106. CCp¢p ZHCCDCPCCDCP

Supply of consumer credit

107. CcP=Cc}
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_ d
108. ALS = ALY

Financial sector’s portfolio

Loans supplied by financial sector to private sector (local currency)
Financial Proportion of assets bought by the financial sector
109. fafs :O'Rb.frfs

Financial Sector Demand for government bonds (local currency)
110. AB?s_d: €fy-fags

11 epy =€py0+ ey, (

Financial Sector Demand sensitivity for government bonds (local currency)
1479 )”fb
1+i9%

Stylized Facts
00000

E-IO-SFC

000000000000

Financial Sector Demand for government bonds (foreign currency)

=} =
Baseline and Scenarios
0O0000000000000



1 mn

= Levy Economics ©

e = ) Model Equations
~ 4 Appendix

$
112. ABf*Z,id =e€ypy-fags
Financial Sector Demand sensitivity for government bonds (foreign currency)

o 1+'9$ Tfpg
113 €f2 = €f20 + €f21 (W)

Financial Sector demand for ROW bonds
114. AB;?Z; = ef3.fafs
Financial Sector Demand sensitivity for ROW bonds

o 1+4r0w Ufrow
L5 €fg = €r3y + €134 ( T+ )

116. AD?s_d: €fy-fags
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Model Equations

Financial Sector Demand Sensitivity for govt bonds

_ 14iP )\ 7fd
€f4 =€fq01TC€fa1 (1+ig

V. EXTERNAL SECTOR
External sector: trade
Exports growth

117. Az = no . Y1, (TOT)"

row*

Imports growth
118. Am = 13 .o

(TOT)s
Real Exports
119. X =2x.p
Real Imports
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120. M = m.p;
Imports prices
121. X =xp

World Growth Rate

122. K"ow = Yrow-1+ 9Trow + Arow

Current Account

123. CAB=X — M — inthmw — z’nthFme — intflmw — intZFme +inty" + rem
Capital Account

124. KAB = AB,ow +AB?, + ADyo, +AD?  — AB™Y

External sector: portfolio
RoW Demand for Private Debt (local currency)

[m] 5 =
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125. AD?, = (1 — \).D”
ROW demand for Private Debt (foreign currency)
126. ADS, = AD%

RoW demand for Gouvt Debt (local currency)
127. ABY, = &.(YTO0)

128. &1 = &1, + &1, (%9 — %) + &1, AB® — &1y dummy
RoW demand for Gout Debt (foreign currency)
129. AB% = = ¢, Grow

row_d
130. & = &oy + &2, (1% — i¥) — &, dummy
RoW supply of debt

[m]
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131. AB™" = AB”™" + ABZ"“’ + AB;‘;“}

World Financial Flows (WFF)

132. WFF = AB%  + ABY, +AD® + ADP

RoW GDP

133. Y% = exogenous

International interest rate
134. i"°" = exogenous

Constraint on Investment RoW
135. Avow = Ao, row — Vrow (Wrow—1 — Wyou, ) — ¥2(Uerow, —1 — Uerou, +)
136. Vi.row = 110, row i f Wyow—1 > UMyou, 15 €lse Y1row = 0

137. Y2, row = 720, row if f UCrow, —1 > UCrow, 7} else Y2, row = 0:. -
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138. UMypow — Y*L
M, row

139. ueron = Y*L

E, row

140, iy = om0
S M, row MUrow
k:ow —1

141. YE*7 row (1 etamw)epszlonmw
VI. RISK PREMIUMS, INTEREST RATES, AND EXCHANGE RATE

Risk premiums

142. embi = g + €1. (%) + £9. (Brou;) + e3.AE + e4.dummy

143. cembi =
D$p+Dp $row
b0+ 01 (G )+ drembi+os () + 0s. + 3.dummy
o>« =, <=, =
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Interest rates

Gouvt Nominal Rate (domestic currency)

. . AB-ABY —ABY
144. 9 = "% + 7. ( e ;

Gouvt Nominal Rate (foreign currency)

145. %9 = 7w 4 8% where %9 = gogg + gongembig
Private Nominal Rate (domestic currency)

146. i? =19 + P, where @P = ph + o} Acembi,

Private Nominal Rate (foreign currency)

147. % = 89 1 %P, where %P = gogp+<p?p.Acembip

o
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Nominal Exchange Rate

Nominal Exchange Rate

148. E=E_1 + V. AE® + Yy AWFF*

Nominal exchange rate expectations(fundamentalist)

149. AE§ = g1 (B — EL)) + 0, AEMBI .y + g, ATOT
Nominal exchange rate expectations(chartist)

150. AES = o AE_1 + ey AEMBI 1 + )0, ATOT

Total Expectations

151. AE® = wp AE} +w.. AE;

Ezxchange Rate Target

152. ET =5 year Moving Average

[m]
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Stock: depreciation due to nominal exchange rate fluctuations
153. depreciation, = AE. BFW  + AE.BY  — AE. D

row—1

154. depreciationy = —AE. B$g
155. depreciation,q, = —AE. BEW + AE.B%
156. depreciationy, = AE. BROW_1

157. depreciation, = AE. BROW —|— AFE. st L AE.L%"“’
Damage Function

1
158. D =1 T 7Td3T<d3 1y 725 T35 C?) el 0

159. D* = fg.D fx € (0; 1)
160. D' = f,.D fi € (0; 1)
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161.

VII. THE ECOSYSTEM
I- MATERIAL RESOURCES AND RESERVES
Production of material goods in Latin America

162. ylatam = MUlatam * Yiatam

Production of material goods in Rest of the World

163. Y% = Mmurow * (Yrow)
Extraction of matter in Latin America

_ t
164. matigtam = yl’f}fam — TeClatam

Ezxtraction of matter in Rest of the World

— mat
165. mat,on = Yyowy — T€Crow

[m] 5 =
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Recycled socio-economic stock in Latin America
166. recigtam = Thoatam * diSiatam
Recycle d socio-economic stock in Rest of the World
167. reCrow = Thorow * diSpow
Discarded socio-economic stock in Latin America
168. diSiatam = MUiatam * (dp * k_1 + zetajatam * dClatam—1)
Discarded socio-economic stock in Rest of the World
169. disyow = Murow * ( Z€t@row * dCrow ;)

Stock of durable goods in Latin America

170. dclatam = dclatam—l + cons — (1‘ - m) — zetQatam * dclatam—l
Stock of durable goods in Rest of the World -
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171. dcgreen = dcrow_1 + (yr‘ow) + (55 - m) — zetapoy * dcrow_l
Socio-economic stock in Latin America
172. kfaetam = kselata'rrL,l + Ymatiaram — d’l:Slatam
Socio-economic stock in Rest of the World

173. kGw = Kserow_, T Ymatrow — diSrow

Waste generated by production activities in Latin America
174. wajatam = matiatam — d( lscftam)

Waste generated by production activities in Rest of the World
175, warow = matrew — d(k35,)

Stock of material reserves in Latin America

m _ 1m m
176. kigram = klatam(—l) + oVt — Matiatam

[m]
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Stock of material reserves in Rest of the World
177 k2, = kT

m
row(—1) T CONMVpoyy — matyow

Worldwide stock of material reserves
mo__ m m
178. K™ = ko + Klow
Material resources converted to reserves in Latin America
m — ; m m
179. convy),,.., = sigmagy, .., * T€S]qtam(—1)
Material resources converted to reserves in Rest of the World
m . . m m
180. conv,?,, = sigma,y,, * TS ouw(—1)
Stock of material resources in Latin America
m _ m o m
181. TCSlatam = Teslatam(—l) CONVatam

Stock of material resources in Rest of the World

[m]
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m — m m
182. resy, = TS ouw(—1) ~ COMVrow
Worldwide stock of material resources
mo o m m
183. res™ = resy o T T€Sgreen

Carbon mass of (non-renewable) energy in Latin America

E€MiSigtam

184. cenjutam = P

Carbon mass of (non-renewable) energy in Rest of the World

emisSrow

185. cenpow = “Ft

Mass of oxygen in Latin America
186. 0214tam = €miSiatam — C€Matam
Mass of oxygen in Rest of the World

187. 02,00y = €MiSrow — CENpow

[m]
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II - ENERGY RESOURCES AND RESERVES
Energy required for production in Latin America
188. €latam = epsiloniatam * Yiatam

Renewable energy in Latin America

189. eratam = etaiatam * €latam

Non-renewable energy in Latin America
190. enjutam

€latam ETlatam
Dissipated energy at the end of the period in Latin America
191. edlatam = €Tlatam + €Niatam

Stylized Facts

00000

Energy required for production in Rest of the World
192. erou = epsilonow * (Yrow)
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Renewable energy in Rest of the World
193. ETrow — etazrow * Crow

Non-renewable energy in Rest of the World
194. enpow = €row — €Tror

Dissipated energy at the end of the period in Rest of the World
195. edyowy = €Trow + €Myow

Stock of energy reserves in Latin America
196. kleatam = kleatam_1 + convleatam -

Stock of energy reserves in Rest of the World
197. k¢

ENjatam
— € e

row krow(—l) + convyg, —
Worldwide stock of energy reserves

ENrow
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198. k¢ = ki ,0m + Erow

Energy resources converted to reserves in Latin America

€ — ; € (&
199. conviyum = SI9MAT00m * T€S]utam_,

Energy resources converted to reserves in Rest of the World

€

€ — y €
200. convy,,, = Sigmag,,, * res;,, |

Stock of energy resources in Latin America
201. Tesleatam = Tesfatam(_l) - Convleatam
Stock of energy resources in Rest of the World
202. resg,, = Tesﬁow(il) — convg,,
Worldwide stock of energy resources

e __ € €
203. res® = resjam T T€Srow

[m]
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Model Equations

IIT - EMISSIONS AND CLIMATE CHANGE

Industrial emissions of COZ2 in Latin America
204. emiSiatam,

beta?atam + betajgram * €Niatam
Industrial emissions of COZ2 in Rest of the World
205. emisyo = betal,,

+ betarow * €Npow
Annual CO2 emissions from land

206. emis; = emis;_y) * (1 — giana)
Worldwide industrial emissions of CO2
207. emis

eMmiSigtam + €MiS; + emiSrow
Atmospheric CO2 concentration

208. co2q¢ = emis + phirg * co2qy_1) + phisy * co2,p_1)
g‘gyo'loiged Facts
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Upper ocean/biosphere CO2 concentration

209. co2yp = phitg x c0244(—1) + phisz * co2y,_1) + phisg x c02i4(_1)
Lower ocean CO2 concentration

210. €02y, = phigs * c02,,_1) + phiss * c025(_1)

co2qt

Radiative forcing over pre-industrial levels (W/m™2)
211. f1 = foxQlogx (

c02atpre 2) + fe;t
gases (W/m™2)

Radiative forcing over pre-industrial levels (W/m™2) due to non-CO2 greenhouse
212. fex = fex(fl) + f@(l)
Atmospheric temperature
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213. tempgr =

tempgy(—1) + t1* (fl - (8528) *tempgy(—1) — 2 * (tempat(_n - templo(—l)))
Lower ocean temperature
214. temp;, = tempyo—1) + 3 * (tempat(_l) — templo(_1)>

VIII. SCENARIO-RELATED EQUATIONS
Endogenous government-led change in the technical coefficient

215. a;j = aij, —1 + v * (agj, ¢ — asj, —1), Vi,j € {a,b,c,d, h,et}
Change in the coefficient weighting the structural change effect
216. v; =Iag,9-1, Vi€ {a,b,c,d, h,et}

Endogenous resource-led change in the technical coefficient

217. Qi = G5, —1 + T, * (’I’ﬁat) , Vi,j € {b}

[m] 5 =
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