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Introduction



Modelling net financial assets

* SFC models are not just stock-flow consistent. They are , meaning
that they allow the consideration of a variety of both real and financial assets and
liabilities.

* Cash, reserves, deposits, corporate loans, personal loans, advances, shares (equity),
bills, bonds, fixed capital, and dwellings are included in the most advanced models.

* The simplest models only include cash, deposits, loans, and/or bills.

* Here, we present and discuss
e , Which only considers cash (state money) and government bills

0 , Which only includes deposits (bank money) and loans, in addition to
fixed capital

* While these models are highly abstract and simplified, the underlying logic is the same
as that characterising more advanced models.



Box 1 Steps for developing a SFC model

|dentify sectors to be modelled (households, firms, etc.)
Create balance-sheet (BS) of the economy

Create transactions-flow matrix (TFM)

Write down identities from the TFM:

I.  Use columns to derive budget constraints

-

ii. Use also rows with multiple entries
lii. ldentify buffer variables

5. Define behavioural equations and equilibrium conditions



2 Model Accounting



Assumptions

This is a model developed in chapter 4 of Godley and Lavoie (2007). stands for
, because households can hold their wealth in terms of cash and/or government bills.

Key assumptions are as follows:

* Closed economy

* Four agents: households, “firms”, government, central bank

« Two financial assets: government bills and outside money (cash)
* No investment (accumulation) and no inventories

 Fixed prices and zero net profits

* No banks, no inside money (bank deposits)

* No ecosystem



Balance-sheet

Households (pr;;ﬁgﬁon) Central Bank Government 2
Money (cash) +H,, |Faeton©® —H; cmiontio) O
Bils ABn o ABey By 0
Balance /
(net worth) ~Vh g 0
3 -0 0 0 0 0

Notes: A ‘+’ before a magnitude denotes an asset; a ‘— denotes a liability.



Transactions-flow matrix

Firms

Households (production) Banks Central Bank  Government 2
Consumption —C 4+C 0
Gov. spending +G —G 0
Income=GDP +Y —y | Faweton(® 0
Interest payments +7r_1-Bp 4 +r_1 Bep-1 —T-1°Bs_q 0
CB profits —7_1 Bep—1 +7-1 - Bep—1 0
Taxes —T +T 0
A'in cash —AH, +AH; 0
A in bills —AB;y, —AB.p, +ABq 0
2 0 0 0 0 0 0

Notes: A ‘+’ before a magnitude denotes a receipt or a source of funds; a ‘' denotes a payment or a use of funds



Memo: Tobin’s portfolio equations

* One of the key behavioural assumptions is that households make a two stage decision:
I. they decide how much they consume/save out of their income
ii. they decide how to allocate their wealth

* Let us consider 3 different financial assets (4, B and H). Following Brainard and Tobin
(1968) and Tobin (1969), portfolio equations are:

A YD

V_h=/110+/111’7",4—/112‘TB_AB'TH_AM.(V_) )
h h

B YD

V_h:AZO_AZJ_'TA‘l‘AZZ'rB_AZS'rH_AZ‘L.(V_) (2)
h h

ﬂ2130_131'7ﬂ3_132‘TB+133’TH+/’{34'(%) TH=Oand/134>0 (3)



Memo: Portfolio vertical constraints

* |n matrix form:
Ay
By
Hy,

A1 (A2 Ags T4 Aa
Vi + 21 A2z Ags| - |TB| - Vi + |A24| - YD
Az1 A3z Az3| LTH A3q

-/

* Vertical constraint 1: 119 + 430 + 139 = 1, as (the exogenous components of) the total
shares of each assets must sum to unity

* Vertical constraint 2:

111 +121 +131 = O

[AIZ + /122 + /132 = O}

/113 +A23 +/‘{33 — O
114 ‘I‘/lz4 +/134 == O

The vertical sum of the coefficients in the rates of return matrix must be zero.



Memo: Other portfolio constraints

* The horizontal sum of the coefficients in the rates of return matrix must be zero:
[/111 = —(A42 + 113)}
Ay = —(A31 + 133)
A3z = —(A31 + 133)

The effect of demand on each asset of an increase in its own rate of interest should
match that of a fall in all the other rates (ceteris paribus).

* One can also add a

Az = Ay
Az = A3
Az = A3

An increase in the return rate on A generates a drop in B that is of the same size as the
drop in A generated by an identical increase in the return rate of B, etc.



Equations

National income: Y=C+ (1) \ M |dentity
Disposable income: YD=Y—-T+7_4 Bp_4 (2) : EZ;!ﬁZﬂgIC::S::;’;
Tax revenue: T=0-(Y+r_y -Bp_1) (3)

Household wealth: Vih=Vp_1+YD-C (4)
Consumption: C=a,-YD+a, V_, (5)

Cash held by households: H, =V, — By, (6) \

Bills held by households: By=A Vy+A-Vy-r—2A,-YD (7)

Supply of bills: Bi=Bs 1+G—T+r1-(Bs—1 —Bep—1) (8)

Supply of cash: Hy = Hg _1 + ABgy (9)

Bills held by the central bank: B, = B, — Bj, (10)

Interest rate: r=rt (11)
Redundant equation: H, = H,



Box 2 How to Install R and run a toy model

a) Download and install R (free software)

b) Download and install R-Studio Desktop (free version)

c) Alternatively, use Posit Cloud (free online platform for R and Python)
d) Get familiar with R using the Cheat Sheet

e) Download toy models from my GitHub repository

f) Open the file and execute the entire code by clicking Source or run it line by line using Run

g) Check model variables (Data) and coefficients (\Values) in the top-right pane, named
Global Environment

h) Charts are displayed in the Plots tab in the bottom-right pane

i) Tables and Sankey diagrams are displayed in the Viewer tab in the bottom-right pane
(note: always re-run the last coding block to visualise them)



Panes in RStudio

1. Source editor: opens, edits, and executes
.5 program files.

corn mis o e
-1 X = : Go :; - Addins - R Models ~ -
T -= 2. Console or command line: types codes that
SourceonSave | & /- *Run | **| Psource - 2 | | 7 import Dataset ~ | % 86 MiB ~ 4 List ~ = . .
;g) #STEP 2: SET THE COEFFICIENTS (EXOGENOUS VARTABLES AND PARAMETERS) ;a;a S are run Immedlately_ Messages are also
% ;igE:;gg;; i rate alphal num [1:3, 1:150] 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 .
0.4 # E =
= 1 o e displayed here.
361 lambda? = 0.01 b_s num [153, 15150] 000123 12.3 ...
37 theta=0.2 #Tax r cons num [1:3, 1:150] 0 0 0 18.5 18.5 ... ] . .
38 r_bar=matrix(data=0.025,nrow=nScenarios,ncol=nPeriods) #Interest rate as policy instrument 9 num [1:3, 1:150] 0 0 0 20 20 20 20 20 20 20 ... 3. Envlron ment. ShOWS ObJeCtS (data frames
39 h_h num [1:3, 1:150] 0 0 0 3.26 3.26 ... )
A0 - HHREREHRR R L s h_s num [1:3, 1:150] 0 0 0 3.26 3.26 ... . . .
Z% oTEP 3+ CREATE VARTABLES AND ATTRIBUTE TNITIAL VA r num [1:3, 1:150] 0.025 0.025 0.025 0.025 0.025 0.025 0.0.. |~ arrays Values and functlons) |nC|ud|ng
43 b_ch=matrix(data=0,nrow=nscenarios,ncol=nPerio i11s held by Centr Files Plots Packages Help Viewer Presentation — J J J

44 b_h=matrix(data=0,nrow=nScenarios,ncol=nPeriod:
45  b_s=matrix(data=0,nrow=nscenarios,ncol=nPeriod:
46 cons=matrix(data=0,nrow=nScenarios,ncol=nPerio
47 g-matrix(data=0,nrow=nScenarios,ncol=nPeriods)
48 h_h=matrix(data=0,nrow=nScenarios,ncol=nPeriod
49  h_s=matrix(data=0,nrow=nScenarios,ncol=nPeriod
50 r=matrix(data=r_bar,nrow=nScenarios,ncol=nPeri
+_matrividata N nrownSranarine neal nbard

11s held_by households

1158 o1l By e £ | Do 191 variables and coefficients of the model.
eholds Figure 2 Evolution of national income .
et botis 4 following increase in interest rate 4, Bottom-rlght pane:

rnment bills

3627 @ ript 0 )

) = Files: file manager
R R421 - Cy/Users/Marco Passarella/Google Drive/New Conf lectures on SFC =0 /————"_f I es- I
Good news! The model is watertight!

Comiistive orror = 170800 = = Plots: disp|ays p|0ts
. — Exogenous propensity to consume u Packages: paCkageS manager

‘E,_’ | Endogenous propensity to consume )
2 e L | = Help: searches for R documentation
oo B = Viewer: visualises HTML codes (including

tables and Sankey diagrams)

= Presentation: create HTMLS presentations

Tip: if you want to change your background, go to Tools / Global Options / Appearance and then select USing a combination of Markdown and R
your favourite settings

A W x@ @ €



3 Simulations



Dynamics

+7r-Bi-(1-0)

Stationary (quasi steady-state) solution: y* = 5

Figure 1 Evolution of national income
following initial governemnt spending

Notice that C =YD and B, -y = B, = B*
in steady state. -
Use C = YD in equation (1), from which: =
Y*=YD+G.
. . r =0.025

Next, use equations (2) and (3) in Y, from 3 |
which: w 6 = 0.2
Y*=Q"+r-By)-(1-6)+G. B; ~ 64.87
Next, solve for Y*. 3

Y* ~106.49

— National income
Steady-state value
0 10 20 30 40

Time



BS steady-state values

Households (pr(i:(;[ln;;on) Central Bank  Government 2

Money (cash) +21.62 —21.62 0
il L5 L A paCc I 1. g .

aaelf worth 8649 oA :

2 0 0 0 0 0

Notes: A ‘+’ before a magnitude denotes an asset; a ‘—" denotes a liability.



TFM steady-state values

Households (pr:(;mets;on) Banks ng;f' Government 2
Consumption —86.49 +86.49 0
Gov. spending +20 —20 0
Income=GDP +106.49 —106.49 0
Interest payments  +1.62 +0.54 —2.16 0
CB profits —0.54 +0.54 0
Taxes —21.62 +21.62 0
A in cash
A in bills
2 0 0 0 0 0 0

Notes: A ‘+’ before a magnitude denotes a receipt or a source of funds; a =" denotes a
payment or a use of funds



Sankey diagram of transactions (t=5)

Consumption
Households outflow Firms inflow
Taxes
— Government spending
Government outflow D Bills (change) Government inflow
~— CB outflow 505 t%&?&%‘fﬁs CB inflow——

Firms outflow Wages Households inflow



Experiment: a loose monetary policy

Higher interest rate on government bonds: r = 0.025 - 0.035

Figure 2 Evolution of national income
following increase in interest rate

o —
Scenario blue

3 - Additional equation:
a1 =011 — Q12T

Wl

Q | Coefficient values:
all = 0.65
alz = 2

= ;' — Exogenous propensity to consume

Eh: - Endogenous propensity to consume

— Baseline value

0 10 20 30 40
Time



Another surprise: no paradox of thrift!

Figure 3 Rise and fall of national income (GDP) following an increase in
the propensity to consume out of expected disposable income

— National income
--- Old steady state
New steady state

Time

40 50 60

The consumption function is:
C=a;-YD+a, V_4
which, under the steady state, becomes:
YD=a,-YD+a,- -V

from which we obtain:

4 : 1-a
— =qa3, withiaz =—2
YD ay

Households have a target level of wealth:
Vi =a;-YD

where a5 is their stock-flow norm.

If @, or a, increase then a; reduces.

It can be shown that Y* = f*(a3). The reason
is that a higher V implies a higher Bj,, which
implies higher interest payments from the
government, which imply a higher income!



Introducing adaptive expectations

Figure 4 Rise and fall of national income (GDP) following an increase in
the propensity to consume out of expected disposable income
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Figure 5 Evolution of C, expected YD and V following

an increase in the propensity to consume
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New steady states for different values of r

Figure 6 Rise and fall of national income (GDP) following an increase in
the propensity to consume out of expected disposable income
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4 Modelling PCin R



Other shocks

* Let us code the model in an R environment and perform the following experiments:
a) Aintaxrate
b) A in propensities to consume
c) A in portfolio coefficients (bills)
d) A ininterest rate (paradoxical effect)
e) Ain interest rate
f) New equation for consumption
g) Introduce expectations

 Go to the code...



Useful web resources for SFC modellers

Authors

Description

Alessandro Bramucci

Alessandro Caiani

Yannis Dafermos

Michal Gamrot

Antoine Godin

Andrea Luciani

Joao Macalos

Jo Michell

Franz Prante and Karsten Kohler

Marco Veronese Passarella
(marxianomics)

Marco Veronese Passarella
(GitHub)

Gennaro Zezza

Interactive Macro - Website collecting a series of simulators programmed in R and Shiny of some famous macroeconomic textbook
models.

JMAB - Simulation tool designed (with Antoine Godin) for AB-SFC macroeconomic modeling.

DEFINE - Ecological stock-flow consistent model that analyses the interactions between the ecosystem, the financial system and the
macroeconomy (developed with Maria Nikolaidi and Giorgos Galanis).

Godley package - R package for simulating SFC (stock-flow consistent) models.

SFC codes - R and Python codes collected from seminars and lectures.

Bimets package - R package developed with the aim to ease time series analysis and to build up a framework that facilitates the
definition, estimation, and simulation of simultaneous equation models.

SFCR package - R package providing an intuitive and tidy way to estimate stock-flow consistent models.

SFC codes - R and Python codes collected from seminars and lectures.

DIY Macroeconomic Model Simulation - Platform providing an open source code repository and online script for macroeconomic
model simulation.

SFC codes - R, Python, Matlab and EViews codes collected from papers, seminars and lectures.

SFC codes - R, Python, Matlab and EViews codes collected from papers, seminars and lectures.

sfc.models.net - Repository containing original EViews (and Excel) codes that replicate experiments from Godley and Lavoie's
"Monetary Economics", and additional (R and EViews) codes from the SFC literature.
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