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Abstract

This working paper aims at developing a medium-scale stock-flow con-
sistent dynamic model for the Italian economy. On the theoretical side,
it builds upon the pioneering work by Godley and Lavoie (2006)[2].
Sectoral balances of the Italian economy are explicitly modelled and
their evolution over non-ergodic time under different scenarios is anal-
ysed. The model also draws upon the applied work by Burgess et al.
(2016)[1]. Eurostat annual data (from 1995 to 2016) are used to esti-
mate most of model parameters (e.g. consumption function parameters,
housing investment parameters, loan and deposit interest rates, etc.).
Other parameters are either borrowed from the available literature or
taken from a range of realistic values (e.g. weights on past errors in
agents’ expectations). The model is then used to create and discuss
alternative scenarios for Italian households’ financial balance, based on
different government spending patterns.
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1 Introduction

This working paper aims at developing a medium-scale stock-flow consistent
dynamic model for the Italian economy. A theory-constrained but data-driven
method is used. On the theoretical side, the model is inspired by the pioneering
work by Godley and Lavoie (2006)[2][[] Sectoral balances of the Ttalian econ-
omy are explicitly modelled and their evolution over non-ergodic time under
different scenarios is analysed. This paper also draws upon the applied work by
Burgess et al. (2016)[I]. For the model is developed building upon available
(Eurostat) macroeconomic data rather than microeconomic first principles.
More precisely, no dynamic optimisation technique is used in this work. It is
recognised that a financially-sophisticated economy should be rather regarded
as a complex (monetary) system, whose emerging behaviour can be hardly
traced back to the choices made by an individual representative agent. As a
result, its system-wide dynamics can be only analysed either through a het-
erogeneous agent-based micro-founded model or through a macro (monetary)
accounting approach. The second method is chosen here.

Figure 1 shows the Italian sectoral finan-
cial balances since the mid-1990s. Focusing Figure 1: Italy’s sectoral finan-
on the foreign sector (green line), three dif- cial balances (% GDP)
ferent phases can be detected. A reduction

in Italy’s external surpluses (or foreign sec- 10
tor’s deficits) and a sharp fall in household ] 0 . w
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tion in government deficit (black line), dur- |~~~

ing the 1990s. An increase in non-financial ﬁg\/\
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a surplus recorded by the rest of the world), 2000 2005 2010 2015
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up untll 2011 Flnauy? Italy has been run- —— Financial institutions —— Government
ning again external surpluses (coupled with Rest of the world

a stable government deficit and an increasing
surplus of NFCs and other domestic sectors)
since the outbreak of the so-called “European Sovereign Debt Crisis”.

The aim of the paper is to develop a macroeconomic model accounting for
the dynamics above and the developments in financial stocks & flows, while cre-
ating and comparing different hypothetical (future) scenarios for main macroe-
conomic variables. For this purpose, the rest of the work is organised as follows.
Section 2 presents the theoretical model, equation by equation. Section 3 pro-
vides a detailed description of the method used to re-classify and aggregate
Eurostat data, construct sectoral balance-sheets, estimate model parameters,
and forecast trends in relevant time series. Section 4 presents the preliminary
findings and discusses possible future developments.

! See Nikiforos and Zezza (2017)[4] for a recent survey on the so-called “Stock-Flow
Consistent” (SFC) approach literature.



2 The theoretical model

As mentioned, the model is built upon Eurostat data. Accordingly, five macro-
sectors are considered: 1. households (marked by the subscript H); 2. non-
financial corporations (or firms, F); 3. the government (G); 4. financial cor-
porations (including banks and other financial institutions, B); 5. the rest of
the world (or foreign sector, RoW'). The role of the central bank, meaning
the European Central Bank (ECB hereafter), is considered as well. The main
assumptions and features of the model are listed below.

a) The model aims at fitting Eurostat classifications, while assuring full stock-
flow consistency.

b) The economy is demand-led both in the short- and long-run. In other
words, model’s dynamics is not anchored by any long-run attractorf] Aggre-
gate demand constrains total production and determines the employment level.

¢) Monetary variables are all expressed at current prices (euro). Notice that,
while some financial assets’ prices are modelled, the general price level is not.
However, it may well be included in a more refined version of this work.

d) Total gross output is assumed to be produced by non-financial firms only,
on behalf of other sectorsf]

e) Distribution and hence sectoral GDPs are determined by institutional, po-
litical, social and historical factors. For the sake of simplicity, these factors are
embodied in coefficients named “beta” (/3;, where the subscript j denotes the
sector).

f) Each sector is marked by either a portfolio investment function or a simpli-
fied financial investment rule.

g) Net stocks of financial assets and liabilities, rather than gross stocks, are
(usually) taken into consideration. This is a limitation that must be addressed
in a more advanced version of this work.

h) Since there is no available information about “who pays whom”, some sim-
plifying hypotheses about sectoral portfolio compositions are used, based on

2 Along with the absence of “representative agent-based microfoundations, this is the
most remarkable difference with a dynamic stochastic general equilibrium model. The point
is that the multiplicity of possible macroeconomic equilibria is at odds with the use of an
harmonic oscillator mechanism.

3 As a result, there is only one production function to be defined. Incidentally, this shows
resemblance with the Marxian view that value is created in the (manufacturing) production
sphere and then “distributed” to other sectors through the price setting mechanism (i.e. via
market forces and institutional factors). However, this is just a superficial resemblance, as
sectors are defined following Eurostat accounting taxonomy, not Marx’s theoretical one.



observation of available data.

i) In practice, all (net) dividends are paid by non-financial firms and received
by households, while almost all securities are issued by the government. Inter-
ests are paid by government and non-financial firms to banks, households and
the rest of the world.

[) Banks and other financial institutions are regarded as an integrated and
consolidated sector. This is not a major simplification for the Italian system,
as the financial sector is dominated by a few banks.

m) Some model “parameters” include trend components to improve the fit of
past data. In addition, a few dummy variables are used to address structural
breaks (see Section 2.7).

2.1 Households

As is known, Ttalian households were marked by an exceptional saving rate
up until the early 1990s. However, a plurality of economic, institutional and
political factors (including several reforms of the labour market and the pen-
sion system, the coming into force of the Maastricth Treaty, the launch of the
Euro, two major financial crises, and the beginning of the “austerity” era) have
affected remarkably the financial situation of household sector ever since. Ital-
ian households still exhibit a high saving rate compared to other industrialised
or developed countries, but the gap has been narrowing down over time. This
has gone along with symmetrical changes in other sectoral financial balances.

In formal terms, household disposable income is made up of household
gross domestic product (meaning gross output minus intermediate consump-
tion) plus wages minus taxes (on income, wealth, import and production) plus
net interest entries plus total transfers (including narrowly-defined transfers,
subsidies and benefits) plus annuities (including dividends and other property
incomes):

Notice that the household sector is here defined in broad terms, as it includes
non-profit institutions serving households (NPISH). This is the reason the
disposable income equation includes a (sectoral) gross domestic product com-
ponent. The latter is assumed to be produced materially by non-financial firms
on behalf of NPISH. In principle, household disposable income could be cal-
culated net of GDPy. This would be like assuming that households can meet
a certain share of their own consumption needs. In that case, household gross
domestic product should be deducted by consumption to calculate household
net lending (in equation 31).



Household annuities are defined as the summation of dividends and other
property incomes:

ANNy = DIVy + PROPy (2)

As mentioned, household gross domestic product is taken as a share of total
product:
GDPy = By - GDP (3)

Similarly, net wages are defined as a share of total GDP:
WB=wr-GDP (4)
The household (net) income share to GDP is therefore:

_INTH+ANNH+WB'(1—MS) (5)
B GDP

wr,
where wg is the share of wages paid by NPISH to total wages.

For the sake of simplicity, total taxes paid by households are defined as a
share of (past) wages:
THZQH'WB,1 (6)

The net interest received by households equals interest revenues net of interest
payments:
INTy = INTHFCYV — INTFATP (7)

The total interest received by households is the summation of interests earned
on bank deposits, incomes from bonds (according to the average return rate,
rpa) and other positive interests:lﬂ

INTHECY = rp—1-Dyg—1+rpa—1-Bg_1+ INTE%%?A (8)

The total interest paid by households is the summation of interest payments on
mortgages and other payments on loans (captured by a residual component):

INTEMP =1y - MORTy 1 + INTH 5 (9)

Transfers received by households are defined as a share of (past) households
wages:
TH = QT WB_1 (10)

Similarly, other property income received by households is:
PROPH:CYHJ:PWB_l (11)
Household consumption is defined by the Haig-Simons function:

CH =C1 - E(YD) + Co - NWH7_1 (12)

4 These are captured by an empirically-estimated residual component. The accounting
consistency of the model is assured by the foreign sector’s interest payment acting as a buffer
or residual.



where Y D is household disposable income and NWp is their net wealth, while
c1 and ¢y are the propensities to consume out of income and wealth, respec-
tively.

Notice that adaptive expectations are assumed, meaning that E(x) = z_; +
v (E(x_q) —x_1), with 0 < v < 1. Accordingly, expected income is:

E(YD)=YD_+v- (E(YD_l) - YD_I)

Net wealth is the summation of dwellings, currency & deposits, shares & equity,
securities and other financial assets held by households, minus the stock of
mortgage debt:

NWyg = HOUSEy + Dy + Vg + By + OFINg — MORTy

Alternatively, it can be expressed in dynamic terms, its change over time being
defined by saving out of disposable income:

NWy = NWy 1+ YDy — CONSy — INVy + FUNDSy — (13)

where INVy is (housing) investment undertaken by household and FUN DSy
is a composite variable defined below.

Household financial assets holdings are:
NFWy = NWy — HOUSEy + MORTy (14)

Household non-financial assets holdings, meaning dwellings, equal past period
housing stock (net of depreciation rate) plus new housing investment:

HOUSEy = (1 —0}) - HOUSEy 1 + 6% - INVy (15)

where 0} is the depreciation rate of housing capital and §% can be regarded
as the share of household investment actually devoted to housing.

Portfolio allocation by households is modelled based on Brainard and Tobin
(1968)[3] and Godley and Lavoie (2006)[2]. For the sake of simplicity, we
assume that all shares are marked by the same average return rate. Total net
equity (stock) held by households is:

Vig =M EINFWy) + MY - E(INFWg) - ry + My - E(Y Dy )+
+ Ay E(NFWg) - rpa

where both A{l; and A{| define the proportion of net financial wealth house-
holds wish to hold in form of equity & shares, )\{{2 is the proportion of net
financial wealth held in form of cash & deposits, and )\{{3 is the proportion of
net financial wealth held in form of securities (notably, Treasury bonds and
NFC securities). Notice that 7y is the (average) return rate on equity and



shares, and rp4 is the (average) return rate on securities.ﬂ The latter is de-
fined by equation (77), whereas the former can be calculated as a function of
the market price of shares:

Apy
Pv,—1

(16)

Ty = U1 Ty,—1+ V2"
The return rate on Italian equity and shares grows as their market price grows.

As a result, the ratio of household shares and & holdings to net financial
wealth is:
Vi
E(NFWpy)

E(Y Dy)

:/\{{OJ”\{{l'TVJ“\{{?'W

+/\{{3 *TBA (17)

Notice that shares are not issued by NFCs only. A small percentage of equity
and shares held by Italian investors is issued by domestic financial and/or
foreign institutions. NFC equity held by households can be defined as a share
of household equity portfolio:

Vew = xr- Vi (18)

Similarly, financial institutions equity held by households is:

Vew = x5 Vi (19)

where xr and yp are “moving parameters” defining the ratio of NFC equity to
total equity and the ratio of financial sector’s equity to total equity, respectively
- see Section 2.7.

Rest of the world’s equity & shares held by households can be now defined
as a residual:

VRoW,H = (1 — XF — XB) -V (20)

Notice that the total stock of equity and shares in the economy is:
Vi =Vr+ Ve 4+ Veow (21)
The amount of total dividends received by households is:
DIVy = DIVpy + DIV g + DIVgw.u (22)

Turning to securities, the ratio of household holdings to net financial wealth

is:
By E(YDp)

E(NFWg) E(NFWg)

where )\gj parameters have the usual meaning.

= A§{0+A§{1-rv+A§j’2- +A§3-7~BA (23)

5 Expected rates (instead of current rates) are used to estimate parameters in equations
(17), (23), (27), (124) and (125), and run the model.



The Ttalian market of securities is dominated by government issues. How-
ever, a small percentage of securities held by Italian investors is issued by
NFCs. For the sake of simplicity, it is assumed that each sector holds the
same share of NFC securities to total securities. In addition, all securities are
assumed to carry the same (average) return rate[f

Accordingly, NFC securities held by households can be defined as:

Bruy =qr - Bu (24)

where gp is the average percentage of NFC securities to total securities over
the considered period.

So, government bonds held by households can be calculated as a residual:
Ban = (1—qr) - Bn (25)

Clearly, the total stock of securities in the economy is the summation of gov-
ernment bonds and NFC securities:

Bror = Bg + GF
Bank deposits and cash held by households are:

Dy
E(NFWy)

E(Y Dy)

= Mo AL N B,

+ M5 TBa (26)

where AJ; parameters have the usual meaning.

Other financial assets held by households are defined in residual terms as
either:
OFINgy = NFWy — Vg — By — Dy

or:
OFINg E(YDp)
=\ N\ P . TR R 27
E(NFWx) 10 T AL TV T+ Ags E(NFWx) + Ay3°TBA (27)
where: )\fo =1- ()\fo + /\5{0 + )\go) and )\fj = —(Afj + )\gj + )\?Ifj), for
j=1,2,3.

New mortgages to households are modelled as a function of household dis-
posable income, their own stock of dwellings, and housing investment:

MORTy; = MORTy 1+ ¢1-YD_i + ¢o- HOUSEy _1 + b5 - INViy_1 (28)

Investment undertaken by households is defined as a function of several vari-
ables, including past housing investment, household mortgages, the stock of

6 These simplifying hypotheses are due to data limitations and should be relaxed in
future works. Notice, however, that cross-sector portfolio compositions may well be uneven,
because each sector can choose the desired amount for each “type” of financial assets (shares,
securities, deposits, etc).



dwellings, household disposable income, and the expected growth rate in prop-
erty income:

INVy =0, - INVyy_y + 0y - MORTy _, + 05 - HOUSEy 1+

29
+194-YDH’_1+195~E(7”H) ( )
where the property income growth rate is:
APROPy
= —— 30
"= PROP,_, (30)

Finally, net borrowing by households can be defined as their own consumption
and investment (including adjustment in funds) in excess of disposable income.
Net lending by households is therefore:

NLy =YD+ FUNDS — CONSy — INVy (31)

where “funds” is a heterogeneous entry including adjustment in pension funds,
capital transfers and non-produced non-financial products (see figures 2 to 4
in Section 3). For the sake of simplicity, it is regarded as a linear function of
(lagged) disposable income:

FUNDSH:OQLLFU'YDH’,l (32)

Notice that sectoral net lending values are the key variables of the model. For
they allow reproducing cross-sector financial balances displayed in Figure 1.

2.2 Non-financial corporations

While facing a long-standing crisis since the mid-1990s or even earlier - a period
marked by an apparent stagnation in labour productivity and Italy losing its
central position in the global value chain - Italy is still the second biggest
manufacturing economy in the European Union. Around a quarter of Italian
GDP is still attributed to (manufacturing) industry.

From an accounting viewpoint, [taly’s overall GDP can be defined as gross
output, Y, minus intermediate consumption, CON S;nr, plus taxes on prod-
ucts net of subsidies, T}.YETE] that is:

GDP =Y — CONSnr + 7HET (33)

As mentioned, it is assumed that non-financial corporations (NFCs) produce all
output on the behalf of other sectors. However, the amount of GDP associated
with NFCs is just a share of total GDP:

GDPp = fBr - GDP (34)

where (G is a parameter depending on several institutional, political and his-
torical factors.

7 See Figure 2 in Section 3, based on Eurostat data.
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For the sake of simplicity, total intermediate consumption can be defined
as a share of total output:

CONS[NT :C]NT'Y (35)

The share of total intermediate consumption to total output is defined as a
function of the past share and the lagged outputﬁ

cint =0 N1+ 0% Y 4 (36)
Total stock of fixed capital (at current prices) is:
K=(1-06g)- K1+ INV-(1—-¢ny) (37)

where 0 is a parameter accounting for capital depreciation and &;yy can be
regarded as the percentage of overall investment that goes to waste (or is not
turned into productive capital). While both parameters are estimated, the
latter is treated as a constant, whereas the former is modeled as a “moving
parameter” (see Section 2.7).

Total capital grows at an endogenous rate, gx, so total investment is:
INV =K_; gk (38)

The growth rate is defined as a function of expected capital utilisation rate
(proxied by the GDP to capital ratio), the risk premium on loans (meaning the
cost of financing exceeding the risk-free interest rate) and the expected profit
rate:

GDP 11
QK:’YY+’YU'E<T)—’YR‘(TL,F—TZ)‘F”YH‘E(?F) (39)

where II is the NFC profit net of taxes[]

Narrowly-defined NFC investment is a share of total investment:
INVE =0p-INV (40)
where dr is the ratio of NFC investment to total investment.

Data show that deposits held by non-financial corporations grow quicker
than the GDP, so that:

GDP

Dn—=(1 Dp g —
r=14np)  Dr_1 GDP,

(41)

8 Data reveal a negative relationship between the change in intermediate consumption
and total output in Italy during the whole period considered.

9 Expected interest rates (rather than actual rates) are used. Equation 39 is replaced by
a purely estimated gx when the model is used to fit past data - see (B.43) in Section 2.7.
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where nr is an estimated parameter accounting for the extra growth rate of
bank deposits.

Aggregate demand is defined as the summation of household consumption,
government spending (consumption), investment, intermediate consumption
and export, minus import and (net) taxes:

Yap =CONSy +CONSg+ INV +CONS 1+

42
+EXP—~IMP — )BT (42)

where TN ET stands for total taxes on products net of subsidies (see Figure 2).

Looking at “non-marginalist” literature, gross output can be defined ei-
ther through a Leontief function (e.g. Y = Min(N/ay, K/as), where K is
a non-labour input taken as a proxy for capital and a; and as are technical
coefficients) or as a linear function of employment. For the sake of simplicity,
the second option is chosen here.m More precisely, annual (quarterly) gross
output is defined as the annual (quarterly) product per employee times the
annual (quarterly) number of employees:

Y = PROD-N

However, equation above does not define output but the employment level, as
the former is assumed to adjust smoothly to aggregate demand:@

Y =Yup (43)
and hence: v
N'=ProD (44)

The rate of growth of productivity is an endogenous, depending on growth
rates of autonomous demand components (notably, investment, export and
government consumption):m

gprop = g1 + g2 - d(log(INVF)) + g5 - d(log(EX P))+

45
+ g4 - d(log(CONSg)) ( )

So, current labour productivity is:
PROD = PROD_, - (1 + gprop) (46)

Following Burgess et al. (2016)[1], import depends on output and the exchange
rate:

Y.
IMP =IMP_, - exp (m + fi - ln(Y—l) +u3- (NER_; — NER2)) (47)
—2

10 This is a key difference with respect to Burgess et al. (2016)[1], who use a standard
Cobb-Douglas production function instead.

1 The gap between demand and current output will be accounted for by including inven-
tories (evaluated at production costs) and prices in a more advanced version of this work.

12 A dummy variable is added to equation 45 when the model is used to fit past data.
This allows addressing the structural break in productivity that takes place in 2007.
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where NER is the nominal exchange rate (see Section 2.6) and exp(x) is an
exponential function of x, that is, e*.

Profits of non-financial corporations (net of taxes) are defined as a residual:
total GDP minus other sectors’ GDP (that is, NFC GDP) minus wages paid
by NFCs (net of other sectors’ wages) minus taxes plus subsidies plus net
interest payments plus adjustment in funds plus other property incomes. In
formulas:

HF = GDPF - (WB — WBOTHER) —Tr + TF+

48
+ INTr+ FUNDSr + PROPr (48)

Since wy, is the labour income share of GDP, the non-labour share is:
< =1- wr, (49)

NFCs earn interests on their own bank deposits and government bond holdings
and face (negative) interest payments on bank loans and security issues. A
residual component is accounted for as well, so that the net interest income
earned by NFCs is defined as:

INTp = p,—-1- DF,—I —TLF- LF,—1 —TBA - (BF,—l - BG,F,—1)+

L [NTRES (50)
Notice that the residual component is particularly important when considering
interest payments accruing on loans obtained by NFCs. In fact, these flows can
be hardly calculated as loans’ stocks times interest rates. This is a well-known
problem for SFC modellers. In principle, interest payments are proportional
to gross loans, which are demanded by NFCs at the beginning of each period.
However, one can only use data on residual loans, as recorded at the end of
the same period. As a result, it is unlikely to find a simple linear relationship
between the stocks of bank loans and the flows of interest payments.

The value above is expected to be negative as interest payments made by
NFCs normally outstrip interest earnings["] Households, domestic financial
institutions and foreign investors are the recipients of NFC interest payments.
More precisely, net interests that households receive from NFCs are:ﬁ

INTpy = INTy - ip (51)

where ip is the share of interests paid by NFCs to total interest payments
(which include interests paid by the government on Treasury bonds). In other

13 However, data show that the value of net interest has turned positive in the last few
years.

14 Notice that INTp y does not mirror household holdings of NFC securities. This is
likely to be due to the fact that we are considering net flows & stocks (rather than gross
flows and stocks) and average return rates (rather than security-specific return rates), while
assets & liabilities are group together by kind (securities, shares, etc.).
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words, it is assumed that each sector receives the same proportion of interest
payments from NFCs.

Similarly, net interest payments that financial institutions receive from
NFCs are:
INTpp =INTg -ip (52)

Net interest payments that foreign investors receive from NFCs are:
INTr row = INTRow - ir (53)

For the sake of simplicity, wages paid by other sectors rather than NFCs are
defined as a share of total wages:

WBorwgr = wo - WB (54)

Retained profits are:
HFUZSF'HF (55)
where sy is the average retention rate of NFCs, defining their own self-funding

capacity.
Accordingly, NFC distributed profits (dividends) are:
DIVe =(1—sp)-lg (56)
Taxes paid by NFCs are a fixed percentage of pre-tax profits:

. (GDPF —(WB—WBorupr)—INTp— FUNDSp— PROPF) (57)

For the sake of simplicity, subsidies and transfers to/from NFC are determined
as a percentage of NFC profits:

Tr=apr-1p (58)
Similarly, the adjustment in NFC funds is:
FUNDSp = appy - p_y (59)
Other (net) property income paid by NFCs is:
PROPp = apo - Tp_, (60)

Data show that Italian government, financial institutions and households are
all (net) holders of equity and shares issued by Italian NFCs. As a result,
dividends paid by NFCs to the government should be defined as:
B Via
DIVRG = €ag - D[VF e (61)
Vr
where eq is the share of dividends which are “actually” received by the gov-
ernment [

15 This point is discussed below.
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Similarly, dividends paid by NFCs to financial institutions should be cal-
culated as: v
DIVpg = ep- DIVyp - 25 (62)
Vp
where ep is the share of dividends which are actually received by (or paid to)

the financial sector.

We can now define dividends paid by NFCs to households as a residual:
DIVgy = DIV — DIVpg — DIVpp (63)

Equations (61) and (62) show that, in principle, dividends should be dis-
tributed to households, government and financial institutions based on their
own equity holdings. However, data show that (net) dividends received by
government and financial institutions are negligible. This is likely to be due to
the differences in equity & shares’ portfolios across sectors. So, we assume that
eq = egp = 0 and hence DIVypy = DIVp hereafter. In other words, Italian
households are the only recipient of NFC distributed profits.

The total stock of NFC equity & shares is
Ve =Ven +Vre+ Vip (64)

In line with current literature, it is assumed that firms can issue new equity
to fund a small percentage of their investment plans (Burgess et al. 2016[1]).
The real volume of equity is:

[NV,

65
o (65)

Vp =Vp_1+ -
where py is the unit market price of NFC equity. This is an average price,
which can be simply defined as:

_Vr

pbv = (66)

UVF

Italy is usually regarded as a traditional or “bank based” system. For Italian
NFCs rely mainly on bank loans to fund their own production and investment
plans. By contrast, financial markets usually do not occupy center stage.

In line with SFC literature, new bank loans obtained by firms are deter-
mined as a residual:

LF:LF7_1+INVF—HFU—NPL—]?VAUF+ADF

67
ILF7,1—NLF—NPL—pV'AUF+ADF ( )

Equation above shows that the change in bank loans obtained by NFCs equals
their own investment plans minus retained profits minus loans write-offs minus
share issues plus the change in their own bank deposits.

15



Loans write-offs are a share of total loans to NFCs:
NPL =¢85+ Li (68)

where g is the percentage of non-performing bank loans (NPBL), while £ is
the share of NPBLs which give rise to NFC loans’ write-offs.

It is now possible to determine the net lending by NFCs, which is:
NLp =gy —INVp (69)

As mentioned, this is the key sectoral magnitude of this model, as it defines
NFC financial balances against the rest of the economy.

There are still some NFC variables to be defined, before turning to other
sectors. The net disposable income of NFCs is:

YDp =1lpy — FUNDSE (70)
NFC net wealth (or worth) is always negative in the period considered:
NWp=NWgp_1+YDp —INVp+ FUNDSp (71)
NFC net financial assets holdings (including deposits) are:
NIFWp = —-NWp - K -vgp+ Lp+Vr+ Bp — B r (72)

Notice that vk g (i.e. the percentage of total capital owned by the NFC sector)
may well be different from 0 (i.e. the ratio of NFC investment to total invest-
ment). The latter refers to the investment undertaken in the last two decades
or so, while the former refers to the stock of capital overall accumulated over
time.

Other financial assets of NFCs (and net security holdings up until 2003)
are:

OFINp = —NFWy — Dy (73)

The (net) demand for Italian NFC securities arises from domestic financial
institutions, households and foreign investors{"|

Br = Brp + Brg + Br row (74)
Finally, the net amount of government bonds held by NFCs (up until 2003) is:
Ba,r = Ba - qa,r (75)

where gg r is an empirically-estimated parameter, defining the ratio of NFC
securities to government securities.

16 Notice that the Italian NFC sector has become a net issuer of securities since 2003.
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2.3 The government

As is well known, Ttaly is marked by one of the biggest government debt to
GDP ratios among developed countries. The absolute value of government
debt is also remarkable. This makes the Italian government securities’ market
one of the biggest (and most liquid) in the world. In formal terms, total
nominal demand for Italian government securities is defined as the summation
of sectoral demands:

Ba = Bag,u + Ba,row + Ba.p + Ba,r (76)

Focusing on Italian 10-year Treasury bonds (i.e. BTP), yields can be defined
by adding a mark-up to the risk-free interest rate (i.e. the German 10-year
government bond rate):

rg="rg- (1 + m)

Similarly, the average return rate on Italian government securities - includ-
ing Treasury bills (BOT), zero-coupon certificates (CTZ), floating rate notes
(CCT) and bonds with other maturities - can be calculated as:

rpa =1z (14+ma) (77)

where the mark-up is defined as:

_ SPREAD,

rz

and the average spread between Italian and German bonds is determined as a
linear function of the market price of Italian bonds:

SPREAD, = s\ + 5% - p5 (79)

While Ttaly’s government debt to GDP ratio is one of the highest in the EU,
the government deficit to GDP ratio has been one of the lowest since the early
1990s. In fact, Italian government has been running primary surpluses ever
since (except for 2009).

Notice that both Eurostat and the ECB liken the concept of “surplus”
(“deficit”) with that of “net lending” (“net borrowing”). The latter is defined as
“the last balancing item of the non-financial accounts - namely the balancing
item of the capital account”['"] In formal terms, net lending by the government
arises from revenues net of spending and interest payments:

NLg = GOVppy — GOVsp — INTg (80)

Interest payments, in turn, depend on the average return rate on government
securities and the amount of outstanding debt (in form of securities):

[NTG =TBA,-1" BG,fl (81)

17 See Eurostat Glossary at: http://ec.europa.eu/eurostat /statistics-explained/
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Government total spending is given by the summation of government con-
sumption, investment, wage payments, total transfers (including subsidies and
benefits) and adjustment in funds:

GOVsp = CONSg + INVg + W Bg + Tror + FUNDSg (82)

Government total revenue is given by the summation of government GDP
(i.e. the cost of goods and services produced by the government), total taxes,
property incomes and dividends:

GOVrey = GDPg + tror + PROPs + DIV, (83)

For the sake of simplicity, government consumption is defined as a share of
total GDP plus a discretionary or stochastic component:

CONSg = af,-GDP + ¢¢ (84)
Similarly, government investment is defined as a share of total GDP:
INVg =ak -GDP (85)
and government wages are:
WBg =wg-GDP (86)

The total amount of equity and shares held by the government is defined by
parameter o
Vo =af - GDP (87)

More in detail, the value of net NFC equity and shares held by the government

is assumed to be:
VF,G = TF VG (88)

where x5 is the percentage of NFC equity and shares to total equity and shares.

Similarly, the value of financial sector equity and shares held by the gov-
ernment (up until 2007) is:

VB,G =IB" VG (89)

where xp is the percentage of financial sector’s equity and shares to total equity
and shares.

The value of foreign sector equity and shares held by the government is
defined as a residual:

Veowa =(1—2p —2p)- Vg (90)

The total tax revenue is the summation of taxes paid by (domestic) private
and foreign sectors:
TTOT:TH+TF+TB+TR0W (91)

18



The amount of total transfers is the summation of transfers paid by government
to (domestic) private and foreign sectors:

Tror =Ty +Tp + 1T + Trow (92)

Government GDP is evaluated in terms of costs of production. For the sake of
simplicity, it is defined here as a share of total GDP:

GDP; = fBg - GDP (93)

Net dividends paid to government are the summation of dividends from NFCs,
financial institutions and foreign issuers:

DIVg = DIVpg + DIV g + DIVg,wa (94)
Government property income is simply defined as a share of total GDP:
PROPg = af -GDP (95)
Similarly, the adjustment in funds for the government is defined as:
FUNDSg = otV -GDP (96)
where afV < 1 during the period considered.

Using adaptive expectations, the change in the real supply of government
bonds (bg or BTP) is determined by both government borrowing needs and
newly issued Treasury bills (BOT){¥|

—NLg n BOT,

97
PB,—1 PB,—1 ( )

ba = bg,—1 —

where pp is the (average) unit price of Italian Treasury bonds and BOT is the
quantity of Treasury bills issued by the government in current period.

So, the market price of Italian government bonds is:

B
pp =2 (98)
ba
The nominal supply of Treasury bills is:
BOT = PB,—1- AbG - <BG - BG,—I : b5 ) (99)
PB,—1

In other words, the Italian government issues bills to deal with temporary cash
imbalances.

18 For the sake of simplicity, government securities other than Treasury bonds and bills
are neglected.
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Total taxes on products (net of subsidies) are defined as a percentage, Oror,
of gross output:
Tror = Oror Y (100)

Interests paid by government to financial institutions are defined as total in-
terest payments received by financial institutions minus interests paid by non-

financial firms:
INTgp=INTg —INTpp (101)

Similarly, interests paid by government to households are defined as a residual:
INTgy =INTy —INTpy (102)

and the same goes for interests paid by government to foreign investors, which
amount to:

INTG row = INTrow — INTE Row (103)

Notice that, looking at available data, interest payments to each sector do not
mirror sectoral bond holdings. The reason is that net values (instead of gross
payments and revenues) of assets/liabilities and average return rates (instead
of asset-specific rates) are used. The high level of aggregation of data is also a
possible issue.

For the sake of simplicity, the net stock of loans obtained (or granted) by
the government is defined as a percentage of government net wealth:

Lg=NWg - nf (104)
Similarly, the net stock of deposits and cash held by the government is:
D¢ = NWg 1 (105)
Finally, Ttalian government net wealth is roughly equal to:
NWY = NLg — Bg (106)

Notice that equation (106) is just an approximation and should be refined in
future versions of this work.

2.4 Banks and other financial institutions

Italy’s financial sector is dominated by a few large banks (notably Unicredit
and Intesa Sanpaolo). Consequently, commercial banks and non-bank financial
institutions can be included in the same sector without loss of realism. As
usual, the GDP to be attributed to financial institutions as a whole is defined
as a percentage, Og, of total GDP:

GDPy = B - GDP (107)
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Profits made by financial institutions are calculated as the summation of fi-
nancial sector’s GDP, net dividends, net interest payments and adjustment in
funds, minus wages paid and taxes net of transfers:

HB:GDPB—WBB—TB+TB+D]VB+

108
+ PROPp +INTy+ FUNDSp ( )

It is possible to derive the net lending of financial institutions by subtracting
both received dividends and investment spending from (retained) profits:
NLg=1Ilp — DIV —INVp (109)

For the sake of simplicity, the wage bill paid by financial institutions is also
defined as a share of total GDP:

Total taxes on financial sector profits are:
TBZQB'HB (111)

Similarly, the value of total transfers received by financial institutions is de-
termined as a percentage of profits:

Tg = ok -1l (112)
Other property incomes received by financial institutions are:
PROPp = o -1l (113)
The adjustment in funds for the financial sector can be also determined as:
FUNDSp = ok? -Ti (114)

Financial sector net earning from lending is defined as net interest paid by
households plus net interest paid by NFCs plus a residual:

INTg = (JNT};AID + (—INTF)> + INTEES (115)

where the residual component, INTFFS | is estimated empirically to account
for other possible interest entries and improve data fitting.

The investment undertaken by financial institutions is assumed to depend
on past investment, the risk-free interest rate, the return rate on equity, the

expected profit rate, and the expected (change in) average market price of
shares{]

INV =% + 745 - INVg _1 + 7% -5+
(116)

11
+7%'Tv+7§3'E<K.—IiB) +7% - E(Apy)

19 Expected return rates (instead of current rates) are considered. A trend component
(7% - t) is added to equation (116) when the model is used to reproduce past data.
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Financial sector net wealth is:
NWp = NWpg_1 +1lpy —INVp (117)
Financial institutions retain a percentage, sg, of total profit:
Mgy =1lg - sp (118)

The net (or domestic) stock of bank loans is the summation of mortgages to
households and loans granted to NFCs and the government:

Lg = MORTy + Lr + Lg (119)
Similarly, the net stock of bank deposits is:
Dp =Dy + Dr + Dg (120)

Notice that the total stock of loans is higher than Lg, as it must account for
the foreign sector:
Lror = Lg + Lrow (121)

Accordingly, the change in the total stock of deposits in current period equals
the change in total loans:

Dror = Dror,—1 + ALror (122)

Turning to financial assets held by banks and other financial institutions, the
overall amount is:

NFWB:NWB—K'V[QB (123)

where vg p is the percentage of fixed capital owned by financial institutions
and hence K - vk p is the stock of capital invested in the financial sector.

Apart from loans, Italian banks and financial institutions’ financial assets
are made up of equity & shares, securities, and other undefined assets.@ The
ratio of financial institutions’ equity & shares holdings to net financial wealth
is:

V)
BT = Mot M+ M s (124)
The ratio of financial institutions’ securities holdings to net financial wealth
is:
Bp B B B
ENEW,) Ago ATV + Ay TBA (125)

where AP, and AJ; coefficients are defined in the usual way.

Goverment bonds held by financial institutions are defined as a residual:

Begp=(1—qr)- Bp (126)

20 Financial assets’ holdings by sector are shown by Table 3 (securities) and Table 4
(equities & shares) in the Appendiz.
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where g is the ratio of NFC securities to total securities, which is assumed to
mirror the actual financial institutions’ security portfolio composition.

NFC securities held by financial institutions are:
Brp = qr - Bp (127)

Net dividends paid by financial corporations to households are negligible, so:

VB.H

B

DIVBVH:6B'D]VB' ~0 (128)

Similarly, net dividends paid by financial corporations to the government are:

y
DIVgg =ep-DIVy- %G ~ 0 (129)
B

In other words, it is implicitly assumed that ez = 0, so that financial corpo-
rations pay no dividends to other sectors:

DIV = DIV g+ DIV e =0 (130)
Net NFC equity and shares held by financial corporations are:
Vep=2r-Vp (131)
where zp is the ratio of NFC equity to total equity.

Recalling net wealth definition (NWp), other financial assets held by fi-
nancial institutions can be determined as a residual:

OF[NB:K-I/K7B—NWB+VB+LB—DB (132)

Finally, commercial banks set the interest rate on loans to NFCs by adding a
mark-up over the ECB discount rate{’]

rL,r =7TpcB + TADD (133)
where r4pp is the risk premium paid by NFCs (see Section 2.6).

2.5 The rest of the world

Froma an accounting viewpoint, net taxes on products paid by the rest of the
world correspond to the GDP that is not attributed to other sectors (see last
column in Figure 2). So, this residual component can be defined as:

GDPgow = GDP — (GDPy + GDPr + GDPg + GDPg) (134)

where G D Pr,y is just an accounting entry.

21 The ECB interest rate on the main refinancing operations is considered.
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Similarly, net lending by the rest of the world must match domestic net
borrowing:

NLgow = —(NLyg+ NLrp+ NLg+ NLg) (135)

The latter is nothing but the negative of the current account for the Italian
economy.

Loans granted to, or obtained from, the rest of the world depend on many
factors, including past loans, the ECB target interest rate, the GDP attributed
to the rest of the world, the (nominal) exchange rate, the total trade volume,
and the Italian trade balance:

Lpow = q)i - Lrow,—1 + q’% ‘TpeB,—1 + q):z - GDProw,—1+
+®} -NER+®) - (IMP_, + EXP_,)+® . (IMP_, — EXP.,)
(136)

Similarly, deposits held by the rest of the world can be defined as:

Drow = @5 - Lpow,—1 + 3, - GDProw 1 + ®% - (IMP_y + EXP_))+

137
+®} - (IMP-y — EXP_)+®) -rpga_1+ @} -GDP_, (137)

Export is assumed to be driven by (changes in) output, exchange rate, wages
and employment:

Y.
EXP =EXP._, -exp (u{f +pf ln(Y—1> + 4 (NER_, — NER_)+
i)

WB_ N_
in(gpp) + i (5)
Tty - in W B, + s - in N,

(138)
Net dividends paid by the rest of the world to Italian households are:
o Viow, 1
DIVrow,n = erow - DIVRow - (139)
RoW

where egoy is the share of dividends (distributed by foreign institutions) ac-
tually received by households.

Similarly, net dividends paid by the rest of the world to the Italian govern-

ment are:
Vrow,c

DIVROVV,G — €ERoW °* DIVROW . (140)

RoW
Net dividends paid by the rest of the world to Italian financial institutions are:

Vo
DIVeow.s = €row - DIVRow - floW.B (141)
RoW
The rest of the world equity held by Italian financial institutions is:
VROW,B =g Vrow (142)
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where xp is the ratio of financial institutions’ equity to total equity.

By contrast, Italian government bonds held by the rest of the world are:

Ba.row = (1 = qr) - Brow (143)

where ¢r is the ratio of NFC securities to total securities.

Accordingly, Italian NFC securities held by the rest of the world are:

Br row = qr - Brow (144)

Total (net) securities held by the rest of the world depend on (expected) return
rates on bonds and other financial assets, and the exchange rate:

Brow =s" -1z +5 rgcp+5° rpa+s - NER+5s -1y (145)
Total (net) equity issued by the rest of the world is defined as a residual:
Veow = Vi + Vo — (Ve + Vp) (146)

Data show that net dividends paid by the rest of the world to Italian investors
are negligible, so:

DIVgow = DIVy — DIVy — DIV — DIV = 0 (147)
The net interest earned by the rest of the world is also defined as a residual:
INTrow = INTyg + INTg — (INTr + INTg) (148)

This allows including empirically-estimated components in net interests paid /received
by other sectors, while assuring model’s accounting consistency.

Transfers to the rest of the world are simply defined as a share of Italy’s
GDP:
Trow = Qpyy - GDP (149)

Similarly, taxes paid by the rest of the world are:

Trow = Orow - GDP (150)

To sum up, rest of the world’s variables are defined in a residual way, except
for portfolio decisions, foreign loans & deposits and export. The rationale is
to assure the accounting consistency of the model.

2.6 The central bank

Since Italy is a member of the Euro Area, the key discount interest rate is set
autonomously by the ECB:

rEcB = TECB (151)
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The exchange rate is taken as an exogenous from Eurostat database, and it is
defined as the effective nominal exchange rate with 42 trading partners:

NER = NER (152)

The risk-free interest rate is the return rate on 10-year German bonds, which
is also an exogenous variable for Italy:

rz = fZ (153)

Finally, the mark-up NFCs are charged by commercial banks is defined as:

Lp_
TADD = P1°TECB,~1+t P2 TLr—1 1+ P3 " d<l09(GDP)> + pa- VE : (154)
F—1
In other words, the risk-premium over the discount interest rate is determined
by the discount rate itself, the past interest rate on loans to NFCs, the GDP
growth rate, and the NFC leverage ratio ]

The model is now complete, meaning that all transaction flows displayed
by Figure 4 and all the related assets & liabilities” stocks (see Figure 14 in
the Appendix) have been defined. Next sub-section shows how parameters are
defined when the model is used to fit or “predict” past data, particularly when
a long period is concerned.

2.7 Moving parameters and exogenous variables

The main target of the model is not to fit past data, but to help create
alternate qualitative scenarios for macroeconomic variables and key finan-
cial stocks/flows (to be compared with the status quo). However, one could
guess whether the model can be calibrated to reproduce or “forecast” histor-
ical time series. As the period considered is rather extended and marked
by several structural breaks, parameters and exogenous variables are treated
like endogenous variables when the model is used to fit past data. In other
words, parameters are allowed to change over time following a deterministic
(non-linear) trend.@ The latter is defined, in turn, by meta-parameters, b;
(with j = 1,2,3,...,125). In addition, six dummy variables, labelled d; (with
j=1,2,3,...,6), are used to address major structural breaks.

Starting from household GDP share to total GDP, it is defined as:

where ¢ is a variable (call it “time”) capturing data trend.

22 Non-performing bank loans and/or loan write-offs can be included as well. Notice that
equation (154) is replaced by a purely estimated r4app when the model is used to fit past
data - see (B.39) in Section 2.7.

23 See Figure 13 in the appendix, showing some selected moving parameters.
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The wage share to GDP is:
wr = bg CWr -1 —|—b4 't+b5 -t2 (BQ)

The household tax rate is:
QH :b6+b7't (B?))

Other (residual) interest received by households is:
INTHEG = bs 4+ bg - L (B.4)
The estimated interest rate on mortgages is:
rv = bio+ b1 -t (B.5)
Other (residual) interest paid by households is:
INTH W =i+ big -t + by - 2 (B.6)
The household transfers to (lagged) wage ratio is:
apgr =bis+ bt (B.7)
The household property income to (lagged) wage ratio is:
agp=>bir+bs-t (B.8)
The percentage of NFC equity to total equity is:
XF = big + byg - t + by - 2 (B.9)
Similarly, the percentage of financial institutions equity to total equity is:
XB = bag + g - t 4 boy - 7 (B.10)
The percentage of NF'C securities to total securities is:
qr = bas + bag - t + a7 - 17 (B.11)
NFC GDP share to total GDP is:
Br = bas - Br—1 + bag - t + b - 7 (B.12)
The capital depreciation rate is:
O = b3y +bgg -t + b33 - t2+dy (B.13)

NFC investment to total investment ratio is assumed to depend also on gross
output level:
Op = b3g +b3s - Op,—1 + b3 - Y1 + bay - (B.14)

The residual interest earned by NFCs is:

INTEES = byg 4 bsg - t + byg - t* (B.15)
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The share of interests paid by /to NFCs to total interest payments is:
ip =by ip 1+ ba -t + by t?
The ratio of other wages to total wages is:
Wo = byg + bys - t
The rate of retention of profit after taxes is:
Sp =bag + bg7 - 1
The tax rate on NFC profits is:
Op = bag + bag - T
The NFC transfers to profit ratio is:
apr = bso 4+ b5y - ¢
The NFC funds to profit ratio is:
apry = bsy + bsz - ¢
The percentage of bank loans write-offs is:
€p = bsy - dy + bss - T+ bsg - 1
The government consumption to GDP ratio is:
af = by QG +bsgds+bsg -t +ds - beo - t
The government investment to GDP ratio is:
Oéé = by - 0457_1 + bgo - dy + bg3 - t
The government wages to GDP ratio is:
wa = bes - wa,—1 + bes - ds - wa,—1
The government total equity to GDP ratio is:
ol = beg + by - t + beg - 12
The ratio of government adjustment in funds to GDP is:
agU = bgg - agff_l 4+ by -t
The ratio of government (other) property income to total GDP is:

Oég = b71 + b72 . 0457_1 + b73 -t + b74 . t2
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The ratio of net loans to net wealth for the government sector is:

N = brs + brg - t + byp - 12 (B.29)
The ratio of net deposits to net wealth for the government sector is:

N5 = brs + brg - t + bgg - £ (B.30)
Financial institutions’ GDP to total GDP is:

Bp = b1 + bsa - t + b - 17 (B.31)
The ratio of financial institutions wages to total GDP is:

wp = bsy + bgs - t + bsg - £ (B.32)

The ratio of total taxes paid by financial institutions to total GDP is:

Op = bgy + bsg - t + bgg - t* (B.33)
The ratio of total transfers received by financial institutions to total GDP is:

o = bgy + bgy -t + by - 12 (B.34)
The ratio of financial institutions adjustment in funds to total GDP is:

ap” = bos + bgy - t + bos - 1 (B.35)

The ratio of other property income received by financial institutions to total
GDP is:

ozg = b96 + b97 -1+ bgg . t2 (B36)
Residual interests earned by financial institutions are:
INTE"S = bgg + bigo - t + oy - £ (B.37)

The rate of retention of profit in the financial sector is:
SBp = blog + b103 -t + b104 . t2 (B38)

The empirically-estimated mark-up over the target interest rate steered by the
ECB is:

Fapp = b1os - TApD.—1 + biog - T+ bior - 12 + biog - 2 + by - t* (B.39)
The ratio of RoW transfers to total GDP is:
O fow = brio + bunn - t 4 buio - £ (B.40)
The ratio of RoW taxes to total GDP is:
Orow = bi1z + biia - t + byys - £ (B.41)

The total tax rate on products (net of subsidies) is:
Oror = biig + biir - Oror—1 + biig - t + bigg - t2 (B.42)

The empirically-estimated growth rate of capital is:
Grc = 120 + byoy - gre—1 + biog - dg + biog -t + byog - t* + bras - dg -t (B.43)

As mentioned, equations (B.39) and (B.43) replace equations (154) and (39),
respectively, when the model is used to fit past data.
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3 Method: balance-sheets, data and calibration

The dataset used covers all mentioned variables for the Italian economy (finan-
cial assets and liabilities, non-financial assets, non-financial transactions, and
annual accounts by sector) from 1990 to 2016 on a annual basis at the sectoral
level. Before estimating/calibrating model parameters, the transaction-flow
matrix (TFM hereafter) must be matched to Italy’s national accounts pro-
vided by Eurostat. The full TFM for Italy in 2015 is shown by Figure 2/

Figure 2: The full transaction-flow matrix (Italy, 2015, annual, current prices,
million euro)

Non-Financial | Financial Total economy|

ltaly 2015 Corporation | Corporations Govenment  [REEEIEES ResteiENd (row total)

S11 $12 $13 §14_815 S2 $1

Gross Output P1 2095694 130440 306245 580440 0 3112819
Intermediate Consumption P2 -1360170 -54429 -90092 -129658 0 -1634349
Taxes on Product D21 0 0 189354 0 2251 191605
Subsidies on Products D31 0 0 -24469 0 -167 -24636
Memo: GDP 735524 76011 381038 450782 2084 1645439
Consumption P3 0 0 -311639 -1001014 -1312653
Exports P6 0 0 0 0 -493934 -493934
Imports P7 0 0 0 0 446042 446042
Investment P5 (G) -149558 -4429 -36959 -83949 -284895
Total Producti 585966 71582 32440 -644181 -45808 1
Wages D1 -411085 -32356 -161998 609723 -4284 0
Taxes on Production and Imports D2*** -26528 -5735 240236 -18620 -189354 -1
Subsidies on Production D3 4347 4 -28481 3929 20201 0
Dividends D42 -109941 -1633 4271 114625 -71322 0
Interests payments D41 -5208 18574 -65237 30759 21113 0
Other property income D4G* -11995 -17221 3924 23481 1812 1
Taxes on Income and Wealth D5 -27869 -6022 241582 -206485 -1206 0
Social Benefits (net of social contributions) D6** 1273 2461 -113732 112607 -2609 0
Other Current Transfers D7 -5061 -1075 -6476 -6232 18844 0
Adjustments in Pension Funds D8 -1272 -2461 0 3733 0 0
Capital Transfers D9 18031 8294 -25421 2889 -3792 1
Total Transfers -575309 -37170 88668 670409 -146597 1
Sum Production and Transfers 10857 34412 121108 26228 -192405 0
Acquisition less consumption of non produced, non fina NP -1535 -18 -420 789 1184 0
Tax - subsidies on product -D21+D31 0 0 -164885 0 164885 0
Computed Net Lending Position 9122 34384 -44197 27017 -26338 0
Net Lending Position B9 9120 34386 -44197 27017 -26338 0
Total by sector (column total) 2 -2 0 0 0 0

Looking at the figure above, two issues are apparent. First, lines 6 to 9 of
the full TFM do not sum up to zero. The fact is that there is no information
about “who pays whom”, meaning about cross-sector transactions. Second,
the number of entries is very high and should be reduced to avoid an excessive
number of variables and equations. To address these issues, the full TFM is
narrowed down in two steps{g_gl First, it is assumed that everything is produced
by non-financial corporations upon request of other sectors. Strong though
it may seem, this assumption allows meeting the stock-flow conditions for
production entries in a simple way, so that each row total amounts to zero.
Figure 3 shows the reduced TFM, where the SFC quadruple-entry principle is
met. Second, the TFM is further simplified by merging together some entries
(rows), as shown by Figure 4. This is the accounting structure the theoretical

24 The related balance sheet is displayed in the Appendix, Figure 14.
%5 See Antoine Godin’s website (https://github.com/antoinegodin) for a detailed intro-
duction to empirical SFC models.
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model presented in Section 2 is built upon.

Figure 3: The reduced or simplified transaction-flow matrix (Italy, 2015, annual,
current prices, million euro)

Non-Fi ial Fil ial Total economy|
Italy 2015 Corporation Corporations Government | Households | Rest of World (row total)
(capital) 812 S13 514 $15 S2 S1
Gross Output P1 095694 130440 306245 580440 0 3112879
Intermediate Consumpfion F2 -1360170 -54429 -90092 -129658| 0 1634349
Taxes on Product D21 0 0 189354 0 2251 197605
‘Subsidies on Products D31 0 0 -24469 0 -167] -24635)
Memo: GDP per sector 735524 76011 381038 450782 2084 1645440
Memo: total GDP
0
Consumption 0
Exports P6 0 0 0 -493934 0
Imports P7 0 0 0 446042, 0
Investment P5(G) pLziis) 149558 -4429 -36959 -93949 0 0
Wages D1 -32356 -161998 609723 -4284 0
Taxes on Production and Imports D2 -26528 -5735 240236 -18620 -189354 0]
Subsidies on Production D3 4347 4 -28481 3928 20201 0
Dividends D42 -109941 -1633 4271 114625 -7322 0
Interests payments D41 -5209 18574 -65237 30759 21113 0|
Other property income D4G -11995 -17221 3924 23481 1812, 0
Taxes on Income and Wealth D5 -27869 -6022 241582 -206485 -1206] 0
Social Benefits (net of social contributions) D6 1273 2461 -113732 112607 -2609 0|
Other Current Transfers D7 -5061 -1075 -6476 -6232 18844 0]
Adjustments in Pension Funds D8 -1272 -2461 0 3733 0 0
Capital Transfers D9 18031 8294 -25421 2889 -3792 0
Acquisition less consumption of non produced, non fina NP -1535 -18 -420 789 1184 0
Tax - subsidies on product -D214D31 0 0 -164885 0 164885 0
Computed Net Lending Position 9123 34394 -44197 27017 -26336 0
Net Lending Position B9 9120 34396 -44197 27017 -26336 0
Total by sector (column total) 0 0 0 0 0 0

As mentioned, Eurostat annual data (from 1996 to 2016) are used to estimate
most of model parameters (e.g. consumption function parameters, housing
investment parameters, loan and deposit interest rates, etc.). For the sake of
modelling needs, annual data are turned into quarterly series using a simple
“linear-match last” method. This means that variables (including flows) are
all calculated as annual series and then displayed quarterly.@ Other parame-
ters are either borrowed from the available literature or chosen from a range
of realistic values (e.g. weights on past errors in agents’ expectations). All
non-empirically estimated or fine-tuned parameters are summed up in Table
1. Notice that equations were first estimated one at a time and then using
a “seemingly unrelated regression” (SUR) method. Findings are similar. A
selection of SUR~estimated parameter values (for the household sector) can be
found in Table 2.

Focusing on software technicalities, all data are downloaded by R files

26 This simplified method may well affect the estimated or forecast values for (some)
model’s parameters. Figure 12 in the Appendix compares “true” quarterly data (yellow
circled line) with transformed data used as model’s inputs (black line) and model’s forecast
(blue dotted line). Household net lending figures are portrayed. While smoothing cyclicity,
transformed data look rather accurate. They provide a decent approximation of the 4-period
moving average of true quarterly data (red dotted line), after all. However, true quarterly
data should be used in a more advanced version of the model, particularly for policy purposes.
Notice that “quadratic-match sum” transformations for annual flow variables (along with
different interest rates) have been also tested. While this is expected to be a more accurate
method, the effect on estimated parameter values seems negligible and, in fact, model’s fit
gets slightly worse.
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Figure 4: The super-simplified transaction-flow matrix (Italy, 2015, annual, current
prices, million euro)

Non-Financial Financial Total economy]|
Italy 2015 Corporation Corporations Government | Housefiolds | Rest of World (row total)
s11 pital) $12 s13 $14 815 s2 s1
Gross Output P1 2095694 130440 306245 580440 0 3112819
Intermediate Consumption P2 -1360170 -54429 -90092 -129658 0 -1634349
Taxes on Product D21 0 0 189354 0 2251 191605
Subsidies on Products D31 0 0 -24489 0 -167, -24638
Memo: GDP 735524 76011 381038 450782 2084 1739563
Memo: GDP 1645440
0
Consumption P3 1312653 0 -311639 -1001014 0 0
Exports P6 493934 0 0 0 -493934 0
Imports P7 -446042 0 0 0 446042 0
Investment P5 (G) pLilE) -149558 -4429 -36959 -93949 0 0
Wages D1 -411085 -32356 -161998 609723 -4284 0
Total Taxes D2+D5-D21 -54397 -11757 292464 -225105 -1206 0
Dividends D42 -109941 -1633 4271 114625 7322 0
Interests payments D41 -5209 18574 -65237 30759 21113 0
Other property income D4G -11995 -17221 3924 23481 1812] 0
Transfers (subsidies, benefits, etc.) D3+D6+D7-D31 559 1390 -124220 110304 11967 0
(Change in) funds D8+D9+NP 15224 5815 -25841 7411 -2608 0
Computed Net Lending Position 9123 34394 -44197 27017 -26336 0
Net Lending Position B9 9120 34396 -44197 27017 -26336 0
Total by sector (row total) 0 0 0 0 0 0
Key:
Note: reclassification used to develop ItalySFC model :l()onstructed time series by merging existing ones

-Constructed time series by forcing a counterpart (hypothesis: NFCs produce everything)
-Constructed time series by taking existing data from production account
Payment

Revenue

(through the “pdfetch” package) and grouped together in a single account-
ing sheet (i.e. using a “xls” or “.csv” file format). The latter is then used by
an EViews program which: a) estimates model parameters; b) calibrates the
model using estimated and fine-tuned parameter values; ¢) compares actual
data with “forecasted” values; and d) create alternate scenarios for relevant
variables to be compared with baseline values. The main advantage of the
model is that it allows accounting explicitly for the impact of stocks on flows
and wvice versa, highlighting the role of financial institutions, assets and cross-
sector relationships/balances. Programs’ structure is sketched in Figure 7 (in
the Appendix), while main findings are presented in the next sectionE]

27 The complete EViews program, including all estimations of parameter values, can be
provided upon request.
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Table 1: Fine-tuned parameters

Equation Description

Parameter values

number
8 Weight on past errors in expectations v = 0.000 [0.100]
37 Capital depreciation rate (initial value) o = 0.013
68 % of NPBL turning into NFC loans write-offs Ep=0.15
61 Share of accounting dividends received eq =0

by the government eq =0
62 Share of accounting dividends received

by financial institutions eg =0
139 Share of accounting dividends received by

the rest of the world erow = 0
65 % of investment funded by new shares ¥ =0.010
8 Interest rate on bank deposits rp = 0.000

Table 2: Selected estimated parameters for households (SUR-OLS, 1996Q1-2015Q4)

Equation Dependent variable Parameter values
number

12 Household consumption c1 = 0.600, co = 0.059
15 Dwellings stock oy = 0.013, 6%, = 0.423
17 Household equity portfolio )\{{0 =0.774, )\fl = 0.0004
Ay = —2.146, Ay = 0.040
28 Change in mortgages ¢1 = 0.009, 9 = —0.014,
¢3 = 0.235
29 Housing investment Y1 = 0.792,95 = 0.026
¥3 = —0.021, 94 = 0.049
¥5 = 7,963.884
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4 Preliminary findings

The model presented in Section 2 can be now used to: first, check the adher-
ence or fit of forecast series to past data; second, predict future developments
in main endogenous variables, particularly sectoral financial balances; third,
create alternate scenarios to be compared with the status quo. Since, all sec-
toral variables are explicitly modelled, there are no residuals to be checked.
The model claims to be stock-flow consistent after allF|

a) Fitting or forecasting past data. Figure 5 shows financial balances (net
lending) for each Italian macro-sector as a percentage of GDP. The period
considered is from (the first quarter of) 1998 to (the fourth quarter of) 2015.
Notice that it is not a mere data fitting exercise, where values of endogenous
variables up to the previous period are used each time the model is solved
for the current period. On the contrary, variables’ values are all “forecasted”,
based on the initial parameters’ estimation. In other words, Figure 5 shows
how a medium-run forecast would have been performed historically, that is,
how the model would have replicated Italy’s sectoral financial balances.

Figure 5: Sectoral financial balances in Italy over 1998q1-2015q4

{8} Household net lending (% GDP) {b) SFC net lending (% GDP) {c) Gowernment net lending {% GDP)
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Black lines show sectoral net lending ratios (to GDP) recorded by Eurostat,
while dotted coloured lines show the series estimated by the model. The fit (or
forecast) is good for all macro-sectors (although not perfect, due to data limi-

28 This is another difference compared with the model developed by Burgess et al.
(2016)[11.
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tations and theoretical constraints/restrictions), particularly for the household
one. Shaded areas show the US financial crisis of 2007-2008 and the European
Sovereign Debt Crisis, respectively. As one would expect, crises affect nega-
tively the (medium-run) predicting power of the model. For instance, while the
crisis of 2007-2008 is preceded by a strong improvement in government balance
(followed by a sharp collapse), the model wrongly attributes that peak to the
financial sector’s balance. The effect of the 2010-2011 crisis on the NFC sector
is also misread (underrated).

b) Predicting future trends.  The
model can be used to provide (qual-
itative) forecasts for future trends Figure 6: Household net lending (%
in time series. In principle, several GDP) - method (iv)

method can be used. Four of them  gp4
are tested here: (i) all model param-
eters are re-estimated using average
values in the last few periods (i.e. the .0184
last two years) ,@ while variables are 545

.020+

allowed to revert to their own model- ‘
implied paths in the first period of 0087 t

the forecast; (i) all model param-  .004- ‘gm‘__ﬁ _______ ]
eters are re-estimated using average ‘.....“..".“
values in the last few periods, while 09 10 M 12 13 4 15 16 17 18 19
model’s forecast is “normalised” to fit ---- Forecast series

—— Linearised (actual) data

last available data; (ii7) original pa- | ) S0k tore et oo

rameter estimates are kept and vari-
ables are allowed to revert to their
own model-implied paths in the first period of the forecast;@ (7v) original
parameter estimates are kept and model’s forecast is “normalised” to fit last
available data. Methods (i) and (i) - call them “static” forecasts - reduce the
impact of forecasting errors, but neglect most historical information. Methods
(#i) and (iv) - call them “dynamic” forecasts - use all the available information
in the data sample, but can be subject to a higher forecasting errors in the
short run. Figure 6 shows forecast values for net lending by Italian households
(blue dotted line) in the next three years or so, using method (iv). Although
the estimate is still a preliminary one, it shows that a downward trend in
household financial balance is expected to persist in the next few years.

¢) Simulating alternate scenarios. The model can be used to simulate the reac-
tion of endogenous variables to shocks to key parameters. The new scenario is
then compared with the baseline or status quo, meaning historical data trend.@

29 Accordingly, trend components are dropped, while behavioural equations are all re-
stored.

30 This is (akin to) the method used by Burgess et al. (2016)[I].

31 This is an advantage compared with computational or purely-theoretical SFC models
(like those developed by Godley and Lavoie, 2006[2]), where steady/stationary state values
must be calculated (either analytically or through numerical simulations) before testing
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Since the Fiscal Compact and other European treaties require Italian author-
ities to reduce the government debt to GDP ratio in the next few years, the
impact (on household financial balance) of a change in government spending is
considered. Figure 7 contrasts household net lending under three alternative
scenarios about government consumption: the baseline scenario, where gov-
ernment consumption is assumed to keep following its historical trend (orange
line); an “austerity” scenario, marked by a sharp fall in government consump-
tion (-10% of GDP, red line); a “profligacy” scenario, characterised by a sharp
increase in government consumption (+10% of GDP, green line). Chart (a)
displays the three forecast series, while chart (b) shows the impact on net
lending by Italian households. As one would expect, a fall (increase) in gov-
ernment consumption goes along with a worsening (improvement) of household
financial balance compared to the baseline.

Figure 7: Household net lending: reaction to shocks to government spending (an-
nual)

(a) Three scenarios for gov. cons. (c.p., million euro)  (b)Household net lending: different scenarios (c.p., million eura)
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While the method chosen used affects model’s forecast quantitatively, qualita-
tive findings (i.e. the predicted reaction to shocks) look robust. Figure 8 shows
model’s dynamics when the experiment is replicated using method (iiz). The
vertical dotted line in chart (a) separates actual from forecast values, while
the black circles in chart (b) shows the baseline (expected) value for household
net lending. Red and green dotted lines have the usual meaning. The effect
on household lending caused by a change in the fiscal stance looks now much
stronger (compared with method (iv)).

Figure 9 shows the results when the experiment is replicated using method
(7). While the predicted impact of an increase in government consumption is
in line with that obtained through method (ii7), the effect of a spending cut
is stronger.

model’s reactions to shocks.
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Figure 8: Household net lending (c.p. million euro, annual) - method (i)

(a) Met lending by households (c_p., million eura) (b) Household net lending: different scenarios (c.p., million euro)
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Figure 9: Household net lending (c.p. million euro, annual) - method ()

(a) Met lending by households (c.p., million eura) (b) Household net lending: different scenarios (c.p.. million euro)
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Clearly, the model can also be used to account for all sectors and variables,
and a variety of shocks or alternative scenarios. It allows monitoring stock-flow
norms, which can possibly help detect economic & financial fragility signs and
forecast crises. Figure 10 shows (forecast) net lending by sectors and Ttaly’s
(forecast) GDP components. More precisely, charts (a) and (b) are obtained
using method (ii7) (i.e. all dataset used), while charts (¢) and (d) are based on
method (év) (i.e. all dataset used and normalisation to last period’s values).
Results are similar?] The only exception is net lending by NFCs, which is

expected to improve in chart (a), whereas the contrary happens in chart (c).

This goes along with a strengthening of financial sector’s balance in chart (¢).

Summing up, the preliminary findings suggest that further work is nec-
essary to refine both the theoretical model and the estimation & forecast
methods. More precisely: (a) transformed annual data should be replaced
with quarterly data, while other estimation techniques should be tested (per-
haps based on cointegration methods); (b) gross stocks and flows should be

32 Notice that 2017Q1’s values have been smoothed to avoid a “jump” in the growth rates
due to the transition from actual data to forecast ones.
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Figure 10: Net lending and GDP components across the economy
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(c) Met lending by sector (% GDP, normalised) (d) GDP components (% change on previous period, normalised)
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replaced with net stocks and flows, and the aggregation level should be re-
duced down; (¢) a price setting mechanism should be included in the model
(alternatively, constant prices can be used to estimate model’s parameters);
(d) the transaction-flow matrix should be completed, while sectoral balance-
sheets should be also explicitly defined. Despite these limitations, the model
enables for interesting qualitative comparative analyses yet. In fact, once fin-
ished, it could hopefully act as a useful benchmark for students, early-career
researchers, and the practitioners who are planning to develop empirical SFC
models.
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A Appendix: additional tables and figures

Table 3: “Who holds what”: cross-sector (net) securities holdings
Issuer
Holder | NFCs FCs Gov. House. R.o.W.
NFCs [By.f]
FCs Bf’b Bg,b
Gov.
House. Bﬂh Bg,h
R.o.W. | Bfrow By row

Table 4: “Who holds what™ cross-sector (net) equity holdings

Issuer
Holder | NFCs FCs Gov. House. R.o.W.
NFCs
FCs Vi Viow,b
Gov. Vie Vol Viow,g
House. | Vin  [Viul Viow.h
R.o.W.

Figure 11: Programs structure
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Figure 12: Household net lending: data check (c.p., million euro)
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Figure 13: Calibration: selected “moving parameters”
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(b) Tax rate paid by households (% of wages)
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Figure 14: Balance sheet (Italy, 2015, annual, current prices, million euro)

Italy 2015 Non-Financial Corporations Government Households RoW
Assets Liabilities Net Assets Liabilities Net Assets Liabilities Net Net
Produced NFA (dwellings) 180,249.6 0.0 180,249.6 4781.2 0.0 4,781.2| 54,401.6 0.0 54,401.6| 2,518,103.0 0.0 2,518,103.0|-2,757,535.4
Currency and deposits 308,930.0 32,763.0 276,167.0| 326,009.0 2,027,611.0 -1,701,602.0{ 75877.0 2397220 -163,845.0{1,273,045.0 0.0 1,273,045.0 316,235.0
Securities other than shares 57,0480 145902.0 -88,854.0|1,675,684.0 540,827.0 1,134,857.0| 27,908.0 2,097,250.0 -2,069,342.0, 413,008.0 0.0 413,008.0f 610,331.0
Loans 18,947.0 1,067,001.0 -1,048,054.0{ 1,823,350.0 109,846.0 1,713,504.0) 942840 1772400  -82956.0 13,707.0 691,961.0 -678,254.0 95,760.0
Shares and other equity 525,651.0 1,666,671.0 -1,141,020.0) 632,959.0 475,698.0 157,261.0|128,934.0 0.0 128,934.0| 1,447,540.0 0.0 1,447,540.0| -592,715.0
Other financial assets
- Insurance technical reserves 16,896.0 101,556.0 -84,660.0 6,358.0 758,730.0 -752,372.0| 1,278.0 3,803.0 -2,525.0) 862,636.0 0.0 862636.00 -23,079.0
- Derivatives and empl. stock options | 15,425.0 14,307.0 1,118.0 1259540 138,737.0 -12,783.0 0.0 31,899.0  -31,899.0 738.0 68.0 670.0 42.894.0
- Other accounts receivable/payable | 147,171.0 91,326.0 55,8450 26,448.0 5,664.0 20,784.0{115,005.0 74,2450 40,760.0 13,286.0 935180 -80,2320| -37,157.0
Net Worth -1,849,207.0 -1,849,208.4 640,605.2 564,430.2 -2,126,470.0 -2,126,471.4 5,756,516.0 5,756,516.0|-2,345,266.4

Note: rest of the world (RoW) is defined residually
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