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INTRODUCTION

A1M & MODEL TYPE

Tips to develop a medium-scale empirical SFC model. A
theory-constrained but data-driven method is used. Inspired
by Godley & Lavoie (2006) and Burgess et al. (2016).
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Tips to develop a medium-scale empirical SFC model. A
theory-constrained but data-driven method is used. Inspired
by Godley & Lavoie (2006) and Burgess et al. (2016).

EPISTEMOLOGICAL STATUS

The model is built upon Eurostat database & accounting.
No dynamic optimisation / no representative agent.
Macro-accounting approach: evolution of BS and TFM
entries under different scenarios.
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A1M & MODEL TYPE
Tips to develop a medium-scale empirical SFC model. A IBEECRIEHE
theory-constrained but data-driven method is used. Inspired

by Godley & Lavoie (2006) and Burgess et al. (2016).

EPISTEMOLOGICAL STATUS

The model is built upon Eurostat database & accounting.
No dynamic optimisation / no representative agent.
Macro-accounting approach: evolution of BS and TFM
entries under different scenarios.

PRrOJECT

Data for Italy are used, but it can be extended to other
countries. Aim: create network of interacting ‘personal’ SFC
models (using R).



RECLASSIFICATION

A ‘PRACTICAL’ QUESTION

Increasing popularity of SFCMs since the publication of
Monetary Economics (Godley & Lavoie 2006). Numerical
simulations and cross-breeding with AB and 10. But seldom
empirical models.
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Absence of a well-established method to match the standard
SFC framework with the SNA 2008 (and estimate
coefficients).

AN EMPIRICAL
SFC MoDEL

MARrCO
VERONESE
PASSARELLA

RECLASSIFICATION



RECLASSIFICATION

A ‘PRACTICAL’ QUESTION

Increasing popularity of SFCMs since the publication of
Monetary Economics (Godley & Lavoie 2006). Numerical
simulations and cross-breeding with AB and 10. But seldom
empirical models.

NO GENERAL METHOD

Absence of a well-established method to match the standard
SFC framework with the SNA 2008 (and estimate
coefficients).

BRIDGING THE GAP...

...using Eurostat data: a) freely accessible online (pdfetch);
b) uniform across countries; ¢) useful reclassification
proposed by Godin (github).
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RECLASSIFICATION (CONT’D) AN EvPImicaL
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FIR,ST STEP: THE FULL TFl\/I PASSARELLA
Matching SFC TFM with Eurostat accounting.

RECLASSIFICATION
curostar [NorFnancill Financil | s [Restorwortd| ccmen
Entries (taly, 2015) Goge | Corporation | Corporations | °°emert | Fleusenais | Restr o (:;m")
st1 512 s13 14 515 s2 st
(Gross Output Pl 200569 130440 306245 560440)
Intermediate Consumption P2 -136017¢
d 021 189354 0
s D31 24469 7]
Memo: GDP 73552 381038] 450782 2084
P3 311638 __-1001014|
Exports P5 0 0 93634
imports P7 q 0
Investment P5(G)
Total Production 585966
Fages ~411085| -161998|
[Taxes on Production and Imports 24023
[Subsidies on Production
[Dividends
IMerests payments
[Other property incor
[Taves on Income and Wealth
Social Benefit (nef of social contributions)

Other Current Transfers
[Adjustments in Pension Funds
Capital Transfers

Total Transfers -575309)
Sum Production and Transfers.

|Acquisition less consumption of NPNFP. [ e
[Tax - subsidies on product [-D21+D31
nding Position
[Net Lending Position [ B9 34394]
Total by sector (column total)

Note: ltaly, 2015, c.p., million euro.



RECLASSIFICATION (CONT'D)

SECOND STEP: ‘WHO PAYS WHOM’
Address issues with Figure 1: a) Lines 6 to 9 do no sum up
to zero; b) too many entries. Assume firms produce it all!

Eurostat [ Fnencel Financal | ernment | Households |Rest of Worid e:.zr:\‘:r‘n
Entries (taly, 2015) oo | Coreoration Corporations useholds | Rest of for ‘mwm';)
st (capita) 512 s13 | st4515 2 st

Gross Output Pl 209569 130640 306245 580¢40) 9
Intermedite Consumption P2 1360171
Tares on Product D21
Subsidies on Products 031 24469

Memo: GDP per sector 331038

Memo total GOP

Consumption
Exports 483934
imports 446042
investment q
Wages 1 32 4284
Taxes on Production and Imports
Subsidies on Production
Dividends 2
Interests payments 1
Other property income: D4G
Taxes on Income and WWealth 05 - E 241582
Social Benefits (et of social contrbutions) 06 113732
Other Current Transers o7
| Adjustments in Pension Funds 08
Capital Transfers 09
cquisition less consumption of NPNFP NP
Tax - subsidies on product D21-D31
Computed Net Lending Posifion
[Net Lending Position [ 8o
Total by sector (colum total)

Note: ltaly, 2015, c.p., million euro.
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THIRD STEP: MERGING ENTRIES

Merge taxes, transfers and other ‘secondary’ entries to get
the accounting structure of the model. HECLASSIFICATION

Financial ]

Enies (taly, 2015) Corporations

(Consumption
spors

imports

Investment 149558 - -36959 -93949
Wages 01 161998 609723
[Total Taxes 0205021 [

Dividends D42

Interests payments 41

Other property income D4G

[Transfers (subsidies, benefis, etc.) 000700

(Change in) funds D8+DgNE.

Computed Net Lending Position
[Net Lending Position [ 8o
Total by sector (row total) 0

Note: ltaly, 2015, c.p., million euro.
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FOURTH STEP: THE BALANCE SHEET
Narrowed down creating ‘other financial assets’ composite
RECLASSIFICATION

entry (insurance tech. reserves, derivatives and other).

Enties (taly, 2015) Eir:::a\ Non-Financial Corporations Government Households
Assets _ Liabilities Net Assets _Liabilities Net Assets Liabilities Net

Non-financial assets (dwelings) | nivenan | 1802406 00 1802406 | 47812 00 47812 [544016 00 544016 |2518,1030 00 25181030
Gurency and depasits 27 [3089300 327630 2761670 3260090 20276110 -1,701,6020( 758770 2397220 -1636450) 1,573 0450 0,071,273,045.0
Securities other than shares F3 570480 1458020  -88,854.0(1675684.0 540.827.0 1,134,857.0| 27,908.0 2,097,250.0 -2.069.342.0| 413,008.0 00 413,008.0|
Loans F4 | 189470 10670010 -1,0480540|1,8233500 1098460 17135040( 942640 17,2400 829560 13707.0 6919610 678,254
Shares and other equity F5 |525851.0 1666,671.0 -1,141,0200( 6329590 4756980 157,261.0/128,934.0 00 128934.0| 1,447,540.0 0.0 1,447,540.0|
Other inancial assets

- Insurance technical reserves F8 16,8960 1015560  -84,860.0| 63580 7587300 -7523720( 1,278.0 3,803.0 -2,5250| 862636.0 00 862,636.0|
~Derhaves andompl sockopions | F7 | 154250 143070 1,1180| 1259540 1387370 127830 00 31890 318990 7380 680 6700)
- Other F8 [147.171.0 91,326.0 55,845.0) 26.448.0 5,664.0 20,784.0[115,005.0 74,2450 407600 13,2860 935180 -80,232.0|
Net Worth BF90 1,649,2084 5644302 21264714 5756,516.0]

Note: ltaly, 2015, c.p., million euro.
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DEVELOPING THE MODEL

FEATURES AND ASSUMPTIONS

» Discrete-time macro (econometric) model. 5 sectors:
households, NFCs, government, banks, foreign sector
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» Based on Eurostat, while assuring stock-flow
consistency (ESSFC)

» Demand-led both in the short- and long-run
» Constant prices (2010) and national currency (Euro)
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Discrete-time macro (econometric) model. 5 sectors:
households, NFCs, government, banks, foreign sector

Based on Eurostat, while assuring stock-flow
consistency (ESSFC)

Demand-led both in the short- and long-run
Constant prices (2010) and national currency (Euro)

Output produced by firms only on behalf of other
sectors
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Discrete-time macro (econometric) model. 5 sectors:
households, NFCs, government, banks, foreign sector

Based on Eurostat, while assuring stock-flow
consistency (ESSFC)

Demand-led both in the short- and long-run
Constant prices (2010) and national currency (Euro)
Output produced by firms only on behalf of other
sectors

Distribution is determined by institutional & political
factors (3))
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DEVELOPING THE MODEL

FEATURES AND ASSUMPTIONS
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Discrete-time macro (econometric) model. 5 sectors:
households, NFCs, government, banks, foreign sector

Based on Eurostat, while assuring stock-flow
consistency (ESSFC)

Demand-led both in the short- and long-run

Constant prices (2010) and national currency (Euro)
Output produced by firms only on behalf of other
sectors

Distribution is determined by institutional & political
factors (3))

Each sector is marked by either a portfolio function or a
simple financial investment rule
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DEVELOPING THE MODEL (CONT’D)

» Net stocks of financial assets and liabilities
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DEVELOPING THE MODEL (CONT’D)

» Net stocks of financial assets and liabilities

» Simplifying hypotheses about sectoral portfolio
compositions
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» Net stocks of financial assets and liabilities
» Simplifying hypotheses about sectoral portfolio DEVELOPING THE
MODEL

compositions
» Banks and NBFls: integrated and consolidated sector



DEVELOPING THE MODEL (CONT’'D) "SFC Mover
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ESSFC position along Pagan’s ‘best practice’ frontier of models

DEVELOPING THE

fa) Conventional or orthodox models (b) Unconventional or heterodox models P —
Theoretical Thearetical
caherence ccherence

DSGE SFC and AB-SFC

Structural
macroeconometric

SVAR Levy-like SFC

Empirical Empirical
coherence coherence



HOUSEHOLDS: SELECTED IDENTITIES

HOUSEHOLDS DISPOSABLE INCOME

YD = GDPy+ WB — 1+ INTy+ T+ ANNy
where: GDPy = By - GDP.
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YD = GDPy+ WB — 7y + INTH + Ty + ANNy
DEVELOPING THE
where: GDPH = ﬁH - GDP. MODEL

HOUSEHOLD NET WEALTH

NWy = HOUSEy + Dy + Vg + By + OFINy — Ly
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HOUSEHOLDS DISPOSABLE INCOME

YD = GDPy+ WB — 7y + INTH + Ty + ANNy
DEVELOPING THE
where: GDPH = ﬁH - GDP. MODEL

HOUSEHOLD NET WEALTH

NWy = HOUSEy + Dy + Vg + By + OFINy — Ly

NET LENDING BY HOUSEHOLDS

NLy = YD+ FUNDS — CONSy — INVy
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HOUSEHOLDS: SELECTED BEHAVIOURAL

HAIG-SIMONS CONSUMPTION FUNCTION

Ch=oc1- E(YD) + C - NWH’_l
HOUSEHOLD INVESTMENT

INVy =09 4+ Y1 - INVH _1 + 02 - HOUSEH 1+
+ Y3 pH,—1
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HAIG-SIMONS CONSUMPTION FUNCTION

Ch=oc1- E(YD) + C - NWH’_l
DEVELOPING THE
MODEL

HOUSEHOLD INVESTMENT

INVy =09 4+ Y1 - INVH _1 + 02 - HOUSEH 1+
+ Y3 pH,—1

DEMAND FOR MORTGAGES & OTHER LOANS

Ly=LH -1+ ¢1- YD1+ ¢2- HOUSEH 1 + ¢3 - INVY 1



HOUSEHOLDS: PORTFOLIO CHOICE
EQuiTy & SHARES

Y
E(NFWp)

E(YDp)

= AffoJ”\fl'E(rv)JFAl%'E(Tvm

+)\{f3-E(rBA)

where A1 ; are empirically estimated. The same goes for Dy
and By. Note: rp = 0.
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HOUSEHOLDS: PORTFOLIO CHOICE

EQuiTy & SHARES

E(YDp)

Vi E(YDy)
E(NFWp)

_YH AM. E
E(NFW) AL Elrea)

= )\Il_{o+)\ﬂ1'E(rV)+)\ﬂz'
where A1 ; are empirically estimated. The same goes for Dy
and By. Note: rp = 0.

OTHER FINANCIAL ASSETS

OFINy = a8gp - NWy

When the correction mechanism is used, OFINy is redefined
as the residual share (05,,) of net wealth.
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AGGREGATE DEMAND

Yap = CONSp+CONSG+INV+HCONSy7+EXP—IMP—7NET
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(GROSS DOMESTIC PRODUCT

GDP = Y — CONS;yT + T,’;VET

DEVELOPING THE
MODEL

AGGREGATE DEMAND

Yap = CONSp+CONSG+INV+HCONSy7+EXP—IMP—7NET

NET LENDING BY NFCs

NLg = Mgy — INVE



NFCs: SELECTED BEHAVIOURAL

TOTAL INVESTMENT

INV=K_;- (gK + 5K)
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TOTAL INVESTMENT

INV=K_;- (gK + 5K)

DEVELOPING THE
MODEL

GROWTH RATE OF CAPITAL

Y M
8k = Yv+u- E(K) +n- E<KF> —vz- E(rz) = vr- E(rL,F)
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TOTAL INVESTMENT

INV=K_;- (gK + 5K)

DEVELOPING THE
MODEL

GROWTH RATE OF CAPITAL
Y M
8k = Yy +Tu- E(K) +n- E<KF> —z- E(rz) = vr- E(rLF)

IMPORT

Y
IMP = uo+II\/IP_1-exp<u1+,u2-/n(Y> + u3 - (NER — NER_1)>
-1



LEONTIEF FUNCTION

Yn= min(YLn, Ytr()
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n ( n’ n) DEVELOPING THE
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where:
log(Y5) = v + v1 - log(N) +v5 - t



NFCs: suppPLY SIDE?
LEONTIEF FUNCTION

Y, = min(YL,,7 Y,’,()

where:
log(Y5) = v + v1 - log(N) +v5 - t

and:
log(Y&) = & + vl - log(K) + 5 - t
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NFCs: SUPPLY SIDE?

LEONTIEF FUNCTION

Y, = min(Yt, YX)

n

where:
log(Y5) = v + v1 - log(N) +v5 - t

and:
log(Y&) = & + vl - log(K) + 5 - t

Note: ‘normal times’; used to determine py and pg, not Y.
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NET LENDING BY OTHER SECTORS

GOVERNMENT

NLg = GOVrey — GOVsp — INT¢
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GOVERNMENT

NLg = GOVrey — GOVsp — INT¢

DEVELOPING THE
MODEL

BaANKSs & NBFIs

NLg =Tg— DIVg — INVE

REST OF THE WORLD

NLgow = —(NLy + NLF + NLg + NLg)



CROSS-SECTOR HOLDINGS AND PAYMENTS

WHO PAYS WHOM

Sectoral portfolios are different in terms of asset types'’
composition (shares, securities, deposits). However, each
sector i (e.g. government) holds the same proportion of
x-type assets (e.g. bonds) issued by j to total x. Coherent
with the hypothesis that x-type assets carry all the same
average return rate.
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CROSS-SECTOR HOLDINGS AND PAYMENTS R
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WHO PAYS WHOM e
Sectoral portfolios are different in terms of asset types'’
composition (shares, securities, deposits). However, each
sector i (e.g. government) holds the same proportion of Doy
x-type assets (e.g. bonds) issued by j to total x. Coherent
with the hypothesis that x-type assets carry all the same

average return rate.

PAYMENTS AND HOLDINGS

Seldom dividends received by i mirror its holdings. Two
steps: a) total dividends received by i are corrected to fit
empirical evidence (DIV; = e;- DIVro1- Vi/ V10T, Where ¢
is the correction coefficient); b) each ‘issuing’ sector j pays
the same proportion (perc; = DIV;/DIVToT) of total
dividends to every other sector (so: DIV;; = perc;- DIV).
The same goes for interest payments.



DATA ESTIMATION AND CALIBRATION

METHODS

Initial stocks & lagged variables are set at their historical
value at 1996. Unknown coefficients can be: a) estimated,;
b) calibrated (data observation or literature); c) fine-tuned
to create baseline. Theoretical SFCMs are set up by using
(b) and (c). ESSFC coefficients are defined by (a).
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DATA ESTIMATION AND CALIBRATION

METHODS

Initial stocks & lagged variables are set at their historical
value at 1996. Unknown coefficients can be: a) estimated,;
b) calibrated (data observation or literature); c) fine-tuned
to create baseline. Theoretical SFCMs are set up by using
(b) and (c). ESSFC coefficients are defined by (a).

DATASET
1996-2016, annual, by sector, constant prices (2010). Pros:
uniformity, simplify coding. Cons: low frequency, short.
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DATA ESTIMATION AND CALIBRATION

METHODS

Initial stocks & lagged variables are set at their historical
value at 1996. Unknown coefficients can be: a) estimated,;
b) calibrated (data observation or literature); c) fine-tuned
to create baseline. Theoretical SFCMs are set up by using
(b) and (c). ESSFC coefficients are defined by (a).

DATASET
1996-2016, annual, by sector, constant prices (2010). Pros:
uniformity, simplify coding. Cons: low frequency, short.

ESTIMATION

Key equations: coefficients estimated one at time by simple
OLS. Pros: simplify coding (intermediate step). Cons:
endogeneity, spurious correlation. Note: MOVAV for
‘supplementary’ equation parameters.
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ROGRAMS" STRUCTURE
Excel balance
EU rOStat sheet and Take snapshot that helps DEVELOPING THE
' write program MODEL

Database Data
source
l Data source *.

‘ Manipulate data

Estimate coefficients
EViews Attribute values to
parameters and
variables

(O Q.
t.L Q _," Plot actual and estimated
T -7 \ time series

program

Excel
accounting
sheet

Download data

Create alternate scenarios

Create new series and compare with baseline

Collect and organise data



RUNNING THE SIMULATIONS

FITTING PAST DATA AND FORECASTING

Residuals assumed to reduce steadily up until ty and are
unwound afterwards. For t < tp, the estimate value of x,
corrected to improve the fit, is:

Xi=e "ot (xf-%) +x (1)

where x{ is the forecast value of x at t and X is the actual
(average) value of x.

AN EMPIRICAL
SFC MODEL

MARrCO
VERONESE
PASSARELLA

RUNNING THE
SIMULATIONS



RUNNING THE SIMULATIONS

FITTING PAST DATA AND FORECASTING

Residuals assumed to reduce steadily up until ty and are
unwound afterwards. For t < tp, the estimate value of x,
corrected to improve the fit, is:

Xi=e "ot (xf-%) +x (1)

where x{ is the forecast value of x at t and X is the actual
(average) value of x.

So, xt — xf, for t — 0; while xt — X (or x;) for t — to.
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RUNNING THE SIMULATIONS

FITTING PAST DATA AND FORECASTING (CONT’D)

For t > tg, the estimate value of x, corrected to smooth the
transition, is:

= e (x4 @

So, x{ — X for t — tp; while x; — x{, for t — +oo0.
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RUNNING THE SIMULATIONS

FITTING PAST DATA AND FORECASTING (CONT’D)

For t > tg, the estimate value of x, corrected to smooth the
transition, is:

x;p = e 0 (x—x)) + X (2)
So, x{ — X for t — tp; while x; — xi, for t — +oo0.
Future (predicted) residuals are allowed to increase gradually.

Model's forecast value departs gradually from the last
observed (average) value.
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FITTING PAST DATA AND FORECASTING (CONT’D)

This simple mechanism creates a moving ceiling for
residuals, which: a) improve artificially estimates of
stochastic variables; b) reset identities.
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FITTING PAST DATA AND FORECASTING (CONT’D)

This simple mechanism creates a moving ceiling for
residuals, which: a) improve artificially estimates of
stochastic variables; b) reset identities.

Note: option (b) requires identifying a ‘residual’ or ‘buffer’
variable to absorb the estimation difference (i.e. xt — xf).
‘Other financial assets’ is used by ESSFC.
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FITTING PAST DATA AND FORECASTING (CONT’D)
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FITTING PAST DATA AND FORECASTING (CONT’D)

Possible capital gains/losses (revaluation effect) are assumed
away on government bonds. As for other financial and real
assets, the revaluation effect is automatically accounted for,
as stocks at time t are defined as stocks at time t — 1 plus
changes in stocks’ value from t —1 to t.
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Cross-sector financial balances since 1996 (c.p., million euro)
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DATA FIT AND FORECAST

» Correction mechanism allows perfect match with last
observation
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DATA FIT AND FORECAST
» Correction mechanism allows perfect match with last
observation

» Each crisis affects ESSFC predicting power (pikes in
residuals)
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» Each crisis affects ESSFC predicting power (pikes in R
residuals) SII\IU’L;\TI‘ONS

» Neither a mere static simulation nor a narrowly-defined
dynamic one

» Middle ground: dynamic simulation, but ceiling for
residuals and moving averages
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DATA FIT AND FORECAST
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Correction mechanism allows perfect match with last
observation

Each crisis affects ESSFC predicting power (pikes in
residuals)

Neither a mere static simulation nor a narrowly-defined
dynamic one

Middle ground: dynamic simulation, but ceiling for
residuals and moving averages

Medium-run forecast: additional hypotheses on
coefficients are required
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DATA FIT AND FORECAST
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Correction mechanism allows perfect match with last
observation

Each crisis affects ESSFC predicting power (pikes in
residuals)

Neither a mere static simulation nor a narrowly-defined
dynamic one

Middle ground: dynamic simulation, but ceiling for
residuals and moving averages

Medium-run forecast: additional hypotheses on
coefficients are required

Useful to impose and compare different scenarios
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ALTERNATIVE SCENARIOS
Three alternative scenarios about government spending:
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ALTERNATIVE SCENARIOS
Three alternative scenarios about government spending:

» Baseline scenario: historical trend (black line)
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ALTERNATIVE SCENARIOS
Three alternative scenarios about government spending:

» Baseline scenario: historical trend (black line)

» Austerity: permanent cut in government consumption
(-1% of GDP, blue line)
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ALTERNATIVE SCENARIOS
Three alternative scenarios about government spending:

» Baseline scenario: historical trend (black line)

» Austerity: permanent cut in government consumption

(-1% of GDP, blue line) tons
» Profligacy: increase in government consumption (+1%

of GDP, red line)
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ESSFC reaction following shocks to government spending (cont’d)

A. Nominal GDP growth: alternative scenarics 8. Real GDPgrowth: akiernative scenarics
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2015 2016 w7 s 2019 2015 2016 w7 2ms 2019
— statusquo — status quo
Austerity (-1%) - Austerty (1%)
Profiigacy (+1%) - Profligacy (+1%)
C. Government debt (% GDP) when starting value < 100% D. Govemment debt to baseline) when startng value < 100%
1015 -
1010
1005
1000
0395
0390 <
0385 T -
2015 2016 w7 s 2019 2015 2016 w7 s 2019
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Profligacy (+1%)
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» Standard deviation is quite high
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Standard deviation is quite high
Increase frequency

Use cointegration, instrumental variables, other
econometrics
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Use net stocks and transactions
Reduce aggregation of financial assets
Microfoundations?



FINAL REMARKS

» Despite limitations above, ESSFC can be extended to a
variety of sub-sectors, variables, shocks and alternative
scenarios. It allows monitoring stock-flow norms, which
can possibly help detect early signs of economic &
financial fragility and crises.
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» Despite limitations above, ESSFC can be extended to a
variety of sub-sectors, variables, shocks and alternative
scenarios. It allows monitoring stock-flow norms, which
can possibly help detect early signs of economic &
financial fragility and crises.

» Useful benchmark for PhD students, early-career
researchers, non-neoclassical macro-modellers, and the
practitioners who want to expand their own set of
analytical tools.
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APPENDIX A: DEPENDENCY &
STOCHASTICITY
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Lags Only
——Lags + Contemparaneous
—— Contemporaneous Only

Dashed lines indicate the presence
oflagsileads of length four or more
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A Private sector netlending (% GDP) 5. Government sector net lending (% GDP) . Foreign sector net lending (% GDP)
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Supply of new housing

NHOUSE; = NHOUSE; 1 - (1 + gn)

Housing transactions (number)

NHOUSE,; = hg + hy - d(pH)

APPENDIX B

Housing price index

MORTy  E(YDy)
YDy  HOUSEy

pH = h3
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A. Housing market: quantity (thousands) B. Housing market: price (2010 = 100)
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C. Housing market: stock (2010 million euro)
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