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The model: main references

We extend the NAWM (ECB): micro-founded
open-economy model of the euro area

« Coenen, McAdam e Straub, JEDC, 2008: “Tax reform and
labour-market performance in the euro area: a simulation-
based analysis using the New Area-Wide Model”

o Christoffel, Coenen e Warne, WP ECB # 944, 2008: “The
New Area-Wide Model of the euro area: a micro-founded
open-economy model for forecasting and policy analysis”
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The Model: map of core structure

Households Government

- consumes final goods

Type | Type J - investments (buy final investment goods)

= consume (maximize utility) = consume (maximize utility) _issue domestic bonds
" hold money = hold money - levies distortive taxes: consumption, labor income and
» investment: government bonds, = less specialized labor payroll
international bonds and capital SEIVICES - transfers to households (biased to type 2 households)
= more specialized labor services
) - . Monetary Polic Fi | Poli
Labor services market: monopolistic competition Interest E/ate rulg Primasriasurglugule
with _Wage rigidities - (Forward Looking) = (Debt Stabilization Commitment and
Capital market: perfect competition Countercyclical Components)

Intermediate goods firms Domestic bonds market: households take IR

= combine labor and capital (private + public) inputs

Domestic market Exports Rest of the world

modeled symmetrically, except for:

Intermediate goods market: monopolistic competition o monetary rule: backward looking.

with price rigidities o fiscal rules: government consumption
_ _ rule and lump-sum taxes.
Final goods firms o steady state: smaller interest and
= combine domestic and imported intermediate goods inflation rates, and zero balance trade.
Private Government Private and Government

International markets:
* international bonds: sovereign risk spread
Final goods market: perfect competition (zero profit/price index) e intermediate goods: local currency pricing
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The Model: frictions

1 Nominal and real frictions (same as NAWM):

O sticky prices and wages prices (Calvo’s mechanism)

O external habit formation in consumption

O costs
Q adjustment of investment
Q variation in capital utilization
Q velocity of money in consumption (role for money)
0 adjustment of imports share in final goods production

a financial risk premium on international bonds market (in addition
to the steady state risk spread)

Q fixed cost on intermediate goods production (no dividends in s.s.)
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The Model: corrections, extensions and adaptations

J Public sector modeling

O primary surplus rule >
Q debt stabilization commitment
Q countercyclical
a smoothing (reversion to target)

0 mixed capital firms (private + public)
0 demand for subsidized public capital (covers depreciation)
a government investment rule (reversion to target )

U biased government transferences rule (reversion to target)

Q favorable to less specialized worker and investment
constrained household (Type J)

U forward-looking interest rate rule
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The Model: corrections, extensions and adaptations

] Heterogeneous job market
O specialized labor services
O same stationary hours worked for each group

] Perfect competition in final goods market
O price index: compatible with zero profit in final good production
L aggregate resources equation: becomes the standard

] Calibration for Brazil and ROW (Euro+EUA)
U small size open-economy (does not affect foreign economy)
O different levels of inflation
O domestic bond risk premium (in excess to the international rate)
U non-zero domestic trade balance
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The Model: size and computational aspects

U Endogenous variables and equations
1 137 endogenous variables (each economy)
274 equations (total)

O Exogenous shocks
L monetary policy (interest rate shock)
[ fiscal policy (primary surplus shock)
L government investment
O government transfers
U total productivity
O labor productivity (permanent one)

4 Solution and simulations
U fist order approximation with Dynare on Matlab
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SIMULATIONS
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Simulations: main questions

v How are fiscal and monetary impulses transmitted
through the model economy?

v How does the level of fiscal commitment to debt
stabilization modify the impulse responses to a
monetary policy shock?

v How do alternative specifications of the monetary
policy rules modify the impulse responses to a fiscal
or monetary policy shock?
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Simulations

1) Temporary and discretionary deviation from previous
announced automatic rules in the benchmark model.

o shock to interest rate rule

o shock to primary surplus rule

o shock to government transferences rule

o shock to government investment rule

2) Sensitivity analysis: fiscal compromise with debt
stabilization (®,)

o Impulse responses to a monetary shock
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Simulations (cont.):

3) Monetary and Fiscal shocks:

o Impulse responses to combined shocks
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Simulations (cont.):

4) Alternative components for monetary rule, backward
looking inflation, exchange rate and output growth:

o Impulse responses to monetary shock and fiscal shock
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Conclusions: simulations of the model economy

O Grater fiscal commitment with debt stabilization amplifies the impact on inflation of
a interest rate shock.

O Higher government transfers impose smaller government consumption and
investment, and also reduce incentives to work and invest (biased transfers to Type
J) resulting that the higher level of total consumption is not sufficient to interrupt the
slow down of economic activity.

O Increase in government investment is made through a drop in government
consumption, and also reduces incentives to private investments (substitution
effect), resulting in the slow down of the economy in the shot run.

U Distributive effects:

- contractionist monetary policy benefits type | households (higher interest rate
to investors)

- expansionist fiscal primary surplus shock, as well, biased transfers shock,
benefit Type J

- government investment shock benefits type | (subsidies to investors) in the
short run and Type J in the long run
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Benchmark calibration: interest rate shock

Interestrate Output Public Debt
% annualized % of stationary GDP % of stationary debt
16,0 100,20% 101,0%
155 100,00% orGmmsi o D 5
J‘E)'O 99.80% 100,0“/0 T — P g - T .
14,5 99,60%
14,0 99,40% T T T T T T 1 9 0% T T=T T T T T
1234567 8 910111213 14 15 16 17 18 19 20 2 G5 GG Q) R R S A i ) ) ) 123 456 7 8 9 10111213 14 15 16 17 18 19 20
Consumerprice inflation Outputgrowth Primary surplus
% % annualized % of GDP
20004 -
4,60 1 300 1 3,80% i
i 3,70% -i =t
450 T e < > 200 4 o R e Bttt
i 3600 4—af— e . e e
2
1,00
g0 3,50% '}‘
i 1
12 34 56 78 9101112131415 1617 1819 20 1234656 7 8 9 1011 12 13 14 15 16 17 18 19 20 12 3456 7 8 9101112131415 1617 18 19 20
Consumer Pricelndex Capital Utilization Public Debt
% of stationary IPC % of quarterly GDP
100,02% 1,0010 “i P 215,0% 1
99,99% 1,0000 214,0%
99,96% 0,9990 218,0%
99,93% 0,5980 212,0%
99,90% - T T Y T T 09970 + 211.0% T T T T
123456 7 8 9 10111213 14 15 16 17 18 19 20 1 23456 7 8 910111213 14 15 16 17 18 19 20 1ol 3 AR 6Tz iR g 1011012 13 14 15816 1718 1920
Private consumption Wages Hours worked
% of stationary consumption % of stationary wages
100,20% 100,10% 0,8440
100,00% e - 0000 & ——— —— =3 = | 08430
= 0,8420
’ 99,90%
99,80% o 0.8410
L 4 4 4 4 Ct+3
—_— — 5 - A + - 5 + . + 5 -_— - + g —————
-1 -2 P R,t
Ct-1
! (J
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Benchmark calibration: interest rate shock (cont.)

Private consumption Wages Hours worked
Ratio between groups !and J Ratio between groups | and J Ratio between groups | and J
2,880 2,871 1,0010
2,875 2,871 10000
2,870 D =09 2,870 y = 2= YT e et
0,9990
2,865 2,870
2,860 T T d 2,869 09980 +
{1 23456 7 8 9101112 1314 15 16 17 18 19 20 {5 3 UlE 7R 9 10l 1o 13014 15 16 1718 19 70 8 D2 o RGN RS e 20
Total investment Government investment Private investment
% of stationary investment % of stationary investrnent % of stationary investment
100,20% 1 100,20% 1 100,20% 1
A ~ . . ; } e o—e o
100,00% ) all Sl - * 100,00%
99,80%
808 99,80%
99,80% . b
99,60% + 99,40% + 99,60% +—
123 456 7 8 9101112131415 16 17 18 19 20 123456 7 8 9 10111213 14 15 16 17 18 19 20 123456 7 8 9 10111213 14 15 16 17 18 19 20
Private consumption Government consumption Investment
% of GDP % of GDP % of GDP
62,00% 20,10% 18,06% . i
51959 18,03%
61,95% T
61,90% = 18,00%
st s 19,.90% . oo ottt
61,85% 0 17,97%
61,80% * 19,80% + 17,94% =
123456 7 8 9 101112 13 14 15 16 17 18 19 20 123456 7 8 91011121314 1516 17 18 19 20 123456 7 8 9101112131415 16 17 18 19 20
Nominal exchange rate Exports Imports
% of the stationary exchange rate % of GDP % of GDP
12,82%
100,20% 12,61%
100,00% —__ 12,80%
99,80% 12,60%
12 78%
99,60% TR
99,40% 12.76% 1259% -+
12,76% T
123456 7 8 910111213 14 15 16 17 18 19 20 1 93 4 E 6 7 oa8401112 13 141516 1718 19 20 123456 7 8 910111213 14 15 16 17 18 19 20
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Benchmark model: shock to primary surplus

Interestrate Output Public Debt
% annualized % of stationary GDP % of stationary debt
15,00 101,40% 101,5% 1
i
14,90 101,00% 101,0% 1 > ® -©
14,80 100,60% 100,5% J,
100,20% 100,0% —— e e ~r e
14,70 ® : :
0/ 0, r
1460 + . 99,8006 T=mrt Toeest Toaet i Tt T T 99/5%: 4 T
123456 7 8 0101112 13 14 15 16 17 18 19 20 123456 7 8 91011121314 1516 17 18 19 20 123456 7 8 91011121314 1516 17 18 19 20
Consumer price inflation Output growth Primary surplus
% annualized % annualized % of GDP
0,
470 4 8,00 4,00% 1
6,00 3,70% b ~ ~
4,60 —_——
4,00 3,40%
450 2,00 = = e - 3,10%
AT T e e P P e P P P P P e P e e e 0,00 2,80% - == T T —T T
123456 7 8 91011121314151617 1819 20 123456 7 8 9101112131415 16 17 18 19 20 123456 7 8 91011121314 15 16 17 18 19 20
Consumer price index | Capital utilization Public Debt
% of the stationary index | % of quarterly GDP
100,40% W | 1,0150 214.0% ]
Y Lot . o G== <
100,20% | 10100 213,0%
1,0050 212,0%
100,00% S 0
1,0000 211,0%
99,80% T T T T T 09950 + 2100% T T T T T
123 456 7 8 91011121314 1516 17 18 19 20 123456 7 8 910111213 14 15 16 17 18 19 20 1520 3. 4506 789110 11:12:13 14 15:16' 17. 18 19:20
Private consumption Wages Hours worked
% of stationary consumption % of stationary wages
100,40% 100,40% 08540
100,20% 100.20% 0,8500 -
10000%. +— — — e W 0,8460
100,00% e ° i
99,80% 0,8420
R e e e e e 99,80% ¥ ' 2 i Y : g 08380 5 ¢ : . :
123456 7 8 9101112 13 14 15 16 17 18 19 20 12034 5 6iE 88 OR40)19 12043 14 15816117 18719120 1203048 567 8 9810 11 19813794 15 16.97-18119:20
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Benchmark model: shock to primary surplus (cont.)

Private consumption
Ratio between groups land J

2,880

2,870 < =0

2,860

2,850

2,840 T T T TN T T T T T T T
12 3 45 6 7 8 91011 121314 15 16 17 18 19 20

Wages

Ratio between groups land J
2,871
2,870

2,869

A R R R R B

123456 7 8 91011121314151617 181920

Hours worked
Ratio between groups land J
1,0040

1,0020

1,0000

0,9980

1234 85 6 7 8 9101112131415 16171819 20

Total investment
% of stationary investrnent

Government investment
% of stationary investment

Private investment
% of stationary investment

100,20% 3 101,50% 7 100,20%
00%
. 101,00% o 0
100,50%
9.80% & & = 99,80%
b 100,00% *=0-—n o—0-g 0
99,60% 99,50% 99,60%
123456 7 8 9101112131415 1617 1819 20 123456 7 8 910111213 14 15 16 17 18 19 20 123456 7 8 9101112131415 1617 1819 20
Private consumption Government consumption Investment
% of GDP % of GDP % of GDP
62,00% 20,60% 18,20%
61,80% ~ " 20,40% 18,15%
61,60% 20,20% 18,10%
61,40% 2000% | .. . 18,05% il g
T e e T T T T T e e T [T 10 O T e e Ty e e T T T P e e 18,00% T T T T T
12 3456 7 8 91011121314 1516 17 18 19 20 123456 7 8 91011121314 1516 17 18 19 20 123456 7 8 910111213 14 15 16 17 18 19 20
Nominalexchange rate Exports Imports
Y% of starionary exchange rate % of GDP % of GDP
: 12,80% ] 12,60%
100,50% 1 TR0
12,75% 1 o v 12,58%
100,20% |
12,70% 12,56%
99,90% 12.65% j 12,54%
99,60%

12345678 91011121314151617 181920

12,60% T T T T T

1 2345 6.7 891011121314 151617 181920

12,52%

12 3 456 7 8 9 10111213 14 151617 18 18 20
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Benchmark model: shock to gov.

transferences

Private consumption
Ratio between groups | and J

2,880

1

I

|
2860 1

2,840

i
I
|

2820 +

e e e e e e e e e e e

6 7 8 9 1011 12 13 14 15 16 17 18 19 20

Wages
Ratio between groups | and J

2,8705

2,8700

2,8695

2,8690

2,8685 1 T T T T T T 1

1 2 834 5 6 7 8 9 1011 12 13 14 15 16'17 18 1920

Hours worked
Ratio between groups fand J

1,0030
1,0020

1,0010

1,0000 @

0,9990

0,9080 + T — T T T

1 2 3 4 5 67 8 9 1011 12 1314 15 16 1718 19 20

Government transfers
% of GDP

16,50% 17
16,00%

15,50%

15,00%

14,50%

12 3 45

6 7 8 9 10111213 14 1516 17 18 19 20

Governmentinvestment
% of stationary investment

L

123 465

100,40%

100,00%

99,60%

99,20%

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Private investment
% of stationary investment

100,10% 7§

100,05%

100,00%

99,95%

12 3 456 7 8 910111213 14151617 18 19 20

Private consumption

Government consumption

Total investment

12 3 4 5 6 7 8 9101112131415 16 17 1819 20

1 2.3.4 5.6.7 8 9.1011 12.13 14 15.16 17 18 19.20

% of GDP % of GDP % of GDP
62,60% 20,01 1 18,06% -|
62,40% 19.80% 18,03% - i
62,20%
19,60% 18,00%
62,00%
— 19,40% 7%
61,80% 19,40% 17,97%
616006 T =T—t—T 1Tt —TT T T T T 19.2000 1T T T T ™T T 3 17.94% -+ T T T — T
1 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 12 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 12 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
Nominal exchange rate Exports Imports
% of the stationary exchange rate % of GDP % of GDP
12,90%
100,05% 5 12,70%
12,85%
100,00% 12,65%
12,80%
99,950 = 2.609
99,95% o 12,60% = o ———e
99,00% T T r T : 12,70% - r T T T T 1255% -+ T T T . T

4 2 34 5 607 8 9 1DH1 12 134445 16 17718 19 20
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enchmark model: shock to gov.

transfer. (cont.)

Interestrates

% annualized

Output
% of stationary GDP

Public debt

% of stationary debt

14,72 100,50% 100.1%
14,70
1000006 T — 100,0%
14,68
99,50% 99,9% - -
14,66
14,64 - 99,00% 29,8% +
1. 2.3 4 5 6.7 .8 9.1011 12 13 14 .15 16 17 18 19 20 1 2 8 4 5 6 7 8 9 1011 12 1314 15 16 17 18 19 20 12 3 4 5 6 7 8 9 1011 12713 14 15 16 17 18 19 20
Consumer price inflation Output growth Primary surplus
% annualized % annualized % of GDP
9
450 o 450 1 375% 1
E 3,00 3,65%
4,50 o—o—c—o—0—0—o—C—o
] 1,50 3,55%
- 0,00 3,45%
4,46 +— } -1,50 + T ! T T T \ 33500 +
1 2 3 45 6 7v 8 9 10 11 12 13 14 15 16 17 18 19 20 =2 3485 6 w8 9 qONT] 12 13814 15 168718 19520 1 23 4 5 607 8 9 1011 12 13114 15 16 17 18 19 20
Consumer price index Capital utilization Public debt

9% of stationary price index

e %\

12 3 45

99,98%

99,96%

99,94%

99,92%

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Private consumption
% of stationary consumption

100,40%
\
“1

99,80% T == T —T

100,20%

100,00%

8 9 10 11 12 13 14 15 16 17 18 19 20

1,0020

1,0000

0,9960

09940 T T T T T ]

% of quarterly GDP

-

12 3 45

214.0%

213,0%

212,0%

211,0%

6 7 8 9 1011 12 13 14 15 16 17 18 19 20

Wages

% of stationary wages
100,00% ]

| =

99,95%

99909 t==r —T T T T v

1. 2.3 4.5 .6 7 -8 9 1011 12 14115 16 17 (18119 20

Hours worked

—

LoZag A Bde o & Ll Gl ab Gied Al ks G5l ks i) o)

0,8430

0,8410

0,8390

0,8370
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Benchmark model: shock to gov. investment

Private consumption Wages Hours worked
Ratio between groups | and J Ratio between groups iand J Ratio between groups | and J
2,880 2,871 1,0020
2,875 2,871 1,0010
2,870 2,870 1,0000
k.
2,865 2,870 0,9990
PEED e e e e 2,869 =+ T T T T T T 0,9980 T T T T o
1 2 345 6 7 8 9 101112 13 14 15 16 17 18 19 20 1 2 345 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 18 o8 3020 s e el ol 0M1 128 1381488 16 170181101120
Total investment Governmentinvestment Private investment
% of stationary inve % of the steady state % of the steady state
106.00% 200,00% 1 10020%
104,00%
z ° 150,00% 100,00%
102,00%
100,00% — e — 99,80%
100,00%
98,00% + . 50,00% + v 99,60% +
123 45,6 7 .8.9.10 11 12:13/14 151617 18 19,20 123 4,56 7 8910 11 1213 14 .15 16 17.18/19 20 1 23 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
Private consumption Government consumption Total investment
% of GDP % of GDP % of GDP
62,10% 20,00% 19,50%
62,00% 19,00%
19,50%
61,90% 18,50%
19,00%
61,80% 18,00%
GHLTAEE A —T T — —T 3 18,5000 + Py T T ot T T 17,50% r— T T T T
1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 123 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 12 345 6 7 8 9 101112131415 1617 1819 20
Nominalexchange rate Exports Imports
% of steady state I % of GDP % of GDP
| 12,90%
101,30% - 12,90%
| L
[ 12,85% 12.80%
100,80% |
| 1280% 12,70%
|
100,30% ..
| 1275% 12,60%
|
|
99,80% +T T T T T i 12,70% 12.50% T T T T T T
1 283 4 5.6 7 8 91011 1213014 15 161718 19.201 | i2g 46 6 7 6 9 0l ey iz 4 28 3l 4. 5 6 g ol 100412 130141516 17, 18119120
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enchmark model: shock to gov. investment (cont.)

Interestrates Qutput Public debt
% annualized % of staticnary GDP % of stationary debt
150 1 100,50% 100,2%
e
14,9 100,30% e B o AR
: /,
9
148 100,10% i A 100,1%
] 7
14,7 99,90% 4
- /./ 100,0%
14,6 99,70% Pemge®
14,5 T T Ty 99,50% 4 99.9% T T T r— — —
1 2 345 6 7 8 9 101112 13 14 15 16 17 18 19 20 1 23 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 1 23 45 6 7 8 9 10111213 14 15 16 17 18 19 20
Consumer price inflation Output growth Primary surplus
% annualized % annualized % of GDP
4,65 2,50 1 P S 3,70% ]
1 P -«..-.h“.
450 2,00 e —— e R e b S 3,65%
4,55 1,50 3,60%
4,50 1,00 / 3,55%
4,45 -t — T Tt T 1 /50 = 3,50%
1 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 1 2 345 6 7 8 910111213 14 15 16 17 18 19 20
Consumer price index Capital utilization } Public debt
% of stationary index I | % of quarterly GDP
100,20% | 10080 E 214,0%
i
213,0% ¥
100,10% | 1,0040 | 5
212,0%
100,009 1,0000 —o—o—9
211,0%
99,90% 0,9960 T T T T 1 210,0% T T T T T T
L2345 673 ¢ iisis iy (6 iE Z) 789101112131A151617181920i 1 2 3 456 6 7 8 9 10111213141516 171819 20
Private consumption Wages Hours worked
% of stationary consumption % of stationary wages
100,20% 100,30% 0,8450
100,10% 100,20% 0.8440
100,00% 100,20% 0,8430
99,90% 100,00% 08420
99,80% T T T T T T T T T T T T 99,90% . T T T T 0,8410
123456 78 910111213141561617181920 12 53 46 6 78 910111212 1415161018 1920 1 2 345 6 78 01011121314151617 1819 20
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Fiscal commitment with debt: monetary shock

Increase the reaction to debt deviation from steady state (P,):
o public debt returns faster to the stationary trend,
o higher impact of a interest rate shock on inflation and output;

Interest rates Consumer price inflation Output
% annualized % annualized % of stationary output
160 1 20 100,50%
: 48 1 -
-
15,5 AG 4 - 100,00% s
15,0 ] — L i s
o a0 s - 99,50% 5 -~
! 42 A ’/ S\ ,/
14,0 a0 .7 99,00% > s
135 o8 \“ /’ 98.50% \\ I’,
- L fel0)
13,0 36 - b D SGSY. e So .
~ -
125 + 34 98,00% .
128 46 5.6 7 6.8 1991203 14 15 16 17 18,99 28 12 8 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 123 456 7 8 91011121314 15 16 17 18 19 20
Public debt Primary surplus Government consumption
% of quarterly GDP % of GDP % of GDP
215,00% 4,50% 20,40%
213,00% m 4% 20,00%
13,00% X ) 0
— “\&-;-;_ —————=. | 37%
211,00% 1 e maammeme o 19,60%
209,00% + 2,90% - 19,20% +
1 2034 5 6 7 8 991011 121314 15 161718 1920 1 293 4 567 89 0T oN AT 6 1181900 12 3456 7 8 91011121314151617181920

steady state

coefficient = 0.04 (benchmark)
______ coefficient = 0.20

coefficient = 0.50
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Combination of fiscal and monetary shocks

Positive interest rate shock + negative primary surplus shock:
o debt returns more slowly to steady state level

o expansionist fiscal shocks mitigate contractionist effects of monetary
policy shock on inflation and output

Interestrate
% annualized

1..2..3 4.5.6.7 8.9 1011 12:13 14 15 16 17 18 .19 :20

Consumer price inflation
% annualized

4,70
4,60

4,50

4,40

430 =T
1203 4. '5.68 7 8.0 1081 12° 13814515 16517188 19820

Output
% of stationary GDP

101,00%

100,50%

100,00%

99,50% - *

23 Ao G 7 BRG] 0 T8 3 04§ BRIG E1.7 1 3 M 0820

Public debt

% of quarterly GDP

216,00%

214,00%

212,00%

210,00% =

1.2.3:4 567 8 9:10.11 12 1314 15 16 17 18 1920
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Primary surplus
% of GDP

1208046 67 8 9L 0R11 123014 15816 171821920

steady state

interest rate shock (+1 p.p)
interest rate shock (+1 p.p) + primary surplus shock (-1/2 p.p)
interest rate shock (+1 p.p) + primary surplus shock (-1 p.p)

Government consumption
% of GDP

20,70%
20,45%
20,20%

19,95%

9050+ ateaml
1oZ &4 5 6§ 7 8 @ il g i iy e iy i e Z20




Monetary rules: response of monetary shock

v Backward looking inflation:

* no significant differences

Interest rate Consumer price inflation Output
% annualized % annualized % steady state output
15.900 J 4.550 100.1%
15.700 100.0%
15.500 9 4.500 0
15.300 1 99.9%
15.100 9 4.450 99.8%
14.900 9 99.7%
14.700 T 4,400 .
14.500 1 [ 99.6%
14 200 4350 ¥ T T ™ T T T T ™ T T T T ™ T T QQ R0A T ™ ™ ™ ™ — ™ ™ ™ ™
Public debt Primary surplus Government consumption
% output (quarter) % output % output
214.5% 9 3.75% 20.05% 9
214.0% 9 3.70% 20.00%
213.5% 9 3.65% 19.95%
213.0% 9 3.60% 19.90%
212.5% 9 3.55% 19.85%
212.0% 350% + 19.80% *
—— steady state benchmark model

backward looking
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Monetary rules: response of monetary shock

v Reacting to exchange rate deviations:
* monetary policy shock less active: interest rate deviates less from s.s.

* inflation and output return more slowly to s.s.
 debt, primary surplus and consumption deviate less from s.s.

Interest rate Consumer price inflation Output
% annualized % annualizaed % stationary output
15.900 9 4550 100.1%
15.700

100,00 e e e e e
15.500 9 4500 T 7 S e e aeees T
5304 ~ NS e 99.9% T -

. - ~ -
15.100 9 4.450 Prle 99.8% ~f—
14.900 P om o= em iy - 99.7%
14,700 g —yemeams——— 8Ll I VT
14500 4 | 99.6%
14.300 4350 T—————————T—T T T T 00.50) Fryr—p—————————————— )
Public debt Primary surplus Government consumption
% output (quarter) % output % output
214.5% 9 3.75% 20.05% 9
214.0% 9 3.70% 20.00%
213.5% 9 3.65% s T T T Ssse=T 19.95% N~
_________
2z § o7 T T T~ 3.60% ,r’ 19.90% S~ —— ===
L, - T Sc———— Y TN S
225%% ¢4 T TTEemees—— 3.55% 19.85%
212.0% 3500 19.80% ¥
steady state Benchmark
model

=<=<= reaction to exchange rate
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Monetary rules: response of monetary shock

v’ Reacting to exchange rate deviations:

e less volatile exchange rate, stabilizing at the same level in
the long run;

Nominal exchange rate
% stationary exchange rate

100.2% -I

100.0%
%8N =~~~ T TTTTT===
99.6%

99.4%
99.2%

99.0% v

steady state benchmark model
——=—-=< reaction to exchange rate
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Monetary rules: response of monetary shock

v' Reacting to output growth:

* monetary policy shock less active: interest rate drops and stays long period
below steady state level for a long period

* inflation persists much longer below s.s.
e output deviates less from s.s.

Interest rate Consumer price inflation Output
% annualized % annualized % stationary output
15900 9 4.550 100.1%
igggg 4.500 100.0% P ————————
B 9 LN Y 2 N I N Y
- e -t
304 N g o= 99.9% ‘---,‘--.’-” -
15.100 frq 4.450 ’,—’ . 99.8% ~afe=”
14900 Lo dg= =i L Ly 99.7%
ii'égg - T Sy —- D D D 40 T ercccacaase=e="""" 99.6%
14.300 4,350 T—y———urereTe——————rer 99.5% Ty T oToTT———————ererry—
Public debt Primary surplus Goverment consumption
% output (quarter) % output % output
214.5% 3.75% 20.05% 9
214.0% 1 3.70% 20.00%
-— e S
213.5% _ 3.65% ";,,-.---.“-.-—w:._-==-.-== 19.95% S \“ <
213.0% }”d‘-‘h.“.=2:- 3.60% > 19.90% et vearrccesrsansocTUR EIAESSSS
b k-,
225 4 TTTeme———— 3.55% 19.85%
212.0% * 350% 10.80% *
Steady state becnchmark model

—=—=reaction to exchange rate reaction to output growth
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Monetary rules: response of fiscal shock

v Backward looking inflation:

e monetary policy reaction smaller and with a delay

* inflation deviates less from steady state

e output returns a little faster to steady state

* no significant differences in the trajectory of other variables

Interest rate Consumer price inflation Output
% annualized % annualized % steady state output
15.000 4.700 101.3% 9
%2'888 4.650 I 101.1%

: : 100.9% 1
ﬂ-ggg 4.600 9§ 100.7% ¢

: 1 100.5% ¢
14.750 4,550 100.3% 1
14298 4500 100.1% 1 — —
14.600 4.450 99.9% 9
14.550 - 99.7% 1
14500 r—pr—pm—p————r————————— ——— 4400 r—pr————————r——— e e — 00.50) ef—pr—g—————————————— ———
Public debt Primary surplus Government consumption
% output (quarter) % output % output
%15.0% g.ggga 1 20.70% ]

14.5% .60%
214.0% 3.50% 20.50%
213.5% 3.40%

. (] . 0
212.0% 3.10% 20.10% 9
211.5% 3.00%

N 0 . 0
210.0% 2.70% 19.70%

= steady state Benchmark model

backward looking
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Monetary rules: response of fiscal shock

v’ Backward looking inflation:
» exchange rate deviates less from steady state

Nominal exchange rate
% stationary exchange rate

100.6%
100.4%
100.2%
100.0%
99.8%
99.6%
99.4%
99.2%
99.0% *

— Steady state Benchmark
backward looking model
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Monetary rules: response of fiscal shock

v Reacting to exchange rate deviations
* no deviation of inflation from its steady state
* interest rate drops a little in the short run
 output returns faster to steady state level
 debt increases more in the middle run (base effect of output)

Consumer price inflation Output ‘0
Interest I'E!.te % annualized % steady state output
% annualized
15,200 5,050 101.3% 7
101.1% 1
15,000 ] ————— - 4.950 w09 1\
14,800 ——— 4.850 100.7% 1 S
__________ K
14600 1 _7 4750 s HERN
- -2 70 ~
14,400 4.650 100.1% — ——
0, - -~ —_—_——
14200 A Loass0 e oo ] —-———
14,000 W 4450 HMTT—TT—T T T T T T T T T T T T T 99.5%
Public debt Primary surplus Government consumption
% output (quarter) % output % output
ﬁigﬁf’ ggﬁ» ———————————————— 20.70%
2/ 1 T T T = . (] —
%lél.()% prad —— g.%/o — 20.50% l
13.5% T 340%
213.0% e 3.30% / = 20.30% \\
212.5% 3.20%
et 17 8 Y/ o I
5% .00% _—
%1%.0% 7 g.g/u 19.90% ———————
10.5% .80% -
210.0% 2.70% 19.70%

steady state benchmark model
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Monetary rules: response of fiscal shock

v Reacting to exchange rate deviations
e exchange rate deviates less from steady state

Nominal exchange rate
% stationary exchange rate

100.6%
100.4%
100.2%
100.0% =

99.8%
99.6%
99.4%
99.2%
99.0% +

steady state benchmark model
— — — “reaction to exchange
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Monetary rules: response of fiscal shock

v'Reacting to output growth:
 higher and more persistent inflation
 output deviates less from steady state in the short run

* public debt increases much more in the short run, but increases a little
more in long run

Interest rate Consumer price inflation Output ‘0
% annualized % annualized % steady state output
0,
17800 § jpoodll ISP L BN 10126 1
17300 1%, 490 1 7 Tesa L 100.9% 1
16800 { “\ a0 1, TTSseaal_ 1007%
16.300 AN a0 14 TTTs=eeaa_ 103 NS
el .3% - e ccc e
180 N 4650 1001% A S == ettt
: AR, = - - ... ... 4550 999% {1 =0 —T—————— -
14.800 Y ———— e & e e e —— 99.7%
14.300 T T T T T T T T T T T T T T T T T T 1 4450 +——T—T T T T T T T T T T T T T T T T 99.5%
Public debt Primary surplus Government consumption
% output (quarter) % output % output
%%451(5}3? ______________ ggﬁ) P e L ST 2 S X S S Y Y T 102.0%
.o% Pd —_—— e e, ccccc - .| (] rd — -- -
’ - —_— - PR 015% 1 mmme——
%ﬁ:gﬁ; / / T S ——— g%ﬁg I’/ - 000% 1 00 i meeme=====TTT
o 1 o 20 | 7 '
5% 3.20% 100.5% -
2206 17 3.10% / 100.0% ,;’
5% y/ 3.00% -
211.0% 290% 1/ % 47/
210.5% 280% | 99.5% Jr'
210.0% 2.70% 99.0% -+

[,“"L',; BANCO CENTRAL DO BRASIL

33




Monetary Policy Rule

Domestic economy:

R = o R+ R + (1=~ os) R4+¢H[ —n}
15 ¢gY (gY,t—l — 0Oy )+ 8R,t

ROW:

4 4 4 PCt Yt
Rt 1 ¢R-Rt—1 "'(1_ ¢R)'|:R +¢H£P,_HtJ:|+¢gy (_ gY]+gR,t

C,t—

L‘"L',; BANCO CENTRAL DO BRASIL 34




Calibration: some parameters and s.s. values

TB/P,Y

IM/Y

P1./P,Y

Sp

W /W]

0.01194

0.12241

0.01860

0.03600

1.04500

2.86000

0.59260

Trade balance

Imports

Government investment
Primary surplus

Inflation target

Wages ratio

Size of the Group J of households

L:'L',; BANCO CENTRAL DO BRASIL
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Calibration: taxes

Tt 0.16200 Consumption tax rate

T° 0.15000 Dividend income tax rate

% 0.15000 Capital income tax rate

7 0.15000 Wage income tax rate

Wh 0.11000 Pay-roll tax rate levied on wage income (social security)
Wy 0.20000 Pay-roll tax rate levied on wage payment (social security)

D
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Risk adjusted uncovered interest parity

From de FOC'’s of the consumer (type I) maximization problem:

ﬂRtEt|:Ai,t+l PC,t :|:1
Ai,t I:)C,t+1

A. P
ﬂ(l—rBF<B.i>xprémio>RF_te{ s By 2}1

Then

R = (1_ FBF (BIF,t))( prémiO)RF.t E, {%}

t

37
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Fiscal Sector

Primary surplus.
P =7°P. C +(" +7" +7," )W.N” + z°.D,

Ty (RH U, A _(F (ul,t)+5)'PI,t )‘KH,t + ul,t'RG,t'KGt
It Gt TR[ PG,th

I 5
Capital accumulation: Kg1 = (1- 5)KGt+£1 F[I JJIGJ
G,it-1

Transfers: tr, = (A—p, ) tr + p, L1 + &,

Investment: 10, = (1— Pig )-ig T Pig 19, + Eigt

38
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Fiscal Sector (cont.)

Government budget constraint (costs of refinancing government):

bt bt+1 3 m—l
i =30, +M —
72O I\ 72 .G
where b = B, and m = M,
I:)Y,t—l'Yt—l I:)Y,t Yt

Primary surplus rule:

P = Preyp- P T Pogp- P
+ (1_p1,sp _pz,sp) : {Sp T %(h o Q()}
+ ¢gY '(gt—l_ gY) T €t

39
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Regions of convergence (unigue solution)

Fiscal x Monetary activeness

Infiation targ et coeflelent In the monet. polley mle S

E 5@EEEEEEEEE%%EEEEEEEEEEEE

calibrated
4 *1 2 %1
ol 5
5 * 7
=2 ) 13 B E i) Ol (Lo [ e A j [ v ]
Debt cocliciest s the primary surples rule g, EJ:'
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1005+
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] 40 ] &0 100
Publle debtGDP (b)
213 r\“‘-..
: I--.-‘--.---'-————_
212_‘
21
N4 60 0 10
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1,036 == : :
0024}’
00:2f
003
M40 B0 B0 4D
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0,204
0,202,
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w0 40 B0 &0 10

®,, = 0.30

®_ =157

MNominal interest rale [r‘-'l}"lUI}

15
14505 ; ] \ !
0 4 B0 & 100
Cosumer piice [lation {inpe® 11100
448}
48|
|
L] i U S
0 40 60 80 00
Output (y")
101 |[“ CE
1008
0 40 80 B0 100
Public debl/GDP (k)
2 7N, ’ o
212 “ “‘\\_-_'-.-—-————
211},
21
i 40 B0 Fili] 100
Primary surplus/GDP (spi
o0l N
0036+ \\\_,_..F
0.024} .
0.032t)
00/ i ; . "
W 40 60 80 100
Government censumption/GOP (gp)
0202},
gafe S
018} .
R T 4 L i -
N 40 60 0 100

®,, = 1.00

Hominal interest rate (r*+1)100

25
L] S o
N4
W, . .
& 40 80 B0 100
Consumer price Inflation firps™-1)*100
ol -
| i RSP S-S
4t ,:’f
LA :
20 4 60 80 100
Oulput (yh®)
1057 %
1; :‘ :ﬁw—-—ﬁ-
20 40 60 80 100
Pubdic debt/GDP (b)
pA L I k g g
22 s l_/'f-\'_'-'_
M " I i
0 40 €0 8 100
Frimary suplus/GOP (spi
00sf 7
004+ % |
003f © W
002k -
20 40 60 g 100
Gevammert sensumplion/GDP (gp)
o . . .
Wi s 3 u-"-—-.uu.-—
(AT
LW . . .
W0 40 ] & 100

Mowinal Interest rete %4100

.“-
0. %
) f\.‘_/"‘u
10
— it
20 g 60 80 o
Consumer price inlaben (npe’-11°100
taf '
0
| - A\\f-\,___
L ] B0 B0 100
Output fyh")
12 -l-.I “-.
1 . ,‘Lf\\_'_/—-—\‘
| II‘\_,":I. i 1 _
F I B0 80 100
Public debbAG0R (b)
Mp———————————————
216§ *, Mo
214} | i
22—y \'/"'\‘..-
o
4] S
208 LY i
X W B0 80 100
Primary sufplss/G0P (5p)
T
001 y I'“\-/p"'\.
0.04f = Ak
oot ;%
0f ; el
. i "
20 Al -] 80 100
Gavermment consumplioniG0P (o)
AT ~
0ozf . S
e e
o hor
016 ¢
L¥] "
24 80 B0 100



®,, = 0.00

®_ =0.00
Nominalinterest rae (F*1)100 Nominal neres ate (1100 Nominaliterest rate (11100 ominal iterest rale ir*1)°100
— T ' —— Baf
. 1475 . 147) 1 i
1 il | 1
" - m\ l af
. i 7 i 1 L 1 e S A R o
N0 80 8 I N 0 80 & 10 D 0 6 @ 0 N 40 80 80 100
Censumer price inflaien finpe®.4)4100 Cansumer prce inflaion inps*-1)"10¢ Consumer price Irflaion (np™1)*100
i e i 2 sl J ' ' Consumer price inflaben (iage®.1)00 g
455, 426] e -
. EI 48}
.'n 452 l.‘ " I'l.
45l 8L 15 I
W o 6 0 10 “H 4 8 L 1w Y~ nod0 ® W10
oulput (i Cutput (74 0 B & 1 Qulpu (')
e a0 Output (") I ———
- i T ' 0t h\
e i A o
i i i ; d - = : L I-'-. 1 R R
M4 B0 B0 10 L A | S N —— M40 60 80 100
Puske cebtGDP (h) Publie JabbiGOP (b Pl PL[‘Ifé)tEDhGEEF"DJ 4 100 Publiz debLAGDP {b)
M. — 2434 o D T ———— 1 ;,r"*"'“
243 212 mf ; Al H
: i ' 21
291+ Z 21
X 4w 0w N0 @ @ 0 e h T 0o 8 W0
Primary suplus/GOP fsp) Primary suplus/GDP (sp) Frimery suplusiGDP (s5) Primary Supkis/GOP (3p)
DM-F- e e O ML T e H : .04 : T rF 0% ’rr__ 003& I‘fu_lum—
P ; 0,034
e 0%/ U .
|‘ ' 0|m My
0w — 003 L ool
20 40 i 80 k11| 20 40 B0 1] 100 20 0 80 ] 100 0 Ll 60 i} 100
Gavemment consumplionGOF (go) Government consumption/GOF (gp) Gavamment eonsumptien/GOP (go) Govarmmant eanapllenGOP (gp)
a1 0.204 . : y 0.203 0203 ' ' ' '
0202 a2y, 8502 0202
02 ", 02} ", b
il 4 0'?; 02
01%.‘ A . . 01%“ i ke - T ‘F__."'—"'-hﬂ__u-“_'_n_‘_"_'_

M 4 & & 1M 0 40 B0 B 100 W 40 80 80 100 0 40 B B0 100



Labor Services Market

Labor services aggregation technology of the firm f:

> E’t = ((1_ v,,0)"" (N : t )1_1/77 T (Va)a))lh7 (N }],t )1_1/77 )7/(77_1)

where
@ . relative size of the group J (= 59.26% )

Va, . bias on use of labor services of the group J (=0.004381)

V_.@J . proportion of labor services of group J if same wage (= 0. 26% )

1 1/77' 1-w 7 m /(77| _1) 1 1/77J 1 1, /(nJ —1)
[ T o \1-1/7;"§.
N ll‘ = |:(1—(0j J(N it )1 ’ d|:| N 1:],t = |:((0j 1_[)(N 1£ t )l ' dJ:|
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Mixed-capital: technologies

a

o =
Production function of firm f: Y, = Z, .(K fst) .(Znt.NRt — y.2n,

Technology of capital inputs aggregation :
n
779—1 779—1 :

gL |ny-1
Kf,t » {(1_ Wy )1_779 '(Kj,f,t) i, (wg )1_779 '(Ké,f,t) 7o }’7

w. - Proportion of government capital if same rate of return of private
g - 5 5 5 . . _ 0
capital, calibrated in order cover up depreciation (= 5.2%)

M - price elasticity to demand for capital (~ 1)

—Ty —Ty
FOCs: Kg’t :a)g[ RG,tj .KtS Kj’t :(1_ a)g )(RH,IJ .KtS

1 i

where g =(1-w)R) " + o, RE) ) »
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Mixed-capital: investment and capital accumulation

Government investment:
19, = (1_ Pig )'Ig T Pig 101 T &g

Capital accumulation equation:

|
KG,t+1 — (1_ 5)'KG,I + [1_ I [ | = J]IGJ
G,t-1

Government budget constraint:
W
th PC,tCt g (TtN yr T:Nh + Tt f )Vvt 'NtD

T z-tK (RKt U, t (ru (ul ,t) s 5)P| t )‘Kt

+7°.D,+T,+R*B_, + M,
-P,,G-TR-B-M_, : 0 >
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Consumer price index

Minimization of costs of production of final goods:

min PicHe + Py M

HE IME
St ((V )1/,uc [H C](ﬂc—l)/ﬂc i \ Hc (e —1)
th ] C 1/ﬂct[ C /AC C](ﬂc—l)/ﬂc }
(v ) [1-T,, (ME1QE) M, |
Lagrange:
Min Ri-He + Py M
HE,IME ,AC
( 1 u c BV uc He l(uc-1) )
V cH ar
+ﬂ-{C< th_ ( C) 1[ t ]1 : - Tt .
(1-vo)*|a-r . (ME1Qe)Ime]
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Consumer price index (cont.)

FOC:s: o\
HC :VC [ H't) C
t . -\
ﬂ'tc
Mcz(l—V ) PIM’t/FSIMC(IMtC/QtC) Y QtC
t (Wi ﬂ“tc -(1_FIMC(IMtC/QtC))

ﬂ[ Ve Ht1—uc +(1—VC)( IMt T C (||\/| /Qt ))1 ”C]l—Tc

where

r . (IME/Qf)=1-T, .(IME/QE)-T (IME/QC)(IME/QE)

+47
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Consumer price index (cont.)

PH,t.HtC == P,M,t.ll\/ltc =

N GAT R /T me (IME Q)Y ™ [ T9me(IME/QE) || e o
_ {V(AJ +(1_V°)'[ i j {1—F.MC(IMF/QE) "

S IME 1 OE
={vc (R + @) (Bue, T (IME 1QE)] ( AR j} (e

1-T, . (IM/QF)
L C
N PC,t 'Qt

FT

zero profit assumption (perfect competition)
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Consumer price index (cont.)

Price index
HC . (ﬂtC )Uc (th )1—,UC

where

1
A = [VC'PH ,tl_ﬂC +(1-ve )'(PIM,t [T e (IM¢ /th))l_ﬂc ]1_70

1

i ] C LalE =
QS={VC(PH,t)”C+(1—vc).[1r_;“” (('IMN;C’ %QJ(P.M,t/rS.Mc(lmf/Qf)T } <

49
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Aggregated resources equation

Using our price index

PY,t Yt = PC,t 'QtC T Pl,t 'QtI T PG,tQtG T Si'l:)x,t'xt 4 PII\/I,tIMt

Using price index in CMS

R.Y,=P.,.Q +P,Q +PF,,Q°+S.P..X,

—Py, | IM?. 1§ F'MC(IM /Qt)+||\/|t - FlM'(IM /Q)
| I ime (IMS1QF) i (IM] 1Q))

50
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Construcao Teodrica do Modelo
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O Modelo: construcao teorica

Familias tipo I: i€ | =]0,1- o]
Max Et{kiﬂk [ﬁ (Ci vk — &G ,t+k—1)l_0 _ﬁ (Nil,Jtrfk )]}

= F
1 e e Ky moatr UierBreasrBrggr Mys )

| 3] =

(1+ T+ Fv(vi,t))PC,tCi,t - AR Rt_lBl,Hl
_1 -
+ ((1_ FBF (BIF,t))'rp'RF,t) StBll,:t+1 +M, +E5 +D;,
- (1_ TtN _TtWh )‘/Vi,tNi,t it (1_ TtK )'[ui,tRK,H,t_ Fu(ui,t)Pl,t]'Ki,H,t +TtK '5'Pl,t'Ki,H,t
o (1_ TtD)Di,t +TF\)',t _Ti,t + Bl,t ar StBuFt 3] Mi,t—l

lin
Kinm = (1_ 5)'Ki,H,t +(1_F| (Ii,H,tl]jl i H t >
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O Modelo: construcao teorica

CPOs:

(Clt KCItl)_J
8= 1+78 + T, (v, )+ T (v V.,

P, =2 I 1_1—1|[ Ii,H,t ]_l—wll[ Ii,H,t J Ii,H,t +ﬂEt Ai,t+l Qi’tl—wll(li,H,t-f-lJ Ii2,|2'|,t+1
PC,t Ii,H,t—l Ii,H,t—l Ii,H,t—l Ai,t Ii,H,t Ii,H,t

AI + + P +
Qi,t r IBEI - [(1 §)Q| J+1 el (1 2-t+1) RK e 1 | g+l n Tt+15 - 1}
A PC t+1 PC t+1

it

R P
(1_TtK)- —_— +1,'(u ). TtK'i_' e |[=0
R, | R | >
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O Modelo: construcao teorica

CPOs:

ﬁRtEt|:Ai,t+1 PC,t :|:1
Ai,t I:)C,t+1

A P.. S
ﬂ(l—r i (BF’ ))RF E |: I,t+1 C,t t+1:| — 1
F |t 7, Ai,t PC,'[+1 S

A V&
ﬂEt I,t+1 Ct — 1_ Fvl \/I 1t
Ay Fora ( Y ) @+7)
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O Modelo: construcao teorica

Prob (1-£,) de escolher otimamente V\d/I t

| . - P Z
Prob &, de reajuste automatico W, :=[ C’”] 7AWy
Ct-2

Representacao recursiva da CPO:

~ 1+n,.¢
(1_ a))é’ \/\/l,t i 77| . |:| 1t
P m-1G,

W m o n (1+$)
F .= LN +& 8. S F
I,t ( PCJ J t gl ﬁ E[ (ﬂ_g:t _ﬂ'é_ll |,t+1
m m -1
W VI
‘ G =A,, (1_ N o )[ P_;:j N, +¢.0. Et{ (ngj:};élll J G, M} >

L‘"L',; BANCO CENTRAL DO BRASIL + 55

+¢




O Modelo: construcao teorica

Familias tipo J: je J=[1-w/]]
{Zﬁ [L jt+k _K'CJ,t+k—1)1_G 1+¢ (letik )]}

{Cjt th

s.a.(1+ftC+Fv(vj,t))P C..+M,,
—(1-z" =2 W N +TR (~T, + M, +@

Jt

Fixacdo de salario analoga ao grupo |, mas com
prob 1-¢; de otimizar
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O Modelo: construcao teorica

Firmas de bens intermediarios:
Fungéo Prod. Y, = z[.(uI Ky .(znt.NfD,t )1_“ — . zn,

In(zt) - (1_:02)-'”(2) +pz'|n(zt—1) T &,

2 1)+ Pyt e

Znt_l mt—Z

n,t

Min custo dos fatores: o
Re Ko +@+7" )W N,
MC,, =

Yi tW¥

¥, MC, =~ (R (e e wi »

s Ztaa (1_ a)l—a
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O Modelo: construcao teorica

Yo =z u KE S (NP e,

Agregador de capital. Ji”
ng—1 ng—1 1n -1
| b |

@, : Grau de dependéncia da economia ao capital publico. Calibragem
Brasil (hipétese de rkg = dt*pi) =0.052

cros: Ry, =(1-@) REFT +ay (R
KGt:a)g[RG'tJﬂgKS K, =@0- a){ £
b | Re

1
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O Modelo: construcao teorica

Escolha de precos de bens intermediarios: PH,f,t e P

Prob. de nao otimizar: é:H e é:x

CPO recursiva de H. R _ 0 Ry
P,

Ry =MCH +& SE {jjé’ttl [ ﬂi??%l"“ ] I:H,t+1} G, =R, H+¢,0E {jj\l’tjl [ ﬂi;?;% j Ght+1} >

L‘"L',; BANCO CENTRAL DO BRASIL + 59




O Modelo: construcao teorica

Minimizacao de custos pelas firmas produtoras de bens de
consumo finais (como em CMS):

min PicHe + Py M

HE IME

)

7 - te I(uc-1)
S.a. (VC)ll,uC [HtC](ﬂc 1)/ uc b

ch
Q=+

k(l_ Vc)l/,uc [(1_ . (I Mtc /th))_l Mtc](ﬂc—l)/ﬂc }

Lagrangeano:
min PH,t'HtC o PIM,t'IMtC

HtC'IMtC!ﬂ‘tC

de l(uc-1) |

el _{(m A

A-ve) e [i-T . (ME/QC)IME] e
-5 D 60
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O Modelo: construcao teorica

CPOs: o\
HC :VC [ H't) C
t . -\
ﬂ'tc
Mcz(l—V ) PIM’t/FSIMC(IMtC/QtC) Y QtC
t (Wi ﬂ“tc -(1_FIMC(IMtC/QtC))

ﬂt Ve Htl—uc +(1—VC)( |Mt ||v| (||\/| /Qt ))1 ﬂc]l_TC
em que

Fj/IC(IMtC/th):zl_FNC(IMtC/QtC) |MC(IM /Qt )(||\/|tC/QtC)
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O Modelo: construcao teorica

PH,t.HtC == P,M,t.ll\/ltc =

N GAT R /T me (IME Q)Y ™ [ T9me(IME/QE) || e o
_ {V(AJ +(1_V°)'[ i j {1—F.MC(IMF/QE) "

3 INC [ OE
={vc (R +@ve) (Bu T (IME 1QE) ( IR j} (e

1-T . (IMS/Q)
1% C
S PC,t 'Qt

’_T

Hipotese de lucro zero >
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O Modelo: construcao teorica

Entao:

em que

1
A = [VC'PH ,tl_ﬂC +(1-ve )'(PIM,t [T e (IM¢ /th))l_ﬂc ]1_70

1

3 C 1 AC ot
QE={VC(PH,t)“C+(1—vc).[lr_;“” (él“"N;C’ %%}(P.M,t/ri‘lmc(IMf/Qf))“ } z
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O Modelo: construcao teorica

Firmas de bens de consumo do governo:

1 61(6-1)
QtG — HtG = [ J.(H ?,t)l_lm df )
0

CPO 1 o
— PG,t =R, it
P -0
:H?t [ H,f,t] HtG
I:)H 1z
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O Modelo: construcao teorica

Agregacao:

H =HS+H/+HS
IM, == IME + M|
(1-9)X . =sIM ..

1 1

1 - * L L * ﬁ 1 * _n * ﬁ *
F)lM’f*’t u Px:f*,t = F)IM,t :|:J.(P|M,f*,t)lt9 df :| :|:J.(Px,f*,t)1 i df } = Px,t
0

PIM,f,t =PX,f,t

13

i 1-6 ﬁ ho g i *
B = MR ) of | =R i R
0

0
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Calibration: domestic economy

= Small open economy
= Mean during inflation target regime period.:

« domestic and external debt

e interest and exchange rates
e inflation target

 national accounts

e wage income distribution

e primary surplus

e risk spread
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Calibration: domestic economy

= From other papers

 preferences (for some values the same of NAWM)
. tax rates D>

67
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Simulations (cont.):

3) Monetary and Fiscal shocks:

o responses of combined impulses

o moments and variance decomposition of inflation and output growth

» fiscal commitment to debt (P,)

e rigor in fiscal implementation (variance of fiscal shock)

o correlation of shocks

» monetary commitment to inflation (P,,)
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Simulations (cont.):

4) Alternative components for monetary rule: backward
looking inflation, exchange rate and output growth

o Impulse responses of monetary shock and fiscal shock

o moments and variance decomposition of inflation, output
growth and exchange rate
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Fiscal commitment with debt stabilization

Increase the reaction to debt deviation from steady state (®,):
* higher volatility of inflation

* non-linear impact on volatility output

* higher correlation between inflation and output

Standard deviation (SD) and Correlations (CR) of shocks

SD monetary shocks = 1.00 p.p. SD fiscal shocks = 1.00 p.p. CR = 0.00
Fiscal commitment with public debt stabilization
Coeficient of the fiscal rule 0.04 0.18 0.31 0.50
SD and CR of endogenous variables (p.p.)
DP inflation 0.10 0.20 0.44 1.04
DP output growth 1.30 1.28 1.37 1.93
CR inflation and output growth 4.78 9.68 29.41 58.85
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Fiscal commitment with debt stabilization

¢,=0.18:
* minimize output volatility
e minimize explanation of output variance by monetary shock

¢, =0.31:
* minimize explanation of inflation variance by fiscal shock

Standard deviations (SD) and Correlations (CR) of shocks

DP monetary shock =1.00 p.p. DP fiscal shock = 1.00 p.p. CR =0.00

Fiscal commitment with public debt stabilization
Coeficient of fiscal rule 0.04 0.18 0.31 0.50

Momentos das variaveis (p.p.)
DP output growth 1.30 1.28 1.37 1.93
Variance decomposition (%)

CM CF CM CF CM CF CM CF
Inflation 15.63  84.37 47.98 52.02 58.48 41.52 4516  54.84
Outputgrowth 7.86 92.14 522 94.78 10.85 89.15 25.53 74.47
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Choques fiscais e monetarios: inflacao e produto

v’ maior rigor na execucéo das regras fiscais:

* mantém conclusao de que variancia da inflacdo aumenta com o
compromisso com a divida

e relativamente ao benchmark:
e menores variancias de inflacao e produto;
* maior correlacao entre inflacao e produto;

Momentos dos choques (p.p.)

DP do choque monetario =1,00 DP do choque fiscal = 0,47 CR entre os choques =0,00

Compromisso fiscal com a divida publica

Coeficiente da regra fiscal 0,04 0,18 0,31

0,50

Momentos das variaveis (p.p.)
DP da inflagéo 0,06 0,16 0,36 0,79
DP do crescimento do PIB 0,69 0,66 0,76 1,25
CR entre as variaveis 24,41 14,81 39,12 65,23
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Choques fiscais e monetarios: inflacao e produto

v’ maior rigor na execucéo das regras fiscais (cont.):
e relativamente ao benchmark:

 diminui a explicacao da variancia da inflacao pelo choque fiscal
(uniformemente em o¢,);

e aumenta a explicacéo da variancia do produto pelo choque
monetario (menor aumento quando ¢, = 0.18);

Momentos dos choques (p.p.)

DP do choque monetario  =1,00

DP do choque fiscal = 0,47

CR entre os choques =0,00

Compromisso fiscal com a divida publica

Coeficiente da regra fiscal 0,04 0,18 0,31 0,50

Decomposicédo das variancias (%)

CM CF CM CF CM CF CM CF
Inflacdo 45,12 54,88 80,36 19,64 86,21 13,79 78,51 21,49
Crescimento do PIB 27,45 72,55 19,64 80,36 35,06 64,94 60,34 39,66
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Choques fiscais e monetarios: inflacao e produto

v'"Menor (mais negativa) correlacdo dos choque fiscais e
monetarios:

 reduz a variancia da inflacao e do produto;
 diminui correlacao entre inflacao e produto;

Momentos dos choques (p.p.)

DP do choque monetario = 1,00

DP entre os choque fiscal = 0,47

Correlacdo entre os choques 0,80 0,50 0,00 -0,50 -0,80

Compromisso fiscal com a divida publica

Coeficiente da regra fiscal = 0,18

Momentos das variaveis (p.p.)

DP da inflagéo 0,19 0,18 0,16 0,13 0,11
DP do crecimento do PIB 0,80 0,75 0,66 0,55 0,47
CR entre as variaveis 18,44 17,40 14,81 9,95 4,25
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Choques fiscais e monetarios: inflacao e produto

v'menor (mais negativa) correlacao dos choque fiscais e monetarios:

* minima explicac&o da variancia do produto pelo chogue monetario
(quando ocorre 1°), com correlacéo de choques em -50%;

* minima explicac&o da variancia da inflagao pelo choque fiscal (Qquando
ocorre 1°), com correlacao de choques em -50%;

Momentos dos choques (p.p.)

DP do choque monetario  =1,00

DP entre os choque fiscal = 0,47

Correlacao entre os choques 0,80 0,50 0,00 -0,50 -0,80

Compromisso fiscal com a divida publica

Coeficiente da regra fiscal = 0,18

Decomposicao das variancias (%) - quando o 1° choque é o monetario

CM CF CM CF CM CF CM CF CM CF
Inflacéo 95,27 4,73 88,74 11,26 80,36 19,64 78,70 21,30 86,04 13,96
Crescimento do PIB 80,49 19,51 53,70 46,30 19,64 80,36 13,68 86,32 44,07 55,93

Decomposigéo das variancias (%) - quando o 1° choque é o fiscal

CF CM CF CM CF CM CF CM CF CM
Inflacéo 80,63 19,37 53,94 46,06 19,64 80,74 12,83 87,17 42,86 57,14
Crescimento do PIB 95,23 4,77 88,68 11,32 80,36 19,64 78,90 21,10 86,33 13,67
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Choques fiscais e monetarios: inflacao e produto

v/ maior compromisso da regra monetaria com a meta de inflacao:
* diminui a variancia da inflacdo e do produto;
 diminui a correlacéo da inflacao e do produto;
e aumenta a explicacédo da variancia da inflacao pelo choque fiscal,

Momentos dos choques (p.p.) € CR entre os choques

DP do chogque monetario =1,00 DP do choque fiscal = 0,47 CR entre os choques = 0,00

Compromisso fiscal com divida publica

Coeficiente da regra fiscal = 0,18

Compromisso monetario com a meta de inflagdo

Coeficientre da regra monetaria 1,20 1,57 2,44 5,2
Momentos das variaveis (p.p.)
DP da inflagdo 0,82 0,16 0,07 0,04
DP do crecimento do PIB 0,73 0,66 0,63 0,61
CR entre as variaveis 25,52 14,81 8,40 0,00
Decomposigéo das variancias (%)

CM CF CM CF CM CF CM CF
Inflacdo 93,01 6,99 80,36 19,64 64,72 35,28 60,37 39,63
Crescimento do PIB 29,57 70,43 19,64 80,36 18,13 81,87 22,08 77,92

g“"r.',; BANCO CENTRAL DO BRASIL




Choques fiscais e monetarios: inflacao e produto

v/ maior compromisso da regra monetaria com a meta de inflacao:

* existe um nivel de compromisso com a inflagao (¢, = 2.44) que
minimiza a influéncia do choque monetario na explicacdo da variancia
do produto.

Momentos dos choques (p.p.) € CR entre os choques

DP do chogque monetario =1,00 DP do choque fiscal = 0,47 CR entre os choques = 0,00
Compromisso fiscal com divida publica

Coeficiente da regra fiscal = 0,18

Compromisso monetario com a meta de inflagdo

Coeficientre da regra monetaria 1,20 1,57 2,44 5,2

Decomposicéo das variancias (%)

CM CF CM CF CM CF CM CF
Inflagéo 93,01 6,99 80,36 19,64 64,72 35,28 60,37 39,63
Crescimento do PIB 29,57 70,43 19,64 80,36 18,13 81,87 22,08 77,92
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Choques fiscais e monetarios: inflacao e produto

v'existe combinacao de coeficientes das regras fiscal e monetaria

gue minimiza a variancia do produto mantendo a mesma variancia da
Inflacao;

Momentos dos choques (p.p.)

DP do choque monetario = 1,00

DP do choque fiscal = 1,00

CR entre os choques =0,00

Compromisso fiscal com divida publica

Coeficiente da regra fiscal 0,04 0,27

Compromisso monetario com a meta de inflagéo

Coeficiente da regra monetaria 1,57 4,50

Momentos das variaveis (p.p.)

DP da inflagao 0,10 0,10
DP do crecimento do PIB 1,30 1,17
CR entre as variaveis 4,78 -15,58

Decomposicéo das variancias (%)

CM CF CM CF
Inflagdo 15,63 84,37 25,31 74,69
Crescimento do PIB 7,86 92,14 3,88 96,12
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Regras monetarias: inflacédo, produto e cambio

O reacao a variacao do cambio:
e menor variancia do cambio;
e menor variancia da inflacao, com minima explicacao pelo choque fiscal,;

* menor (pouco) variancia do produto, com minima explicacéo da
variancia do produto pelo chogue monetario;

Momentos dos choques (p.p.) e CR entre os choques
DP do choque monetério 1,00 DP do choque fiscal = 1,00 CR entre os choques =0

Regras monetérias Regras monetérias
modelo base c/ modelo base c/
modelo base c/ - modelo base c/ -
modelo base - o reacao ao modelo base N . reagao ao
reacdo ao cambio reacdo ao cambio
produto produto
Momentos das variaveis (p.p.)

DP da inflago 0.10 0.04 041 Decomposicéo das variancias (%)
DP do crecimento do PIB 1,30 1,27 0,85 CM /2 CF 2 CM CF CcM CF
DP da variagc&o cambial 0,68 0,22 1,28 Inflagéo 15,63 84,37 97,67 2,33 10,14 89,86
CR entre inflagéo e PIB 4,78 0,46 2,01 Crescimento do PIB 7,86 92,14 1,75 98,25 2,80 97,20
CR entre inflagdo e cambio 48,84 40,25 46,36 Variacdo cambial 89,44 10,56 86,16 13,84 5,12 94,88
CR entre PIB e cambio 8,58 -25,58 -78,61
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Regras monetarias: inflacédo, produto e cambio

O reacao ao crescimento do produto:
e menor variancia do produto;
e maior variancia da inflacao e do cambio;

e minima explicacédo da variancia do cambio pelo choque
monetario.

Momentos dos choques (p.p.) e CR entre os choques
DP do choque monetério 1,00 DP do choque fiscal = 1,00 CR entre os choques =0

Regras monetérias Regras monetérias
modelo base c/ modelo base c/
modelo base c/ ~ modelo base c/ ~
modelo base 3 N reacao ao modelo base ~ . reacao ao
reacdo ao cambio reacdo ao cambio
produto produto
Momentos das variaveis (p.p.)

DP da inflago 0.10 0.04 041 Decomposicéo das variancias (%)
DP do crecimento do PIB 1,30 1,27 0,85 CM 72 CF 2 CM CF CcM CF
DP da variagc&o cambial 0,68 0,22 1,28 Inflagdo 15,63 84,37 97,67 2,33 10,14 89,86
CR entre inflagéo e PIB 4,78 0,46 -7,51 Crescimento do PIB 7,86 92,14 1,75 98,25 2,80 97,20
CR entre inflagdo e cAmbio 48,84 40,25 46,36 Variacdo cambial 89,44 10,56 86,16 13,84 5,12 94,88
CR entre PIB e cambio 8,58 -25,58 -78,61
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