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Abstract

Impacts of fiscal and monetary policies are assessed in the an open econ-
omy two sector multi-household general equilibrium tax model with money.
There is alarming gap in the distribution of income among households
which none of the stabilisation policies could possiblly address. Impacts
of fiscal expansions are positive for all categories of households but the
gains are much higher for household in the upper income group than for
the households in the bottom income group despite claim of the gov-
ernment to help out to those with the least means. Model results show
that demand, output, employment are sensitive to the consumer pref-
erence and confidences and sectoral shift in the production technology
and impacts vary across households. Simulation results show that mon-
etary policy is less effective in promoting output, employment and other
economic policies than the fiscal policy. Relative price based optimal al-
location mechanisms and redistribution provide several hints on how the
complex mechanism of reallocation and redistribution functions occur in a
real economy.Business cycles occur with technological shocks in economies
with cash in advancee and money in utility functions.
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Allocations and Welfare in General Equilibrium Tax Model with
Money

1 Introduction

Economic crises of 2008/09 that originated from the burst of housing market
bubble and the credit crises in the US has spread around the globe. Recession
has hit the US, UK, EU, Japan and many other advanced countries hard this
year. It has slowed down growth and other economic activities in many de-
veloping countries too. Output, employment, investment, capital accumulation,
exports, imports are predicted to shrink causing alarming loss of income, deteri-
oration in living standards of households and loss of business or profit prospects
of small, medium and large scale firms. Governments have attempted to stim-
ulate the aggregate demand by expanding the public expenditure and cutting
down the taxes despite risk of accumulation of public debt. Central banks have
reduced the basic interest rate to a record low rate since the beginning of central
banking (on January 2009 Federal fund rate is zero, BOE bank rate is 0.5 per-
cent, ECB 1.5 (http://www.ecb.int/euro/intro/html/map.en.html)) in order to
expand the liquidity is the system. Credit levels of banks have been expanded
under the quantitative easing.

The main aim of this paper is to show how an open economy two sector multi-
household general equilibrium model with money could be applied to analyse
the situation and to estimate the impacts of the economic crises and to assess
the impact of policy measures adopted by the governments. For simplicity first
focus remains on the steady state. The general structure of the model is as given
in Figure 1. Various studies have been made earlier for evaluation of impacts
of financial sector in the economy (Altig et al (1995), Arestis and Demetriades
(1997) Bacchetta (1992) Bank of England (1999) Bolnick (1987), Boycko et
al. (1996) ,Brunnermeier. (2009.) Cecchetti (2009). Champ et. al (1996)
Chiang (1959) Cripps (1997) Dasgupta and Maskin (2000) Diamond et. al
(1983) Giovannini and de Melo (1993) De Fraja (1991) Mayer et. al. (2009).
Friedman (2005) King (1994) Klein (1971) Krugman (1979) Milde and Riley
(1988) Prescott and Townsend (1984) Rasmusen (1987) Radelet et.al (1998) Ri-
ley (2001) Rogerson (1985),Sargent.(1987) , Smith (1958) Spencer (1984) Sproul
(1947) Stiglitz, and Weiss (1981) Roubini and Sala-i-Martin (1992) Williamson
(2008) Walsh (1998)) but these studies have ignored the spesification of the
household sector. The household sector is integrated with two sector open econ-
omy model in the next section including the speficiations of preferences and
technologies of the economy, monetary, government and the external sectors.
Then comes the parameterisation of model and a brief discussions on results of
the steady state. Cash in advance and money in utility functions with stochas-
tic technology are added for dynamic specification required to see the business
cycle implications of the credit crunch. Conclusion and list of references are at
the end.



Open Economy Two Sector Multi-household General Equilibrium
Tax Model with Money
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Results of all economic activities is the welfare of the households from the
consumption of goods and services that consumers purchase in product markets
1 and 2. Producers demand capital and labour factors to supply those goods
and pay remunerations to them. Households pay direct and indirect taxes from
these income. Exports and imports link the economy to the rest of the world
economy. This economy is subject of cyclical fluctuations. Fiscal and monetary
policies aim to contain these fluctuations. Specification of the household sector
is given in the next section For simplicity economy has ten households, two
goods Xjand X5, manufacturing and services, two types of labour Liand L
skilled and unskilled labour and the two types of capital stock, Kjand K5 durable
and non durable ones. Economy is linked to the rest of the world by the flows
of exports FXjand EXs and imports IM Piand IM P,.Government receives
revenue from direct taxes of labour and capital income and indirect taxes on
consumption of Xj;and X5.Monetary side of the economy are first characterised
by the classical quantity theory of money where the total money supply consists
of both currency and demand deposits. Prices are proportional to money supply
and also influenced by the volume of transaction and the velocity of money.
The exchange rate is determined by the value of the ratio of exports to imports.
Dynamics of monetary sector are studied under the cash in advance and money
in utility function framework.



2 Households

Model categorises households in ten deciles who form a representative house-
hold sector of the entire economy. Efficient allocations of resources maximise
welfare of each of these households and the aggregate household sector. Utility
of individual household h given by u” . It shares n" of aggregate utility U

uh = U (1)
demand for X; by household h

ay =1".X 2)
demand for X5 by household h

b =t X, (3)

Total labour supply of type Li of household h

L =o"1, (4)
Total labour supply of type Lo of household h

Lh = 0" L, (5)
Total capital supply of type K7 of household h

K? =n"K, (6)

Total capital supply of type K5 of household h

Ky =n".L, (7
Income of household h
I"=qhI (8)
Aggregate utility of the economy is composite of household utilities
H
U=>Y u" 9)
h=1
Aggregate demand for good X3
H
h=1
Aggregate demand for good Xs
H
h=1



Aggregate of labour demand of type L;

L = ZH:L? (12)

h=1

Aggregate of labour demand of type Lo

H
Ly=>Y L} (13)
h=2

Aggregate of capital demand of type K

H
Ky = ZK{Z (14)
h=1

Aggregate of capital demand of type Kj

H
Ky =Y K} (15)
h=2

Aggregate income is the total of the household income
H
I=y1" (16)
h=1

3 Economy

The representative household of the economy receives utility from consuming
both goods Xjand Xs. A Cobb-Douglals utility function is assumed first as:

U=XMX, ™ (17)
Demand for X;is derived from the standard optimality conditions as:

- Oél.I
P (14t)

Demand for both goods Xsis derived from the standard optimality conditions
as

X1 (18)

- (1 — 011) i
Xz = Py (1 +ts) (19)

Technology of production of good 1 Yjis
v, =LK P (20)

Technology of production of good 1 Yais



Yo =LK} (21)
Optimal conditions for firm 1 is given by

B K1 w1 (1 —twl)

21 22
(1-25) Ly r1 (1 —try) (22)
Optimal conditions for firm 2 is given by
0% &:wg(l—twg) (23)
(1—+) Lo ro (1 — tra)
Resource of firm 1 is
Ci=wli+7rmK; (24)
Resource of firm 2 is
Co = walo +12K> (25)

Households receive income from labour and capital income and from transfers
and net borrowing as:

I:w1L1 +7’1K1 +’U)2L2+7’2K2+TR+B (26)

Market clearing conditions in goods market are
X1=Y1-G, - (EX; —IMP) (27)
Xo=Ys—Gy— (EXy —IMP;) (28)

Labour market clearing implies

Ii+L,=1L (29)
Capital market clearing implies
K +Ky=K (30)
Aggregate volume of output
PY: + PY,=PY (31)



3.1 Monetary Sector

Quantity theory of money implies

PY =MSV

Initial reserve of the banking system

R=C+ D0
Currency in circulation
C=¢.R
Initial deposit
DO=(1-¢).R
Total deposit
DO
TD = —
rr

Aggregate money supply in the economy:

MS=C+TD

3.2 Government Sector

Government collects revenue from direct taxes on capital and labour income

and indirect tax on commodities as:

RV =t1 Py X1+t Py Xo+t,1.71. K14ty wi. L1+t mo Ko+t we.Lo+TR+B

Aggregate government expenditure

G=G1+Gs

Government expenditure on sector 1 goods

Gl = gl.RV

Government expenditure on sector 2 goods
GQ = QQ.RV
Budget deficit

B=G-RV

(38)



3.3 External sector

Exports from sector 1

EXl = 61.Y1 (43)
Exports from sector 2
EX2 = 62.Y2 (44)
Imports by sector 1
IMPl :ml.Yl (45)
Imports by sector 2
IMPy = my.Ys (46)

Exchange rate

_ PLEX, + B EX,
T PM,.IMP; + PMy IMP,

ER (47)

4 Parameterisation of the Model

The open economy model presented in equations (1) to (47) above has 112
variables. In theory it is possible to solve all 112 endogenous variables in terms
of the parameters. In practice it is difficult to produce analytical solutions for so
many variables simultaneously. Therefore this model is solved using non-linear
programming numerical technique. Model variables are uniquely determined

in terms of parameters of preferences (a'), share of labour (Qh), and share

of capital income (nh)7 of household as given in Table 1. Income distribution
structure taken as they were found in the income distribution tables of the UK.
Model is calibrated to the UK economy in the next section.

Table 1: Preference and share parameters of households
hy ha h3 hy hs he hz | hs hg | hio
a" 1044 048 1049 | 0.41 | 0.47 | 0.57 | 0.47 | 0.55 | 0.48 | 0.47
6" ] 0.02]0.03]0.04]0.05]0.06]0.08][011]0.15]0.20]0.25
n™ [0.02]0.02]0.03]0.04]004] 005006 | 008 ] 009 | 057

Model includes six tax policy instruments tq,t2,ty1, tw2, tr1, tr2 ,two export
shares e; and e; two propensities to import m; and msy, preference and

technology parameter for the aggregate economy «,3,y and endowments L and

K ,aggregate resources available for firms Cyand Cs velocity of money v, reserve
requirement ration rr, Transfer, share of public spending in sectors 1 and 2,



giand g reserves and share of currency in initial reserves ¢ as shown in Table
2.

Table 2: Policy and Technology Parameters

tq to twl | tw2 tr1 tro €1 €2 my | Mg R gl

0.25 | 0.15 | 0.40 | 0.10 | 0.05 | 0.3 | 0.25 | 0.30 | 0.15 | 0.50 | 100 | 0.25

o B y L K Ch Co v 10) rr | TR | g2

0.4 | 06 | 0.5 | 200 | 500 | 1000 | 800 1 0.031005] 0O 0.1

Plausible values of these parameters given in Table 1 and Table 2 are used
for simulation in the following section though these should be obtained from the
econometric estimation or statistical inferences. This model is solved using the
non-linear algorithm in GAMS.

5 Numerical Example

The optimal allocation of resources in the economy are given by the equilibrium
prices of goods Piand P, wage rate wiand wy rental rate riand ro and the
exchange rate FR.Unemployment level is exogenous to the model in the current
form so that equilibrium can be computed for various levels of unemployment
level set at the policy level. This is a macroeconomic model with detailed spec-
ification of households and firms. The gap between the poorest and the richest
household is enormous as shown in the level of utility of these two categories of
households in the following chart made for four different solutions of the model.



Figure 1: Level of Welfare of the Household in the Lowest Income Decile

UtilLa| Utilb| UtilLgm| UtILR| UtilLf| Util_m| Util_fm
hi.scl 0792| 0726| 0385| 0449| 0556| 055 | 0.556
h1.sc2 0792| 0792| 0556| 0556| 0.556| 0.556| 0.556
h1.sc3 0784 | 0743| 0541| 0556| 2.197| 0.556| 0.540
hl.sc4 0.777| 0.695| 0526| 0556 2.197| 0.556| 0.523
h1.sc5 0770 | 0647 | 0512| 0556| 2.197| 0.556| 0.506
h1.sc6 0762 | 0.601| 0499 | 0556 2.197| 0.556| 0.489
h1.sc7 0.755| 0.556| 0.487| 0556| 2.197| 0.556| 0473
h1.sc8 0748 | 0512| 0476| 0556| 2.197| 0.556| 0.456
h1.sc9 0740 | 0469 | 0466| 0556| 2.197| 0.556| 0.439
h1.sc10 0733 | 0426| 0457| 0556| 2197 | 0.556| 0422

Figure 2: Level Welfare of the Household in the Highest Income Decile

UtilLa | Utilb |Utilgm |UtILR |Uti_f |Util_m | Util_fm
h10.scl1 | 22.564 | 20.680 | 10.964 | 12.785| 15.856 | 15.856 | 15.856
h10.sc2 | 22.564 | 22.564 | 15.856 | 15.856 | 15.856 | 15.856 | 15.856
h10.sc3 | 22.353 | 21.163 | 15.414 | 15.856| 62.606 | 15.856 | 15.380
h10.sc4 | 22.142 | 19.794 | 14.996 | 15.856 | 62.606 | 15.856 | 14.903
h10.sc5 | 21.932 | 18.454 | 14.603 | 15.856 | 62.606 | 15.856 | 14.426
h10.sc6 | 21.722 | 17.142 | 14.234 | 15.856| 62.606 | 15.856 | 13.949
h10.sc7 | 21.513 | 15.856 | 13.891 | 15.856| 62.606 | 15.856 | 13.471
h10.sc8 | 21.304 | 14.597 | 13.574 | 15.856| 62.606 | 15.856 | 12.993
h10.sc9 | 21.096 | 13.362 | 13.283 | 15.856| 62.606 | 15.856 | 12.515
h10.sc10 | 20.888 | 12.151 | 13.020 | 15.856 | 62.606 | 15.856 | 12.036
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Figure 3: Baseline Model and Sensitivity of agrregate Preference (Alpha)
scl sc2 sc3 scd sc5 scb sc7 sc8 sc9 scl0
X1 116.26 116.26 122.02 127.77 133.52 139.26 145.01 150.75 156.49 162.22
X2 190.35 190.35 184.06 177.78 171.49 165.20 158.91 152.62 146.32 140.02
L1 88.89 88.89 92.99 97.06 101.10 105.11 109.09 113.04 116.97 120.86
L2 111.11 111.11 107.01 102.94 98.90 94.89 90.91 86.96 83.03 79.14
K1 173.91 173.91 183.41 192.98 202.64 212.39 222.22 232.14 242.15 252.25
K2 326.09 326.09 316.59 307.02 297.36 287.61 277.78 267.86 257.85 247.75
P1 6.19 6.19 6.20 6.20 6.20 6.20 6.21 6.21 6.21 6.21
P2 5.67 5.67 5.67 5.67 5.67 5.67 5.66 5.66 5.66 5.66
R1 2.30 2.30 2.18 2.07 1.97 1.88 1.80 1.72 1.65 1.59
R2 1.23 1.23 1.26 1.30 1.35 1.39 1.44 1.49 1.55 1.62
W1 6.75 6.75 6.45 6.18 5.94 5.71 5.50 5.31 5.13 4.96
W2 3.60 3.60 3.74 3.89 4.04 4.22 4.40 4.60 4.82 5.06
UTIL 156.28 156.28 154.87 153.73 152.84 152.20 151.80 151.64 151.73 152.05
ALPHA 0.40 0.42 0.44 0.46 0.48 0.50 0.52 0.54 0.56 0.58
Level of Utility of the Richest and Poorest Households
Util_c
Util_g
uUtil_b
Util_a
. ®hl.scl0
Util_c
Util g
Util_b
Util_a
f
0 5 10 15 20 25
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Figure 4: Sensitivity to technical progress in sector 1 (Beta)

scl sc2 sc3 scd sc5 scb sc7 sc8 sc9 scl10
X1 167.96 | 116.26 | 114.53 112.89 111.36 109.92 108.59 107.37 106.25 105.25
X2 133.72 190.35 190.62 190.94 | 191.31 191.74 | 192.21 192.75 193.33 193.98
L1 124.73 88.89 90.51 92.09 93.62 95.11 96.55 97.96 99.33 100.66
L2 75.27 111.11 109.49 107.91 106.38 104.90 | 103.45 102.04 | 100.67 99.34
K1 262.44 | 173.91 168.14 | 162.16 155.96 149.53 142.86 135.92 128.71 121.21
K2 237.56 | 326.09 | 331.86| 337.84 | 344.04 | 350.47| 357.14| 364.08 | 371.29 | 378.79
P1 6.22 6.19 6.29 6.38 6.47 6.55 6.63 6.71 6.78 6.84
P2 5.65 5.67 5.67 5.66 5.65 5.63 5.62 5.60 5.59 5.57
R1 1.52 2.30 2.26 2.22 2.18 2.14 2.10 2.06 2.02 1.98
R2 1.68 1.23 1.21 1.18 1.16 1.14 1.12 1.10 1.08 1.06
w1 4.81 6.75 6.85 6.95 7.05 7.15 7.25 7.35 7.45 7.55
W2 5.31 3.60 3.65 3.71 3.76 3.81 3.87 3.92 3.97 4.03
UTIL 152.62 156.28 155.48 154.74 | 154.08 153.48 152.96 152.53 152.17 151.90
BETA 0.60 0.62 0.64 0.66 0.68 0.70 0.72 0.74 0.76 0.78

Model is rich enough to assess the impacts of fiscal and monetary policies.
Fiscal policy can operate by changing the tax instruments or setting the level of
public spending or its allocation in sector 1 and 2 according to spending objec-
tives, change in the borrowing requirement resulting from the fiscal operation.

In the current situation tax rates are being cut, and the level of spending
raised and borrowing being raised to stimulate the economy. Household adjust
to the tax, spending and borrowing plan of the public sector. Higher budget
deficit means less income left for the households who internalise the public deficit
in spirit of the Ricardian equivalence.

Monetary policy operates through a number of channels. Most important
is the credit market channel that is controlled by the rate of deposit creation
and credit expansion in the economy. In the current economic crises the rate of
deposit creation has rather been slow rending economy towards credit crunch.
This is equivalent to loss in confidence and increase in the reserve requirement
in the banking system. Thus parameter rr and ¢ are crucial for the determina-
tion. The consequences of the monetary policy in the economy are given by the
classical quantity theory of money contained in the model where the aggregate
prices are proportional to the total supply of money.

Model so far discussed is able to comparative static analysis. Dynamic analy-
sis requires intertemporal optimisation and process accummulation of assets
and capital. Two further modifications are suggested in order to make the above
model for dynamic economy. Extension 1 proposes a cash in advanced economy
(CA) with money and assets in line of theoretical structured contained in Sar-
gent (1987) and Williamson (2008). The role of money in the CA economy is

12



Figure 5: Sensitivity of Technical Progress in Sector 2 (Gamma)

scl sc2 sc3 sc4 sc5 sc6 sc7 sc8 sc9 sc10
X1 104.38 | 116.26 | 11596 | 115.72| 115.55| 115.45| 115.42 | 115.45| 115.56 | 115.74
X2 194.68 | 190.35 | 186.68 | 183.12 | 179.68 | 176.35| 173.12 | 170.00 | 166.99 | 164.07
L1 101.96 88.89 86.96 85.11 83.33 81.63 80.00 78.43 76.92 | 75.47
L2 98.04 | 111.11| 113.04| 114.89| 116.67 | 118.37 | 120.00 | 121.57 | 123.08 | 124.53
K1 113.40 | 17391 | 17857 | 183.49 | 188.68 | 194.18 | 200.00 | 206.19 | 212.77 | 219.78
K2 386.60 | 326.09 | 321.43 | 316.51 | 311.32| 305.83 | 300.00 | 293.81| 287.23 | 280.22
P1 6.90 6.19 6.21 6.22 6.23 6.24 6.24 6.24 6.23 6.22
P2 5.55 5.67 5.79 5.90 6.01 6.12 6.24 6.35 6.47 6.58
R1 1.94 2.30 2.24 2.18 2.12 2.06 2.00 1.94 1.88 1.82
R2 1.04 1.23 1.20 1.16 1.13 1.10 1.07 1.04 1.00 0.97
w1 7.65 6.75 6.90 7.05 7.20 7.35 7.50 7.65 7.80 7.95
W2 4.08 3.60 3.68 3.76 3.84 3.92 4.00 4.08 4.16 4.24
UTIL 151.72 | 156.28 | 154.30 | 152.41| 150.60 | 148.86 | 147.20| 145.62 | 144.12 | 142.69
GAMA 0.50 0.52 0.54 0.56 0.58 0.60 0.62 0.64 0.66 0.68

Figure 6: Sesitivity of increase in finanical resources for firm 1 and Firm 2.

scl sc2 sc3 sc4 sc5 sc6 sc7 sc8 sc9 scl0
X1 11599 | 116.26 | 116.26 | 116.26 | 116.26 | 116.26 | 116.26 | 116.26 | 116.26 | 116.26
X2 161.25 | 190.35| 190.35| 190.35| 190.35| 190.35| 190.35| 190.35| 190.35 | 190.35
L1 74.07 88.89 88.89 88.89 88.89 88.89 88.89 88.89 88.89 88.89
L2 125.93 | 111.11| 111.11| 11111 | 111.11 | 11121 111.11| 111.21 | 11111 | 111.11
K1 227.27 | 17391 | 17391 | 17391 | 17391 | 17391 | 17391 | 17391 | 17391 | 17391
K2 272.73 | 326.09 | 326.09 | 326.09 | 326.09 | 326.09| 326.09 | 326.09 | 326.09 | 326.09
P1 6.21 12.39 13.76 15.14 16.51 17.89 19.27 20.64 22.02 23.40
P2 6.70 11.35 12.61 13.87 15.13 16.39 17.65 18.91 20.17 21.44
R1 1.76 4.60 5.06 5.52 5.98 6.44 6.90 7.36 7.82 8.28
R2 0.94 2.45 2.76 3.07 3.37 3.68 3.99 4.29 4.60 491
W1 8.10 13.50 14.85 16.20 17.55 18.90 20.25 21.60 22.95 24.30
W2 4.32 7.20 8.10 9.00 9.90 10.80 11.70 12.60 13.50 14.40
UTIL | 14134 | 156.28 | 156.28 | 156.28 | 156.28 | 156.28 | 156.28 | 156.28 | 156.28 | 156.28
C1 2000.00 | 2200.00 | 2400.00 | 2600.00 | 2800.00 | 3000.00 | 3200.00 | 3400.00 | 3600.00 | 3800.00
C2 1600.00 | 1800.00 | 2000.00 | 2200.00 | 2400.00 | 2600.00 | 2800.00 | 3000.00 | 3200.00 | 3400.00
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medium of exchange and store of value. The extension 2 proposes a dynamic
economy with money in the utility function adapted from Walsh(1998). Both of
these models are applied with two different scenarios with low and high veloc-
ity of money, and natural grwoth rates of labour and output, and variation on
intertemporal preferences and productivity of capital. Theoretically money is
supernuetral in both of these models and it does not affect capital stock, output
or consumption in the steady state. However it is argued that when economy is
subject to shocks consumer and producer confidence this super neutrality does
not hold, particularly when the economy is moving towards recession. This is
empirically validated by computing CA and MIU models by GAMS and only
sketch of model solutions will be presented leaving further elaborations for future
research.

6 Extenstions:

6.1 Dynamics with Cash in Advance Constraint

Dynamic optimisation process in the cash in advance monetary economy occurs
when households maximise lifetime utility from consumption U(C}) and leisure
but experience disutility from labour V(L;) as:

max Y B [U(Cy) — V(Ly)] (48)

Subject to the technology constraint:
and the Cash in advance constraint

P.Cy + @By + Py Xy + BTy = My + B, + P X, (50)

where P;C} is consumption expenditure P; price of goods, C; consumption,
Biy1is the amount of nominal bonds ¢; is the price of nominal bonds, Xy jreal
bonds s; prices of real bonds, T; lump sum tax payment, M; money.

Budget constraint of the consumer include income from production and al-
location of money for the next period

P,.Cy + q¢;Biy1 + Prsy Xyp1 + P Ty + Myyy = My + B, + P, X, + P,zL,  (51)

Government controls the money supply and transfer process through its
budget constraint:

Mt+1 - Mt = —PtTt (52)

Assuming a constant rate of money growth @ and MtJr] = oM,
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aMt = —PtTt (53)

Normalising the cash in advance and budget constraints by ﬁt and denoting
the real values in small case letters, the cash in advance constraint and budget
constraints become

PeCt + @by (1 + ) + pese Xep1 + peTy = my + by + pe Xy (54)

and

PiCr + qibip1 (14 @) +pesi X1 +piTy +mypr (1 4+ @) = my + b +pe Xy 4+ przLy
(55)
The representative agent chooses Cy, Ly,by11,Xi11,mep1from ¢t =0,1,2,....
to oo.
Bellman value function for this problem is:

U(mtvbtuXtvptvqtust) max [U(Ct) - V(Lt)]+Bv (mt+17bt+17Xt+17pt+1vqt+178t+1)
CtyLiybrg1, Xep1,meq1
(56)
The Lagrange multiplier of this problem is:
L(Ct, Ly beyr, Xor1, Mg, A, fy) (57)

= Y BUC) - V(L)
t=0

FA¢ [me + b + pe Xt — peCr — qebegr (14 @) — prse X1 — peTh]
g [+ bp + pe Xy + pezLy — piCy — qebepr (1 + ) — prse Xep1 — pely — mpyr (14 )]
CA model stated above is solved analytically by expressing prices and quan-

tities in terms of prices using the first order conditions for optimisations as
following:

Cy U (Cy) — (M + 1) pr =0 (58)
Ly =V (L) + pypiz = 0 (59)
ov
b1t =@ (14 @) (A + ) + 5abt+1 =0 (60)
ov
Xt+1 I —DtSt (>\t + ,[Lt) + ﬁaX,H_l =0 (61)
ov
e s = (L0 + B =0 (62)
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By envelop theorem on differentiating the Bellman equation:

ov
& ) (63
ov
ax, P (e + 1) (64)
ov
oy (Ae + 11g) (65)

Combining above these last three and the first two conditions the middle
three FOC can be expressed as:

_e(d+a)UAG) BU/(CtJrl)

=0 66
bt Pt+1 (66)
—sU'(Cy) + BU'(Cyy1) =0
-1 V(L U'(C
(1+a)V/( t)+ﬁ ( t+1):0
bez Pt+1
Market clearing conditions:

mt:th:O,Xt:O (67)

Putting these equilibrium conditions in the budget constraint (in cash ad-
vance model all money is held for consumption) the explicit steady state solution
of this model is:

ptCt =1 + « (68)
All output is demanded for consumption
Ct = ZLt (69)

Analytical solutions for prices consistent with these steady state conditions
Cy=C,Li=L, pr =p, ¢ = q,5¢ = s can be expressed as following:

G =7 f - (70)

5= (71)

(1+a) V(L) — B2U"(:L) = 0 (72)
p="22 (73)

C=:L (74)



Lagrange multipliers

U’ (C) cu'(Cc) V(L)
)\ = — M = — =
P 14+« pz
cu'(C U (C cU' (C cuU' (C
© _ 8 UO) _ CUO) () B \_CVO) s
1+« 14+a p 1+« 1+« 1+«
Nominal interest rate
1 1+«
R=--1= -1 76
. 3 (76)
Real interest rate equals the subjective rate of time preference:
1 1
=-—-1==--1 7
r=s-1=g (77)
Inflation rate
P, DPey1r
j= =M g4 a-1=a (78)
Py pe My
Fisher equation
1+R 1+« 1
1 =—=—=1 == 79
+r T 3 + « 5 (79)

Thus the prices g, s, p, R, 7,4, A are all solved in terms of parameters a and .
From the equilibrium condition ¥ = C' = 2L = HTO‘ and L = 1ZJF—PQ.The output,
consumption and employment decline as inflation distorts the intertemporal
decisions.

Impact of growth rate of money supply on employment is obtained by total
differentiation

dL -V

da (+a)V —g20" =

0 (80)

Period ¢ labour income is erroded when it is consumed in period ¢ + 1. In
line with the inflation targetting regimes the optimal rate inflation can be solved
from the social planner’s problem as

max Y B [U(Cy) = V(Ly)] (81)

{Ct’Lt}zlo t=0

subject to Y; = C; = zL;. The solution of the otimal planner is characterised
by

2U (2L*) = V' (L*) =0 (82)
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Table 3: Parameters of CA Model
Parameters | § «@ B 9y Ly | v | gm z My

Scenario 1 | 0.05 | 0.5 | 0.95 | 0.01 | 100 | 1 | 0.01 | (0.1,0.1) | 100
Scenario 2 | 0.05 | 0.4 | 0.99 | 0.02 | 100 | 5 | 0.02 | (0.1,0.1) | 100

where L* is optimal employment. The optimal growth rate of money supply
is given by the Friedman rule is a = 8 — 1 where the nominal interest rate is
zero, the real interest rate is r = 1+ — 1, cash in advance constraint does not bind
a = [ — 1 because A = 0. Rate of return in all assets are equal in equilibrium.

Transitional dynamics of above models is analytically less tractable. There-
fore a simple version of the CA model is implemented for two different scenarios
for finding the transitional dynamics of the model with slight variation in para-
meterisation as given in Table 3. Model is subject to idiosynchratic technological
shocks and is solved for 30 years to obtained from time profiles of capital, output,
prices, money, consumption, investment , abour supply and lifetime utilities of
households.

Two scenarios are constructed for comparison of impacts of financial crises in
these economies. First scenario is for more regular economy and second scenario
for a crisis hit economy.

Financial crises occur because of shift in the investor and consumer confi-
dences, change in perceiptions and beliefs and technological shocks that hit the
system. The impact of such changes can be very sudden which affect the velocity
of circulation money, technological progress, discount factors or the belief in the
underlying growth rate of the economy. This impacts on prices, trend of output,
prices and other features of the economy. Path of model variables implied by
the solutions are given in the pdf files in the appendix. Initial financial crises
has adverse impact on investment and that lowers the capital formation, output
and consumption as shown in the following diagramme.

6.2 Dynamics with Money in Utility Function

Role of money was for pure exchange in the cash in advance model but there
are circumstances when household prefer to store cash, particularly during the
financial crises. This feature is captured by the money in the utility function
model. When this desire is excessive it causes a crisis in the system like the
current one. The problem of household in this is again to maximise the lifetime
welfare that is obtained by consumption and money.

max W = Z [ﬁtU(Ct,mt)] (83)

t=0

Subject to the technology constraint:

Y, = 2F (Ky, Ly) (84)
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Under constant returns to scael y; = f (k) where y; = % and k; = Ig—: .
Economy wide budget constraint is given by

Yi+ 7Ly + (1 —6) K1 + My :Ct‘i‘Kt‘i'% (85)
Py P
where Y; is output, P, price of goods, C} consumption, Ky, 1is capital stock,
T4 is net transfer for each individcual, M; money, L; employment and ¢ is the
rate of depreciation of capital
In per capita terms

1-6 -
wi = f(ke—1) +7¢ + <> k’t—1+( Tt =ci+ke+me  (86)

1+n 1+7)(1+n)

The dynamic program of this problem is:

V(wi) = u(er,me) + BV (wit1) (87)
(88)

The Lagrange multiplier of this problem is:
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oo
L(ce,me, Ne) = E ﬁuct,mt +
t=0

(Q

Z)\t |:f (wt — Ct — mt) + Tt4+1 + (ia) (wt — Ct — mt) e
t=0 Tn
where ); is the lagrange multipliers.

As before solving MIU model explicitly means expressing the prices and
quantities like y;, k¢, ¢t, kt in terms of the preference and technology paratmeters
as 3,0, and n .In other words the optimal values of variables are determined
by subjective discount factor(8), depreciation (¢)and productiivty («)of capital.
This is done using the first order conditions:

1-6

v uelersmn) = B | )+ (e )| Vo o) =0 (90)

Here marginal utility of holding capital /3 {fk (ke) + (h;g)} V. (wiy1) should

equal the marginal utility of consumption wu.(c;, my).

1-9¢ BV (wis1)
U (e, — k — | Vi =0
s tnleom = ) + (15 )| st + S

(91

Transversality conditions
Jim BNk = 0; Jim B A\my =0 (92)

By envelop theorem:

Av = Vi (wi) = ue(cr, my) (93)

This condition can be inserted into the first order condition to get:

Buc(Cii1, Miy1)
(1+me41) (1 +n)

Thus marginal utility of holding money should equal to marginal utility of
consumption. Left hand side gives the total marginal benefit of holding money.
First term in the left hand side is the direct utility of money and the second
component is real balance effect of holding money m; at ¢ on ¢t + 1. By constant
returns to scale assumption 7%k +w = frk + (f(k) — fuk) = f(k)

Consider a steady state with n = 0.and V,, (ws) = Vi, (weg1) = Vi (w®).
From the first first order conditions 1 — B [f (k**) + (1 —9)] =0
1

u7n(ct7mt) + = uc(ctamt) (94)

Fi k™) + (1=0) =

Assuming a Cobb-Douglas production function f(k) = k® this condition

converts to ak®~! + (1-96)= %
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Table 4: Parameters of MIU Model
Parameters | ¢ a | B Gy Ly | v | gm |z My

Economy 1 | 0.05 | 0.5 | 0.95 | 0.01 | 100 0.02 | (0.1,0.1) | 100
Economy 2 | 0.05 | 0.4 | 0.99 | 0.02 | 100 | 5 | 0.02 | (0.1,0.1) | 100

—_

v =gy (%)

Consumption
¢ =f(k) =0k = | ———— -0 |——— 96
e Ferier IR b rer TN
Steady state inflation rate equals growth rate of money supply

Amss 055 _ ﬂ.ss

mss (1 +ﬂ-ss) =

ss
Aﬂjy , and

where Am®* = 0 implies growth rate of money supply, 6°° =
inflation are equal 6% = 7% .

As in the CA model the transitional dynamics of the MIU model is found
numerically for two scenarios representing more stable and less stable crisis
prone scenarios with the set of parameters in Table 4.

Detailed time path of variables y;, k¢, ¢t, k¢, pr are shown in series of diagram
at the end. Underlying factors for such fluctuations are the moral hazard and
adverse selection between lenders and borrowers or the public or the private
sectors or the shocks to the technology or sudden shift in the belief. Analysis
of results of all economic activities is the welfare of the households from the
consumption of goods and services reveals how financial crises impacts their
prospects. Producers face lower stock of capital and to combine labour and can
supply less of those goods and have to pay more for factors. Direct and indirect
taxes distort choices of households.

The allocations presented in the model 1 are steady state counterparts of
the the dynmic CA and MIU models and depict the long run behaviour of the
economy. Steady state is a condition where growth ceases to exist. This makes
the comparative static conclusions efficiency, and redistribution an aproximation
to full-fledged dynamic model discussed in the last two sections.

7 Conclusion
Impact of fiscal and monetary policies are assessed in the an open economy

two sector multi-household general equilibrium tax model with money. There
is alarming gap in the distribution of income among households which none of
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the stabilisation policies could possiblly address. Impacts of fiscal expansions
are positive for all categories of households but the gains are much higher for
household in the upper income group than for the households in the bottom
income group despite claim of the government to help out to those with the least
means. Model results show that demand, output, employment are sensitive to
the consumer preference and confidences and sectoral shift in the production
technology and impacts vary across households. Simulations result show that
monetary policy is less effective in promoting output, employment and other
economic policies than the fiscal policy. This is consistent to super neutrality
of money found in the steady state of the cash in advance and money in the
utility function models. Relative price based optimal allocation mechanisms and
redistribution provide several hints on how the complex mechanism of rellacation
and redistribution functions occur in a real economy.
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