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GOVEREMBNT REVENUE-EXFENUITURE CAUSALITY AND CO-INTEGRATION:
EVIDENCE FOR BARBADOS.

rbgtract: This paper tests Barbadian data on govermuent revenues
and expendituraes for Granger causality. The mesthodology
smploved ia o test for pointegration before formulating
the arrey sorrescion models {augrenred veohor
autoragression) used to cest for causality. The results
show that revenus and saxpenditure are cointegrated and
that unidirecciconal causality swists from revenue to
axpenditure. A trivarists model that included inflation
found evidence of a bi-&lrecticnal causal zslationship,

Keywords: cointegration, error corrsction model; Granger-
causality.

Intrpdugbion

This paper uSes an error-correction model to test for causation
petween govermment revermes and expenditure in Barbados. It is
argued that the BEngle and Granger (1987) fzamework provides a more
genaral test for causality than the standard Granger test [ses
Granger {(196%), Guilkey and Sala}m‘. {1982) and Sewske, Meese and
Dent {(1983)], since vhe "standard test" equation is migspecified if
the variables in the relationship of interest are cointegrated.!
The approach adopted thus requires a testc for cointegration prior
to the formulatbion of the causality-testing equations. Our resulis
indigate that, £or the blvariate cass, government revenues causs
expenditurs, and that in a trivariave gyatem including inflatien,
there is evidence of feedback from expenditure to revenus.

There is no general theorstical consensus on the causal relatisn
between expenditures and revemue. The debate dates back Lo
wagnsr's '"Law of Expanding State Activity" which recognised the
importance of revenue as a constraint on government expenditurs,
and the Peacock-Wiseman *displacement sffect® which gsuggestesd that



expenditures lead revenuss. Friedman {1982} states that
"increasing tawxes would mean that you’d have just as large a
deficit but ar a higher level of government spending’. Barre
(1274), oo the other hand argued, that incressed taxes gre the
sutcomes of higher levels of fiscal expenditures, so that causality

mens f£rom expenditure Lo yevenue with no feedback.

This lack of = theorsticsal congensus has led to a number of
empirical studies using both developed and developing c<ountriss
éate [see Ram {1568}, Anderson, Wallace and Warmer {1986}, Millsr
and Rusgek {1991}, Shibata and Kimura {1986}). The phiiosophical
foundations of Sranger's definjtion of causality has also been
questioned {see Zellner (1979}, Ceweke {1384}, Jacobs, Leamer and
ward (1579}, and Hoover (15301}, while issues relating to the
gensitivity of the test results to lag length smelection and

detrending have been discussed {Thornton and Batten (1981),
Wakhaeizadah (1987}, Craigwell and Leon {(19%30)).
Caugality between revenues and expenditure has potential

impiicationg for policies aimed at controlling the growth of the
fiscal gap. In 1987 and 1988, the Barbadian fiscal authoricies
instituted a number of new taxation measures aimed at recovering
rlogt' revenues to close a widening fiscal deficit (see Craigwell
and Rock (1288), and Howard (1986)).
rhat policy stance thar
unanbiguously to lower deficits,
goverrment speuding.

An implicit assumption of

nigher revenues would lead
given a predetermined level of
If revenues lead to higher expenditures, the
anticipated reduction ir the fisea) deficit may not he realised.
If vevenues are caused by spending and not vice versa, increasing
revenues will not lsad to higher expenditures, and could be sesn as
a potentizl strategy for reducing the fiscal deficit. If revenuss
and expemiitures cause €ach other, a policy aimed at increasing
revenues could have limited success in addressing the defic:it if
the conpcomitant incresse in expendituxes is ignored.

was
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kn empirically determined causal relabion is examined for daba
covering the period 1945-1992. Section 2 outlines the tests of
causality with and without cointegration, while the results are
digoussed in section 3. A concluding summary ls provided in
seution 4.

2. Caupallcy and Cointeoration

A Grangsr csausality test examines whether past changes in one
variaple {X) help to predict current changes in another variable
{¥) afuer controlling for the effect of past changes in ¥. TS
conduct the test, a relevant information set must be defined,
variables need to be stationary and the number of past changes of
% and ¥ need to pe determined. Thus for two I(L) {(non-stationary)
variables, reguiring first differencing to acholeve stabionarity,
the Granger causal test 18 based on the regreasion:

[ 4
AY, =« + EBAY,; + LBAX,, + & 4))

¥ ism gald te not Granger-cause Y if the 5js, basad on the standard
P-test, are jointly insignificant. ¥or the same equation, but with
A%, on the left side, Y Granger-causes X if the ﬂjﬁ are Jointly
gignificant. Therefore, by considering both regressions (AY and AX
as functions of lagged changes in AY znd AX),
Find that:

it is poszinle to

{z} ¥ causmes X, but X does not cause ¥;

{n} ¥ and X cause each other;

{ec} ¥ causes ¥, bubt ¥ does nort cauze ¥; and
4} X does not cause ¥ and Y does not cause X,

Engle and Gracger {1$857) showed that when & set of variables avs
coincagrated there musat He gausation in at least one direction, and



an Brroy Correcrion Representaticon exists with current changes in
each variable explained by lagged changes in all the varishles and
the lagged equilibrium relationships samong the variables.

for the
bivariabe case, we have
x-f -l
AY, = o + vElsjAYt.j + g?’;m,j ~ @y 23
i= =
whare U, = Y, -f#X, is the equilibxium relationship between Y.
and X,..

Therefore,  wien two saries are ogintagrated, the standard causal
test equation {Bqgn 1) is misspecified in that it omits the variable
Uy e In paxrticular, & significsnt ¢ will now imply a Granger
cangal affsct fyxom X to ¥, aven if the 748 are insignificantly
differént from zero. Further, X doss not cause Y, and ¥ does not
cause X, is not a feagible possibility if X and ¥ are cointegrated.

3. xri ul

Qur analysisz employed annual datz for the period 1846-1992 using
government reverues and expenditures in Barbados.? All variables
are im leogarithms and have been deflated by the price index.
Before conducting the causal tests, =ach wvariable iz tesced for

not-gtationarity. Cointegration tests are then performed for the

relevant wvariables of intersst. ¥We consider both bivariate and

trivariate information sets and £ix the number of lagged changes

considerad in the regression.? In examining the tremporal
properties of the data, correlograms and regression based "Dickey-
fuller® tests [Dickey and PFuller (1979, 19811

determine whether each series is stationary.

ware used o
A rejection of
in level fowrre wrequires the Lirsc
differsnce of that series to be teated for stationarity. If the
first difference iz stationary it is sald to be I{0) and this

.atationarity ©of the series
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implies that the level series is integrated of orxder ome, I{l}.
The Dlckey-Fuller tests ars performed within the regression
frameworic

AY, v o + ¢T + p¥,, + jElBjAYM + g 3}

The tests for stationarity is based on the significance of p, where
the hypothesis p=0 implies that ¥ is non-gtationary and p<0 implies
Y ig statlonary. 2Berg restrictions on o ané § depend on whether
the process posited Lo be gengrating the data has a non-zero mean
or A time tyend. The m lagged dependent variabies are included $o
gnsure the residuals are sot auto-corrslated; m=0 defines the

Dickey-fuller test while nedd is called the Augmented Dickey-Ruller
teat.

fable 1 helow reports the regults for the variables of interest.
{Table I here]

The results show that the logarithm of the level of each seriss is

non-stationary [I{1)), but that the change in the logarichms are
atationayy [T(O)].

The exiztence of a3 long run relabicnship is based on the principls
of cointegration.

will, If a particulsxr lLinear
combrination of thege non-stationary variables is gtatiopary the set
of variashles ig said to be colntegrated.

A linear combination of non-stationary verisblss
in general, be non-stationary.
The cointegrating vector
deacribes the tendency of the set of varlablas to move towards an
grruilibrim, For example, in the two wvariable coase,
colntegrated variables do not diverge fxom other,
move together}.

the
{they tend to
In the bivariate gase, the test for cointegration
is wonducted by tasting the wesiduals from the gtatic regression

Y, =g+ 60X, + g (%)
for statiomarity.



The tasting procedure is the Dickey-Fuller test outlined above, but
with different critical values o account for the Ffacht thayr the
remidusls nave to hHe eseimated.

Teble 2
Static fegressions
Coafficisots

Dapandast l

varizbla | Consbas | ypoy | rarx ) meor | B2 | Dw oo | aoE)
LROCX ~0.3L 1.008 L8587 | %.18 -& T~ ~4 25%
LRGR 9.1% %.,962 887 { .17 4 BE* i g
LRTX 0.07 1.0867 .975% | 0.81 “£.21% -3.27
LEER -] Sh4 875 1 0.8D ~3.595% | «3,06

ROTE: The estimsted regregsions axe ¥ = ¢ + X +» £ and X = 4 + 8Y + UG for
¥ o= {LRCE, LRTR} and X = {LRGRY.

* gignificant szt 3 per cenrc level

Table 2 reporta ordinary least squares estimates of the

golntegrating regressions for beth tobtal and current expendibures
and revenue. The hypothesis that real current expenditure and real
ravsnue are colategrated gannot be rejected. The evidence for rasl
tobal expenditure is tenusus: the hypotheais of no reiection is not
rejected for the ADF statistic.® $ince our interest yelates e the
implications of cointegration ic causality tegts, the results below

foous on the relaticaship betwesn Current expenditure and revenue.

Toble 3
ﬂ%ﬁgjﬁt&iit{ Teits
Deperdient Varisble —
RBiwronzors e I
BLACE DLEOR _
Lonsting LE 1,493 W05 (2,423 W4 €847y W0F 1,943 A3 (1L T8 % L1.75)
DLEER(-12 .28 £1.23) Bk (3203 -.&0 (2.38) ~ 0% (B.46) 0% €78 <03 €143
SLRER(-2) =06 {0.24) =87 12,593 ~.58 {2.25) .22 £1.603 28 (1408 A gLEm
ULRER(-1) E5 4138 L57 2.5%) W58 (2.4TY BAR{ K] R P 0% £.283
ZLRGR(-ET W29 {1.29) W65 {2.913 B3 {373 W0% 2018 <07 €03 ~.83 ¢
£CHE-3) - HF €341 O €39
RECH(~3) W78 £3.1%3 LR ]
F(739)=1.49 F{2, 383=5 35 Fei,303=5.72% Fe2,39108.63 FER, 3837159 #(2,58)=1.78
& .58 E AT Bl ] .
38 .95 .08% 08 .7 a7é 07

NOTE:  ECR iz the residual from the static regression of expenditurs on reverue ood RECH is the residual of the feverse
regrassitn of rovenue on expareii ture.

* gigniflesnt ot 5 per cont lyvel
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Table 3 displays the results of ths causalivy
logarithm of real courrant gxpenditure (LRCE} apnd real revenue
{LRGR} . The rassulits show the need to axercize cautiesn din
intarpreting causality Lests when the variables are cointegrated.
Without the cointegrating residual, neither variable causes @ach
ather. When the standard testing equation inciudes Lhe error
correction term, found Do Granger Ccauge current
sxpenditure; current expendituyre does nobt cause Grangsr -Canse
vevenuse at bhe § persent level,

tastas for the

revenue ig

The above exclusion F - testy examine the dynemic regponse bhelwesn
real ¢urrent expenditure and revenue but exclude the long-run
gausal relationship implied by the cointegrating vector. Alexander
{1993} azgueg that the ipclusion of the cointegrating vector in the
excluzion test  could distort the resultas because of the
significance of the srror correction term., Taylor and Tonks (12489)

include the long-run relarvionship by egtimabing unrestricted anto-
regressiond:

Bk k1
8Z, = o+ BOAYG + TypdXer + 8ok + BXex + e for Z = (¥, X3 5
' : i

The tagt for CGranger cavsality from X to ¥ involved testing the
joint significance For f#2 and the +is cthe significance of
lagged x and lagged changes in x). This formulartion {Bgn (51} has
an Ii{o} left hand side variable and two right hand side levals (Yt-k
and Xt-k} LChED arg Iil)s‘ Unless {H1¥e-k + FoEr-k) iz I{o}, ¢, will
e I{i). Further, the implicit long-run relaticonship recovered
from Egn. (5} may not be the same ag that estimated from che static
long-run regression (Eqn. {(4)}. The crux of the problen is thar
the parameters of interest incinds f2, and £2 can be written ag a
co-efficient on a staticnary wvarisble only 1f ¥ and X are
cointegratad.

i.=2,

If not, non-gtandard distcribution theory applies,
{Sea Stock and Watson [19881).



Table 4 - Results of the Unrestricted Aunto-regreasaioms

lependent Variables

Ragressors DLRCX WLRGER
Constant - 83 {5.80) A8 (n.o7)
DLRCX (1) -.65  {3.25}) «. 06 {0.36)
DLELX (-2} -.80 (2.69} L38 {1.28}
DLRGR {-1) L85 (2.48) 0%  {2.28)
DLRGR -2} B4 {(2.88) -, 02 {0.08)
LROE (-3} -.B4 (3.47} L07 (0.30)
LRGR (-3) .84 (3.33) -.09  ({.42)
B* . 316 L 182

SE . .84 074
F(3,37) %.38% 1.00

* Bignificant at 5 per cent

The result for the expenditure eguation {[DLRCX) recovers the
restricted ECM estimataes of Table 2. Revenue Granger causes
gxpenditure and expenditure does not cause revenus, All Yerror
¢orrection® eguations satisfy serial independencs,
homoncedasticity, normalilty and  gorrest functional form
agsumptlons. However, the percentage of the variation in the
dependent variable that is explained is low in each case,
indicacing the need possibly to extend the information get.

Fg}x' & trivariate system, we consider potential inflacicn effects on
real expeadiburs and rsvenue, The inflation varizble could bs
justified as z "monsy illuglon' effect 1f government perceives an
increase in nominzl revenue a5 an lncrease in real revenue. This
may be due to the different short-rupm effects of inflation on the
compenents of revenue and expenditure. Alternatively, if inflatic
is unanticipated, real expenditure may fall through involuntary
saving (Deaton (1877} . Since inflatdon is T{o}, thers will be
enly one cointegrating wector. The zesults. for this trivariate
gystem,® showr in Table 5, ipdicate that expendituve is caused by
both revenue and inflation, revenue is caused by both inflation and
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expenditure, and inflation in not caused by revenue but iz coumed
by expenditure.® The significance of the second iag of expenditurs
in the reveaue eguation and that of the first lag of expenditure in
the inflation eguation suggest that expenditure causes infiation
which in turn causes revenus. This causal link may help explain

why in the bivariate system expendibure has, at best, a weak causgal
influence on revenus.’

The above findings do not thersfore provide unambiguous support for
increaging revenues to reduce the deficit, The result thag
revenues cause expenditures with poasible wesk feedback suggests
that increased taxavdon iz wunlikely to zeduce the deficitb.
Expsaditure restraint or reform seems to be a more successfal
sLrategy.

4. Conclugion

Thiz paper investigaies Ethe causal relationship between resl
ravanues and real expenditure for Barbados during the period 19486-
1992, It argues that it ig necessary to tsat for cointegration
hefore employing th= vector autorsgression test for causacion since
the wvector auvtorsgression iz misspecified 3if the wvariables are

gointegrated. The results show that real current expenditure and
revenues are cointagrated and that revenuss Granger cause
expendicture. A trivariate system that included infiation shows

caugation from infiztion and revenues
gxpenditure to inflatdon,
ravenua.

o expenditure, from
and from inflation and expenditurs to

The bivariate resulte indicvate that revenue increaging measures ars
unlikely to reduce the deficit. gven in the trivariate syatsm,
whare some svidence of feedback from expenditure tq revenues exista,
the dominant causal relationship seems to be from revenus te
expenditurs. An implication of this result is that expendituxe
control may be a more sucgessful strategy for reducing the fisca,
deficit.



Table l1: Testing

for Statioparity

Hith
Variable Tesat Ho trend Treand
LRTX DE 2.8 -1.5%
BOF (1) =178 -3 .04
DLATK ¥ -8,77* «7T,05%
ADE (3} -4,189% e, SA¥
LROX nF ~%4.55 «%.84
ADF (1) =31.13 -1.26
DLRCX oF -7 .44% -T. 44
ADFLL) -4, 47% -4, 83%
LRGR DrF «1.16 -%,09
BOP (1} -3.17 ~1.06
DLRGR Dy -6, 37% -G, 2%
ADF {1} ~3,88¢ ~4 . 07*
LEY. Dr -2.07 -2.10
ADF{1} -2.158 -2.36
DLRY n¥ ~6 27" -5, 55¢
ADF 1) -5.34% -5.62%
LRP DF 1.08 «1.14
ADF{L} 0.4%1 ~Z.11
DLRP DF -3.28% -3.43
ADF (1} ~3.66% 3.7
BDFE2) 2,16 -2.13
D2LRE o -6, 44t -6, 36%
BOF{L) -7 BAY ~7. I5%

* gSignificant at B per cent lsvel

RTX is Real Total Bxpenditure,

RCY 18 Real Current Expenditure
RGR iz Real Government Ravenue
RY is Resl Income

RP is the Consumer Price Index

The prefix L signifies ths patural logarithm of the variable

I meang the first difference
p2iey iz the change in inflation

when total expenditure is current
expendlture plug capiral expenditure and net landing.
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Yablae 5
Rapults for Frivariate Sypten
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END_NOTES

Coiategration is =a technigque rhat allows estimation and
inference to be possible when economic variables digplay non-
constancy in thelir mean and variancs.,

tata are from the Cengyal Bank of Earbaclos.-
congtant 1973 dallars.

GRE im in

The alternative of a flexible lag strugturs is explained in
Heazio {1281).

Thisg result iy supported by the Johansen (1988) test which
indicated one aointsgrated vector for LRCX and LRGR bub could
not reject the null of zero cointegrating vectoxs for LRTE and
LRGR. The estimated vo-efficlient vector for the cointegratitig
regression is almost identical to the 048 estimmtes.

The reporied vesults are for a trivariate system with one
cointegrating vector relating sxpenditure to revenue. The
alternative of treating inflation as an exogencus variable in
a geperalisad vecotor autoresgression yields the same causal
relaticnship ahowvs. The edgential difference ig  that
inflation vather than changes in inflation entexr the bivariate
generaliged vector autoregresaion.

The second lag on expenditure is significant, indicating a
weak fesdback effect from expenditure to revenue,

The trivariate system with real expenditurs, real revenues and
real income yielded one cgointegrating vector ({(using the
Johansen procedurs) with a co-efficisnt on real income that
could not be rejected me egqual to zZers, The trivariate error
corrgction models yielded similar resul&g to the bivariste
cagse. Real income does not Granger cause elither expenditurs
[F{2,38} = 2.06], or rsvenue [F{2,38) = 0.03]. In facr, the
ivariare systems of expenditura-income and revenue-income are
not cointegrated.

270

EEFERENLES

alexander, €.0., {1883] "Chasging Relationship Bstween Production,
wages and Unemployment in the U.R.", Oxford Bulletin of Econanics
and Statistice, Vol 55 No.1 {1993), pp.87-102

Andergon, W., M.2. Wallace and J.7. Warnexr
Spending and Taxation: What caunses What?",
Journal, Vol.52, Ho.3, pp 638-33%.

{1586} TGovernment
Bouthern Fcopomic

Barro, R.J., [1974) *"Are Govermment Bounds Net Wealth?* Journal of
political Erenomy, Vol. 82, No.6, 1974, pp.l095-1117

Craigwell R., and Leom H., {1990} “Causality Testing and
Sensitivity to¢ Detrending: The Money-Incoms Relationship
Ravigibed® North American Review of Hoonoprcog and Finance, 1, 117-
i5.

Craigwell R., and Rock L.L., (1284}, *Tax Then Spend, or Spend Then
maw? HSvidence f£for Barbados*, Central Bank ¢f Barbades Research
papers, September 1988,

Deatonr, A.8.. (1977) "Involuntary Saving Through Unanticipated
Inflation®, American Egonomic Review., €7, pp.&83-510.

oickey D.A., and Fuller, W.A., (1981), "Tha &Likelibood Ratie
gtatlatics for Autoregressive Time Series with = Unit Reoev,
EBoonometiica, Vol 49, 581087-72.

Dickey D.A., and Puller, W.A., {1979}, “Digtxibukion of the
zatimates for Autoregressive Time Series with a Unit Root*, Journal
of the American Statistical Association, 74, 437-31.

Engle, R.F. and Granger, €. (1987}, *Cointegratioan and Error
Correction: Repregsentation, Estimatisn and Testing*, Eeonometrica,
55:251-376.,

Friedman, M., {1§82), Intcerview with the Washington Times, June 2
and 3, 1B83.

ceweke, J., (1984}, "Inference and Caupallity ir EBconomic Times*,
Zeriss Model in 2 Griliches and M Intriligator, {eds), Handhbeok of
Eoonometrizcg, North Holland, Amsterdam, LL0L-1144.

caweke, J., Meese, R., and Dent, W.T., (1983), *Comparing
Alternative Teats of Causalilty in Temporal Systems: Analytleoal

pagults and Experimental Evidence®,
21, 181-194.

Journal of Econometrics, Vol



Granger, C.W.J., (1963}, "Investigating Causal Relationships by
Econometric Mgdsls and Crosg-Spectral Methods®, Econometrica, Vol
37, No.3, 1969, pp.424-438.

Guilkey, D. and Salemi, M., (1982), *Small Sample Froperties of
Three Teats for Granger-Cansal Ordering in a Blvariate Stochastic
System*, Review of Fronomicg and Statigeics, 64, 668-681.

Hoover, K., (18%0), "The Loglc of Causal Inference: Econometrigs
and the Conditional 2Analysis of Caugality", EHeonomics and
Philoscphy, 6, 207-34.

Howazrd, M., "Income Tax Reform: An Analysis of Two Barbados Budgets

1938%, Universigy of the West Indies, Cave Hill Campus, Barbados,
mimec, December, 1586

Kegaie, C., (1282}, *Autoregressive Modelling and Causal Oxdexing of
Boopomic Vaziables®, Journal of Eronomic Dynamicyg and Control,
¥ol.4, pp.243-59.

Jacecka, R., Leamesr, E., Ward, M., {1979}, "Uifficulties with
Testing for Causation™, Economic Tnguiry, 17, 80-75.

Johansen, 8., (1988), "Statistical Analysis of Cointegration
Yectora™, Journal of Fronomic Dynamics and Control, 12, pp.231-254.

Miller, S.M. and Russek, P.8. {1%%1}, *Cointegration and Error
Coxrection Models: The Temporal Causgality Betweesn Government Taxes
and gSpending®, Scuthern Economic Journal, 57, 221-285.

Nakhaeizadah, G., {1987}, *"The Causality Divection in Consumptiom-
Income Process and  Sensilrvivigy of Lag Structured, Anplied
Eeonomics, 38, 832%-438.

ghibvara, H. and Kimura, Y., {1888), *Are Budget naﬁiai-t:a the Cauvsge
¢f Growth in Govermment Expendituress®, in B.P. Herber {ed), Public
Finance and Public Debt (Detroif: Wayne State Univergity Press).

Stock J.H, and Watson , M.W. (1988), "™Vardable Prends in Edounomie
Time Saries*, Journal of Economit Progpectives, Vol 2, No 3, Summer
1588, pp.l47-174

Taylor, M.P. and Tonks, I. (1988}, *The Internationallaation of
Steck Markets and the Abclition of the U.X. Exchange Controls,
RBeview of Economics and Statistics, Vol 7L, pp.332-336,

Thornten, D., and Batten, D. {1988}, *Lag-Length Selection and
rests of Granger (ausality hetween Money an Income®, Journal of
Money, Credit and Banking., 17, 164-178.

Zellner, A., {1978}, "Causality and Econometrics*, in K Brunner and
H Meltzer, (eds), Three Aspecrs of Policy and Policymaking:
Knowledge, Data and Institutions, North Holland, Amsterdam.

271



