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Abstract

This paper sheds light on the income elasticithexdlth care expenditure in Africa. The
existing literature has to date focused on develapmuntries due to scarcity of health
expenditure data in developing countries. We heiploit panel data techniques,

combining time-series and cross-section data, wihichble a substantial increase in
testing power. Income elasticity of health careesgture for 28 African countries over

the decade 1991 — 2000 is investigated. In addtboaggregate health expenditure, we
model public and private health expenditures seplgran both the short-run and long-

run, public health expenditure is found to be aulyxwhile private health expenditure a
necessity. This is not too surprising in the cont#xAfrica, where the public sector has
to strive hard to provide basic health care topgber majority but where a rich minority

can easily afford hi-tech private health care. kemnore the income elasticity of public

health expenditure is found to be pro-cyclical wttihat of private health expenditure is
counter-cyclical, thereby reinforcing our previdingling.
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1. Introduction

The health care issue figures prominently amongniiiennium development goals set
by the United Nations in September 2000 and sigmedhearly 190 countries. Better
health outcomes in the form of better treatmentication, nutrition and sanitation are
crucial for improving economic welfare at both tmécro and macro levels. A healthy
population is bound to bring higher economic vaddeed. The financing of health care
expenditure (HCE) is therefore a predominant cangeany country, more so in African
countries where severe budget constraints applywdrete health outcomes are among
the poorest in the world. The present paper estisntite income elasticity of HCE
(YEHCE) in Africa with a view to understanding hawe health budget is likely to
respond as a result of economic growth over timeeiGthe scarcity of health care data
for developing countries, the academic literaturadate has focused on the developed
world. As reported in Atella and Marini (2002), thieerature can be categorized into
three generations. The first-generation studiesemase of cross-sectional data. The
second-generation studies utilize pooled data.thind-generation studies employ panel
data whilst also allowing for non-stationarity araintegration.

The first-generation studies are based on crosstgobivariate regressions i.e. aggregate
HCE and GDP. Using data from the OECD countriesyhbuse (1977), Gerdthas al
(1992) find that YEHCE exceeds one while Par&inal (1987) observe that YEHCE
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depends on the functional form of the testing frammi. Using African data, Gbesemete
and Gerdtham (1992) conclude that YEHCE is vergelo unity while Vasudeva (2004)
reports that health care income elasticity is gme#tan unity. The second-generation
studies make use of pooled data. Gerdtham (196@3 tihat YEHCE is positive but less
than one whereas Hitiris and Posnett (1992) obsanviecome elasticity of greater than
one for the OECD countries.

The prolific advancement in econometrics in thelyed®90s has lead to the third-
generation studies. These have been carried ouiynfar OECD countries. Hansen and
King (1996) ascertain that GDP and HCE are noriestaty. McCoskey and Selden
(1998) employ the same dataset as Hansen and KB®6) and conclude in favor of
stationarity. Bac and Le Pen (2002) show that ire@tasticity of health expenditure is
above unity for their least biased estimator. Dregel Reimers (2005) find evidence of a
health care income elasticity of below unity. Acating for structural break, Jewedt al
(2003) reject the null hypothesis of unit root idCE and GDP. Carrion-i-Silvestre
(2005) detects a stationary property for both seamund a broken trend that exhibits
multiple structural breaks. Employing Indian dd&aat and Jain (2004) report an income
elasticity of health expenditure of above unity. Myaand Rettenmaier (2006) find that
health care income elasticity is greater than on®&® U.S. states.

This paper exploits panel data techniques, thatbooentime-series and cross-section
data, which enable a substantial increase in tegtower. This also constitutes the first
attempt to explore the income elasticity of healtpenditure in Africa, using 28 African
countries over the decade 1991 — 200he paper is organized as follows: Section 2
presents the econometric model and specificatists,tsection 3 provides the empirical
analysis, and section 4 summarizes our findingsppoddes some policy implications.

2. The Testing Framework

Table 1 presents average values for real HCE anél @ capita over the decade 1991-
2000. It appears that countries with high GDP p@ita have relatively higher health
expenditure per capita. Figure 1 illustrates thewgn rate of these variables including
those of disaggregated HCE per capita. The lirtkvéen HCE and GDP, in particular
the rate of change in health expenditure, can Isesasd by the health expenditure
income elasticity:

0(HCE) GDP )
0(GDP) HCE

If YEHCE = 1, HCE is changing at the same rate as GDP.dfYEHCE < 1, HCE is
deemed to be a necessity. If YEHCE > 1, HCE is @ekto be a luxury item. The
reduced-form equation to be estimated is given as:

LTOTHPG = fo + f1LGDPPG,; + ot + & (2)
LTOTHPC is the natural logarithm of real total HCE per itagUS$). LGDPPC is
natural logarithm of real GDP per capita (US$).captures YEHCE. The linear time
trend,t, is used as a proxy for technological progressimdgroved technology may raise
or reduce the cost of health care provision oveet{Atella and Marini, 2002). Roberts

YEHCE=

! The data were gathered from the World Developnheticators (2003). The selection of countries was
done purely on the basis of data availability.
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(2000) has been among the first to stress the itmpoe of technology in the HCE
function.g; is the error term.

Figurel: Average Growth Rate, 1992-2000
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Figure 2: Evolution of YEHCE, 1991-2000
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The inclusion of a time trend in unit root testss Haeen a central point of debate.
McCoskey and Selden (1998) mention that in cadewfdata points, the inclusion of
can cause a loss of power with little improvemenfiti while Hansen and King (1996)
recommend the inclusion @fMacroeconomic variables have a tendency to isereaer
time and be stationary around a deterministic trétebults obtained without and with
are reported for both unit root tests and regressiblealth care heterogeneities due to
differences in quality of medicine, equipment aneldioal staff may be an added source
of misspecification. The income elasticity of pwbland private income health
expenditure is studied separately. This is usefupelicymakers because public and
private health care may be of different commodipes in Africa, as elsewhere.

Various panel unit root tests have been employetthenliterature. We make use of the
Im, Pesaran and Shin (2003, IPS) test which is sedan the average of individual
Dickey-Fullerz-statistics. The-bar statistics are defined as:

- 138 Yo,
e =—) T, —
NT N |Z:1: i —
whereT, is the ADF test statistic for th& country. The standardizabar statistic is:

it -3 S elee.0)
\/Iil ZN:Var[ﬁt (2.0)]

i=1

7= (3a)

Y. =

(3b)
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whereN is the number of panel§,; is the average of the country-specific ADF statssti

and values foE[tir(p;,0)] andVart(p;,0)] are obtained from Monte Carlo simulatic#.
statistics are compared to critical values offi@,1) distribution.

The second panel unit root test is Hadri’'s (2008@yrange Multiplier (LM) test which is
based on the KPSS (Kwiatkows#i al 1992) LM-statistics:

- 18
LM, ==>"n (42)
N =
whereH, of level or trend stationary is tested againstdhernative of unit root in the

panel. AssumingE[ui’t:|= E[é‘u]= 0, u; ande, are independent and identically
distributed {id) acrosd andt, the limiting distribution of the test statisti i

_ «/W( LM, - ‘rﬂ)
H Z,u

where = represents weak convergence in distributign, are mean and variance of
the standard Brownian bridge. The IPS test statist(3b) is based on the average\bf
country-specific ADFt-statistics while the Hadri test statistic in (4b)based on the
average of thé\ country-specific KPS&M-statistics. Karlsson and L6thgen (2000) put
forward a caveat of the IPS unit root test in th&gnds to have high power in panels with
largeT and low power in panels with small In contrast, the Hadri test performs well for
panel data with short time dimension (Barhoumi,5)00
Two cointegration tests are considered in this paldgblom and Harvey (2000, NH)
postulate a test of common trends whegeidHstationarity around a deterministic trend,
i.e. there exist& < n common trends (i.e. rankf) = k), against the alternative of a
random walk component occurrence i.e. there erisi® thark common trends (i.e. rank
(2n) > k). The NH statistic tests the null of no commomtreagainst the alternative
hypothesis of common trends among the variablesnbldel needs to be estimated as the
test is based on the rank of covariance matrikefdisturbances driving the multivariate
random walk. Evidence in support of the null hygasib implies cointegrationf A, the
r X n matrix of cointegrating vectors is known, then kité test statistic is:
&r(A) = tr(ASA") 'ACA’ (5a)
whereSis the nonparametric estimator of the spectral itlenas frequency zero using a
Bartlett Window as stated by KPSS:

S:Fo+zm:{1— ] }[fﬁfj,] (5b)

= N(0,)) (4b)

=L m+l
wheremis the number of lags in the transitory comporaert
P _ R\
r —;t:lZﬂ(yt -V) (¥ -Y) (5¢)

C is an estimator of the second moments of pantiassof the time series:

. I
|

Cq—ié@(x—v)} (50)

This test is specifically a test of the pre-spedfcointegrating vectors, i.e. a test of A.
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Second, Pedroni (1999, 2004) develops seven pairgkgration test statistics based on
the residuals of the Engle and Granger (1987) sagye computed from:

yi,t:fi"faﬁék Xota gttt g gt e (6a)
for t=1, ... .. T, =1, .. Nym=1, ... M . T refers to the number of observations
over time,N refers to the number of individual members in taagd andM refers to the
number of regression variables. Tag &, ..., 8, are permitted to vary across individual
members of the panel. The paramegis the fixed-effects parameter which is also
allowed to vary across individual members. These specific to individuals and are
captured by the tergjt. The standardized distributions are given by:

X ~HIN N(0,1) (6b)
%

ND

where X, ; is the appropriately standardized form for eactthefN, T statistics and the

values foru andv are respectively the mean and variance as givdtedyoni (1999).
Pedroni (2001) proposes to apply fiudly modifiedOLS (FMOLS) to obtain unbiased
long-run estimates. Such methodology can accountédh endogenous and serially
correlated regressors. Assuming a bi-variate FM@io8el:

Yo =0 +B% +y  wherex, =%, +&, @ =(4.5) (8a)
the asymptotic distribution of the OLS dependstwnlbng-run covariance matrix of the
residual process. For thei-th panel member, the matrix is given by:

. 1 T i ' ! wui wusi
QF#‘E"JO;E(ZLUHJ[;WHJ =3+ 4T, :[w’ m'j (8b)

t=1 ue,i £,

. 1 Ll in Jusi
where ) ﬂ'ﬁl?; E(w,a,) =(0-ug’,i ng,; J (8c)
I 1 T-1 7T w, y X y .
and » =lim= Elww _ )=| " " 8d
2=imy 2, 2 El@ais) (y yJ o9

respectively denote matrices of contemporaneousrelation coefficients and
autocovariances. For convenience, the matrix:

8. 4., o '
oela, GJEor el
is defined. The endogeneity correction is achidwethe transformation:
Yo = Yo = Wei@iei DX (8f)
and the fully modified estimator is:
B =(X%)"(X'y~T8,), where, =6,,~ 6 'm,,, (89)
3. Results

The IPS panel unit root statistics are in Table.2¢ixed results in relation to the order
of integration are obtained. The inclusion of aditnend seems to affect the outcome.
However, referring to Hadri’'s test in Table 2(bl), series are found to be 1(1). Overall,

135



Applied Econometrics and International Development Vol. 8-1 (2008)

based on these observations, the series appeataw fin 1(1) process. We next perform
the cointegration tests.

In table 3(a), the NH test statistics are repoueder both the independent and identically
distributed {id) random walk errors (NH} and the serially correlated residuals (N#j-a

t) assumptions. The test is calculated under twierdifit specifications i.e. fixed-effects
without and with time trends. Under the first sfieation, H, is rejected only in the case
of non-parametric adjustment (with 1 lag) to thegeun variance statistic (i.e. NHdjat).
Cointegrating vectors are revealed under both aggans when including a time trend in
the autoregressive process. Moreover, the resoft$&€droni's (1999, 2004) tests are
presented in Table 3(b). Pedroni (2004) examinedsthall sample size and properties of
all these tests. In terms of power wheis small, the group-adf statistic usually performs
best, followed by the panel-adf statistic, whengasel variance and the gropystatistics
do poorly. H is systematically rejected when referring to theug-adf and panel-adf
statistics. Both tests therefore support the pr@sen cointegration.

In general, the health care elasticity does nomst® vary much across the different
specifications. To estimate the short-run elasticin error-correction mechanism
(ECM) as popularized by Engle and Granger (1987¢dsstructed from the pooled
regressions. The coefficient gf; has the correct sign and is statistically sigaific This
reinforces our conclusion of cointegration among trariables. Its small magnitude
signifies a moderate speed of adjustment towamig-tan equilibrium following a shock.
In the FE models, groupwise heteroskedasticity &mst-order autocorrelation are
detected as pointed out by Greene’s (1993) and Widgkls (2002) methodologies
respectively. The high significance of the laggadagenous variable of the Arellano and
Bond (1991) two-step generalized methods-of-momé€ateglM) estimators confirm a
dependency amongst disturbances. Prais and Wins¢&a,( PW) recommend a panel-
corrected standard error to correct for both cateel and heteroskedastic residuals in
case disturbances are rnidt The parameters are computed by OLS. These ansag¢sdt

on the assumption that there is first-order aut@tation and the coefficient of the AR(1)
process is specific to each panel.

As tabulated below, as per the PW models, incorastielty for total and public health
care is found to be above unity while that of pr@vhealth care is below unity. In other
words, public HCE is found to be a luxury item whiprivate HCE a necessity.
Investigation using FMOLS produces similar findifigaced with tight budget, African
states are not able to give full priority to thealile sector in spite of threat of widespread
pandemics. In contrast, private HCE is found t@tmecessity Only the rich minority of
Africans' can afford high-quality private health care tisatostly. Technological change,
proxied byt, has a significant positive impact on public HCHt ka statistically
insignificant impact on private HCE.

We also model health care elasticity in relationbtsiness cycles at the international
level. Business cycles are measured as the nadgeithm of the cyclical component of

2 Appendix 1 presents the first-order panel ECM'8wvdgion.

3 The Spearman correlation between private and pirgbme elasticity is -0.7212 [0.0000]*.

4 The Gini index over the period 1991-2000 is aw@éafor 20 out of the 28 countries in our sample an
averages to 47.32. This reveals the prevalencigioifisant income inequality.
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GDP for individual countries, obtained via the HolfPrescott (HP) filtet A health
care elasticity series is constructed by runnirgg&isectional regressions over the period
1991-2000. The income elasticity is statisticaliyngficant in all cases at 1% level. These
are shown in Figure 2. The particular nature of dataset set leads us to consider the
population-averaged generalized estimating equat{@EE) approach (see Liang and
Zeger, 1986). The GEE methodology enables modetifrgpmplex correlation structures
and accommodates individual-level or cluster-levatiables which are fine-tuned for
within-individual or within-cluster correlation. Bhnumber of repeated observations is
allowed to vary among individual countries withaffecting the interpretation of the
coefficients.

A positive relationship between public YEHCE and dyclical component is found. This
denotes a pro-cyclical pattern of public HCE. Lawdls of public YEHCE are associated
with recession periods while high levels of pubiEHCE are associated with booms.
Such behavior is consistent with public HCE beinfyeury. Conversely, the negative
coefficient for private HCE indicates a counterd@yal process. Low levels of private
YEHCE are associated with expansion periods, whidg levels of private YEHCE are
associated with depressions. Such behavior is stems$i with private HCE being a
necessity. With regard to the effect of the tremnponent of GDP on YEHCE, a
possible interpretation is that rising income owime would stimulate African
governments to provide the public health sectorhwihore resources, inducing
individuals to shift from private to public healdare. As a result, public health care in
Africa would in the long-run become a necessity pridate health care a luxury, same as
what developed countries are currently experiencing

4, Conclusion

In this paper, we have used panel data technigoesxamine stationarity and
cointegration with reference to HCE and GDP forAfBcan countries over the decade
1991 — 2000. HCE and GDP per capita are found t¢1heand cointegrated. Public HCE
is found to be a luxury while private HCE a nedgsdPublic YEHCE is pro-cyclical
while private YEHCE is counter-cyclical.

Shortage of finance means that African governmarasnot able to adequately meet the
demand for resources by the public health seatahd short to medium term, foreign aid
will therefore continue to play a critical roletime promotion of the African public health
system. Our findings also suggest that in the kengn, with rising income, public health
in Africa would become more affordable and turnoirg necessity, just like in the
developed world. Of course, governance is criticahe success of the entire process.
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Annex

Table 1: Average Statistics for the Peri881-2000 in US$

Country Per CapitfPer CapitiReal Per CapitReal Per Capita Real
Real GD} Public HCE Private HCI Total HCE
Benin 5.934011f 5.592024 11.52603 375.8122
Botswana 91.16643( 69.05338 160.2198 3370.478
Burkina Faso 4.677862| 4.384059 9.061921 225.7351
Burundi 2.315841| 3.240582 5.556423 166.8521
Cameron 5.71274| 16.36769 22.08043 642.4698
Cape Verde 27.69303| 8.382833 36.07586 1297.682
Cote d'lvoire 9.560918 13.40645 22.96736 742.4943
Equatorial Guineg 3.674122| 1.76097 5.435091 159.8556
Ethiopia 1.496984| 2.590318 4.087302 103.4019
Gabon 93.94402( 47.59852 141.5425 4567.368
Gambia 9.628041| 4.819202 14.44724 355.3446
Ghana 6.71961 8.76288 15.48249 380.3066
Guinea 10.96231| 8.395877 19.35818 565.3259
Kenya 7.676639| 20.16719 27.84383 339.1633
Mali 4.60264 | 4.999772 9.602412 265.8617
Mauritania 10.24964| 10.08923 20.33887 470.0545
Mauritius 71.52486| 55.05919 126.584 3520.698
Mozambique 4.528641| 2.194622 6.723263 158.3123
Namibia 85.00067| 68.37229 153.373 2185.277
Niger 3.603307| 4.177328 7.780634 210.5678
Nigeria 1.400823| 5.122601 6.523425 256.3651
Rwanda 6.053032| 6.128986 12.18202 248.6077
Senegal 14.25358| 11.64188 25.89546 559.1602
Sudan 2.297068| 6.752585 9.049653 269.0007
Tanzania 4.188564| 4.289189 8.477753 182.2494
Togo 4.443514| 4.859134 9.302648 336.5925
Zambia 10.34805| 9.950671 20.29872 413.2739
Zimbabwe 24.07407| 23.34036 47.41443 642.2013
Total 18.84754 15.41071 34.25824 821.804

Source: Computed. Note: GDP deflatarsisd to compute the real values.

Table 2(a): IPS Panel Unit R@est statistics

Determi- Level Form First Difference
nistics t-bar i t-bar b4
Constant | -1.596 | -1.229[0.109] -3.218.410 [0.000]*

Variables Data

LGDPPC Raw C+ Trend | -4.588 -11.093 [0.000]*| -2.926-4.200 [0.000]
Demeaned Constant | -1.682 | 1.610 [0.054]-2.214 -3.974 [0.000]’

C + Trend| -3.039 | -4.669 [0.000]* | -9.31630.682 [0.000]

Raw C -1.809 [2.173 [0.015]** | -2.275-4.244 [0.000]}

L TOTHPC C + Trend| -2.365 1.873 [0.031]* | 412.88|-45.522 [0.000]
Demeaned_Constant | -1.333 | -0.062 [0.475] -3.98BL.852 [0.000]

C + Trend| -4.098 | -9.061 [0.000]* | -8.39926.903 [0.000]
LPUBHPC | Constant | -1.407 | -0.390[0.358]  -2.46%.094 [0.000]
C + Trend| -2.663 | -3.108 [0.001]* | -5.02912.923 [0.000]
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Demeaned Constant | -1562 [ -1.212[0.113] -2.025.134 [0.001]}
C + Trend| -2.070 | -0.648[0.259] | -8.7528.370 [0.000]

Raw Constant | -3.362 | -9.071 [0.000]f -2.368.656 [0.000]

LPRIHPC C + Trend| -2.507 | -2.459 [0.007]* | £2.05|-42.055 [0.000]
Demeaned_Constant | -2.017 | -3.099 [0.001]{ -2.258.170 [0.000]"

C+ Trend| -2.199 | -1.183[0.118] | -5.738.5.864 [0.000]

Source: Computed. Note: The lag order is set tv@ngl is small. There is no general rule on how to ckoos
the maximum lag to start with. The cube root of tlueber of observations is used (Al Mamun and Nath,
2005).0 310 = 2.154. Critical values for thiebar statistics without trend at 1%, 5% and 10%ifitcance
levels are -1.850, -1.750 and -1.700 while witHuson of a time trend, the critical values aré&3®, -2.420
and -2.360 respectively. Assuming no cross-counbtwrelation andT is the same for all country, the
normalized ¥, test statistic is computed by using thbar statistics. The?; tests for H of joint non-
stationarity and is compared to the 1%, 5% and &@ftificance levels with critical values of -2.33Q,645

and -1.282 correspondingly. p-values are in squmezkets. To control for cross-section dependence,
demeaned data are calculated by subtracting cexsi®is means from the original observations. *, ***
denote 1%, 5% and 10% significance level respdgtive

Table 2(b):Hadri Panel Unit Root Test Statistics

Variables Level Form First Difference
Homoskedastic Heteroskedastic Homoskedastic Heteroskedastic
Disturbances Disturbances Disturbances Disturbances
Z, Z Z, Z Z, Z Z, Z
LGDPPC 23.022 10.340 15.842 8.412 1.489 0.807 3.910 2.805
[0.0000]* | [0.0000]* | [0.0000]* [ [0.0000]* | [0.0683]*** | [0.2098] | [0.0000]* | [0.0025]*
LTOTHPC 19.643 5.926 14.501 3.648 -0.564 0.817 -0.721 0.263
[0.0000]* | [0.0000]* | [0.0000]* | [0.0001]* [0.7137] [0.2070] | [0.7646] | [0.3962]
LPUBHPC 21.172 4,730 15.709 2.564 -2.050 -0.761 -1.436 -0.494
[0.0000]* | [0.0000]* | [0.0000] | [0.0052]* [0.9798] [0.7768] | [0.9245] | [0.6893]
*
LPRIHPC 18.380 6.475 15.558 4,565 -0.837 0.606 -0.597 0.163
[0.0000]* | [0.0000]* | [0.0000]* | [0.0000]* [0.7987] [0.2723] | [0.7246] | [0.4352]

Source: Computed. Note:@hd Z denote the statistics without and with a deterstinitrend respectively.

Table 3(a): Nyblom-Harvey Panel Cointegration T&tsttistics

Statistics LGDPPC LTOTHPC LPUBHPC LPRIHPC
NH-t 4.,9500 4,9500 4,9500 4.9500
Fixed NH adj+ 21.6333* 21.6333* 21.6333* 21.6333*
Effects CV 10% 4.17<CV<6.03 | 4.17<CV<6.03 | 4.17<CV<6.03 4.17<CV<6.03
CV 5% 4.49<CV<6.41 | 4.49<CV<6.41 | 4.49<CV<6.41 4.49<CV<6.41
CV 1% 5.11<CV<7.18 | 5.11<CV<7.18 | 5.11<CV<7.18 5.11<CV<7.18
NH-t 4.4000* 4.4000* 4.4000* 4.4000*
Fixed Effects NH adj+ 20.5333* 20.5333* 20.5333* 20.5333*
and Time CV 10% 1.57<CV<2.30 | 1.57<CV<2.30 | 1.57<CV<2.30 1.57<CV<2.30
Trends CV 5% 1.66<CV<2.39 | 1.66<CV<2.39 | 1.66<CV<2.39 1.66<CV<2.39
CV 1% 1.84<CV<2.59 | 1.84<CV<2.59 | 1.84<CV<2.59 1.84<CV<2.59

Source: Computed. Note: The Hf the test is no cointegration {Hank(var-cov)=K=0) against
the alternative hypothesis of cointegration:(Fank(var-cov)=K0). H,: 0 common trends among
the 28 series in the panel. NHthe test is performed under the hypothesisdoérrors. NHadj-t:
errors are allowed to be serially correlated amdtést is performed using an estimate of the long-
run variance derived from the spectral density ixat frequency zero. The critical values (CV)

pertain toN equals to 20 and 30 respectively. CV: Criticalués
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Table 3(b): Pedroni Panel Cointegration Test Stesis

Statistics LTOTHPQ LPUBHPC| LPRIHPC
Panelv-statistic 0.31148 0.45560 0.00631
Panelp-statistic -0.81499 -0.83204 0.03614

Panel pp-statistic -4.35458F -4.64768*-1.92448**
Panel adf-statistic -2.67447 -4.16377* -0.82674
Groupp-statistic 1.49533 1.33787| 2.12414
Group pp-statistic| -4.392721 -5.70806*-1.49065***
Group adf-statistiq  -4.86691F -5.70953* -3.56403*
Panelv-statistic -1.02338 -0.39013 -1.00569
Panelp-statistic 1.21071 1.09803] 1.62255
Panel pp-statistic -5.94407F  -7.15190* -4.39083*
With Trend Panel adf-statistic| -6.14661F -6.88955%* -3.95750*
Groupp-statistic 3.30592 3.09649| 3.54326
Group pp-statistic| -6.399571f -8.03217* -5.20001*
Group adf-statistiq -8.55853* | -9.47899*| -6.60266*

Source: Computed. Note: Thganel statistics are the within-dimension statistics leigroup statistics are
between-dimension ones. Pangpanelp, and panel-pp represent the non-parametric vagiaaigo, Phillips-
Perronp, and student's-statistics respectively while panel-adf is a patrio statistic based on ADF statistic.
Groupyp, group-pp and group-adf represent Phillips-Peyratatistic, Phillips-Perron t-statistic and the ADF
statistic correspondingly. The number of lag trdiocais equalled to 2. These are one-sided standanchal
test with critical values of 1%, 5% and 10% given-B.330, -1.645 and -1.282. A special case ispteelv-
statistic which diverges to positive infinity undése alternative hypothesis. As such, rejectiothefH, of no
cointegration requires values larger than 2.33643.and 1.282 at 1%, 5% and 10% significance |eleg
critical values for the mean and variance of eaatissic are obtained from Pedroni (1999).

Without Trend

Table 4(a): Income Elasticity of Total HCE

Variable: Pooled Fixed- Between- | Arellano- Prais- ECM
' Effects Effects Bond Winsten
Without Trend
LGDPPG; 1.015279 | 0.9290566| 1.016939 - 1.006502 -
(0.0202)* | (0.0794)* | (0.0572)* (0.0370)*
ALPRIHPG., - - - 0.2301865 - -
(0.0334)*
ALGDPPG - - - 0.6311235 - 0.9563148
(0.0129)* (0.1180)*
€it.1 - - - - - -0.077472
(0.0237)*
Time tren - - - - - -
Constar -3.323613 | -2.791787 | -3.333851 | 0.0121146| -3.274781 -
(0.1262)* | (0.4904)* | (0.3571)* | (0.0033)* | (0.2182)*
Sargan Te - - - 0.8632 - -
Correlation - - - 0.0086 - -
Correlatior 2™ - - - 0.0429 - -
R? 0.9007 0.3524 0.9240 - 0.9585 0.2259
Observatior 280 280 280 224 280 252
Countrie: 28 28 28 28 28 28
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Perio | 1991-2004 1991-2000] 1991-2004 1993-2040 1991-20001992-2000
With Trend
LGDPPC; 1.012663 | 0.7571401 - - 1.005019 -
(0.0200)* | (0.0799)* - (0.0409)*
ALPRIHPG,; - - - 0.2301865 - -
(0.0334)*
ALGDPPG; - - - 0.6311235 - 0.9483912
(0.0129)* (0.1181)*
€1 - - - - - -0.0744057
(0.0240)*
Time trenc 0.0176535| 0.021912 - 0.0121146| 0.0189756 -
(0.0067)** | (0.0036)* - (0.0033)* | (0.0037)*
Constan -3.404572 | -1.851914 - - -3.363147 -
(0.1286)* | (0.4863)* - - (0.2218)*
Sargan Te: - - - 0.8632 - -
Correlation T - - - 0.0086* - -
Correlatior 2™ - - - 0.0429** - -
R 0.9031 0.4327 - - 0.9535 0.2320
Observations 280 280 - 224 280 252
Countrie: 28 28 - 28 28 28
Period 1991-2000| 1991-2000 - 1993-200q 1991-2000| 1992-2000

Source: Computed. Note: The standard errors arengiiv parentheses.”Rs the within-R for
fixed effects (FE) and betweenfRor between-effects (BE). The GMM consistency dejseon
the Sargan test of overidentifying restrictions,jchhtests the overall validity of the instruments.
The absence of second order correlation in ther éeron is a pre-requisite. gHshould not be
rejected. Their p-values are reported below. finst second order correlatiori'éind 2.

Table 4(b): Income Elasticity of Public HCE

Variable: Poole Fixed- Between- Arellano- Prais- ECM
) Effects Effects Bond Winsten
Without Trend
LGDPPG; 1.143029| 0.9290566| 1.137065 - 1.207685 -
(0.0293)* | (0.0794)* (0.0836)* (0.0491)*
ALPUBHPG;.; - - - 0.3089 - -
(0.0219)*
ALGDPPG - - - 0.7824476 - 1.355536
(0.0387)* (0.1680)*
€it1 - - - - - -0.063012
(0.0233)*
Time tren - - - - - -
Constar -4.889389| -2.791787| -4.852601 | 0.0210246| -5.298093 -
(0.1829)* | (0.4904)* (0.5219)* (0.0019)* (0.2981)*
Sargan Te - - - 0.8718 - -
Correlation * - - - 0.0522%*+ - -
Correlation 2 - - - 0.1205 - -
R? 0.8449 0.3524 0.8767 - 0.8980 0.2168
Observatior 280 280 280 224 280 252
Countrie: 28 28 28 28 28 28
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Perio [1991-200q 1991-2000] 1991-2000] 1993-2040  1991-20001992-2000
With Trend
LGDPPG; 1.137745| 0.7571401 - - 1.193983 -
(0.0286)* | (0.0799)* - - (0.0401)* -
ALPUBHPG, - - - 0.3089 - -
- - - (0.0219)* - -
ALGDPPG; - - - 0.7824476 - 1.342193
- - - (0.0387)* - (0.1681)*
&it-1 - - - - - -
- - - - - 0.0591475
Time trent 0.0356559 0.021912 - 0.0210246| 0.0424175 | (0.0239)**
(0.0096)* | (0.0036)* - (0.0019)* | (0.0104)*
Constan -5.052907( -1.851914 - - -5.446804 -
(0.1842)* | (0.4863)* - - (0.2628)*
Sargan Te! - - - 0.8718 - -
Correlation ' - - - 0.0522%** - -
Correlatior 2" - - - 0.1205 - -
R 0.8517 0.4327 - - 0.9496 0.2246
Observation 280 280 - 224 280 252
Countriet 28 28 - 28 28 28
Period 1991-2000 1991-2000 - 1993-2000| 1991-2000 | 1992-2000
Source: Computed
Table 4(b): Income Elasticity of Private HCE
Variable: Poole Fixed- Between- | Arellano- Prais- ECM
' Effects Effects Bond Winsten
Without Trend
LGDPP(; 0.9040957 0.6610747 | 0.908774 - 0.8875344 -
(0.0311)*| (0.1435)* | (0.0820)* (0.0255)
ALPUBHPG; - - - 0.2830059 - -
(0.0187)*
ALGDPPG - - - 0.4928754 - 0.6376801
(0.0307)* (0.2026)*
Eit1 - - - - - -0.0937816
(0.0263)*
Time tren - - - - - -
Constar -3.369322 -1.870357 | -3.398178| 0.0001477| -3.284948 -
(0.19471)4 (0.8858)** | (0.5118)* | (0.0009) | (0.1654)*
Sargan Te - - - 0.8907 - -
Correlation > - - - 0.0073* - -
Correlation " - - - 0.1193 - -
R? 0.7514 0.0779 0.8253 - 0.8643 0.0834
Observations 280 280 280 224 280 280
Countrie: 28 28 28 28 28 28
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Perio | 1991-2000 1991-2000 | 1991-2000 1993-2000 1991-230A992-2000
With Trend
LGDPPG; 0.9037482| 0.6034059 - - 0.8880379 -
(0.0312)* | (0.1539)* (0.0252)*
ALPUBHPG, - - - 0.2830059 - -
(0.0187)*
ALGDPPG; - - - 0.4928754 - 0.6365529
(0.0307)* (0.2026)*
&it-1 - - - - - -0.0935339
(0.0263)*
Time trent 0.0023448| 0.0073503 - 0.0001477( 0.0003021 -
(0.0104) (0.0070) (0.0009) | (0.0067)
Constan -3.380076| -1.55508 - - -3.286954 -
(0.2008)* | (0.9366)*** (0.1648)*
Sargan Tes - - - 0.8907 - -
1% Order - - - 0.0073* - -
Correlation - - - 0.1193 - -
2" Order 0.7514 0.0818 - - 0.8657 0.0832
Correlatior 280 280 - 224 280 252
R? 28 28 - 28 28 28
Observation |1991-2000] 1991-2000 - 1993-2000( 1991-2000| 1992-2000
Countrie!
Period
Source: Computed
Table 5: Diagnostic Tests
Tests Health Equations
LTOTHPC LPUBHPC LPRIHPC
Without | Green Groupwise vA(279) = 473.41| v*(279) = 445.82]  4*(279) =
Trend Heteroskedasticity Test (FH) [0.000]* [0.0007]* 492.35 [0.000]*
Wooldridge First-Order F(1,27) = 93.421 F(1,27) =31.754 F(1,27) =
Autocorrelation Test [0.000]* [0.000]* 301.909
[0.000]*
With Green Groupwise ¥ (279) = ¥ (279) = ¥ (279) =
Trend Heteroskedasticity Test (FE) 441.09 [0.000]* | 386.72 [0.000]* | 489.56 [0.000]*
Wooldridge First-Order F(1,27) = F(1,27) = F(1,27) =
Autocorrelation Test 109.884 26.416 [0.000]* | 311.923
[0.000]* [0.000]*
Source: Computed. Note: As derived by Greene's muige heteroskedasticity test,q:H

homoskedasticity, while for under Wooldridge’s té4f no first-order autocorrelation.

Table 6: Panel FMOLS estimates

Method LTOTHPC LPUBHPC LPRIHPC
[3 t-statistic [3 t-statistic ,5' t-statistic
FMOLS| 0.72( 16.90* | 1.20| 8.73* 0.86| 6.57*

Source: Computed. Note: Note: The selection of hadith for kernels is
automatically computed. Given evidence of correlatesiduals across
countries, these models include common time dummies
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Variables Health Equations (Semi-Robust Estimates)
LTOTHPC LPUBHPC LPRIHPC
Cyclical component of natural logarithm of | -0.000091 0.0044905 -0.0012363
GDP (0.0008701) | (0.0009984)* | (0.0005026)**
Long-run component of natural logarithm of| -0.0001063 -0.0000425 0.0000323
GDP (0.0000379)*| (0.0000255)*** [ (0.0000161)**
Constant 1.017015 1.159848 0.8899491
(0.000819)* | (0.000551)* | (0.0003476)*
Overall observations 280 280 280
Number of groups 28 28 28
Observations per group 10 10 10

Source: Computed. Note: Since the time span igratmall, an unstructured intra-individual or irttaster
correlation matrixR which imposes no restriction on the pairwise datiens is applied.

Appendix 1: Derivation of the First-Order Panel ECM model
Consider the equation below:
LTOTHPG = fo + f1LGDPPG; + fst + & (2)

To derive the long run equilibrium dynamics we retavequation (2) as follows, while
assuming. TOTHPG, andLGDPPG; are integrated of the order one, whilds white-
noise:

LTOTHPG = fo + f1LGDPPG,; + fot + f3LGDPPG.; + BILTOTHPG.; + &

Subtractin- TOTHPG.; on both sides:

LTOTHPG — LTOTHPG.= By + PiLGDPPG + B3LGDPPG. 1+ BLTOTHPG., -
LTOTHPG.; + fat + &

ALTOTHPG = fo + f1LGDPPG, + S3LGDPPG.1+ (B4 - LLTOTHPG.; + fot + &

Reparametrizing the above equation:

ALTOTHPG; = + pILGDPPG; - 5;LGDPPG;.; + f1LGDPPG.1+ fsLGDPPG.; + (B4 -
1LTOTHPG.1 + ot + &

ALTOTHPG = fp + /1ALGDPPG; + (61 + f3)LGDPPG..; + (B4 - ILTOTHPG,, + St +
Eit

ALTOTHPG = S/1ALGDPPG; + (61 + f3)LGDPPG.1 + fo + (B4 - ILTOTHPG,.; + fot +

Eit

b A5 LGDPPG, - a }
‘1

ALTOTHPG, = 3;ALGDPPG, - (1 -B4)| LTOTHPG, -
G =/ G- ( ﬁ4){ Gt 15 1B, L5,

+ &t

ALTOTHPG, = $1ALGDPPG; — 2[LTOTHPG, - A, -4, LGDPPG, -A, I + &t

U ALTOTHPG, = $1ALGDPPG, - Zeit,1 + &,

The disequilibrium errogg,.;, =LTOTHPG, - A, -4, LGDPPG, -4, 1 and is assumed to be
1(0). A measures the speed of adjustment towards the longquilibrium.
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