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                                  ABSTRACT

The relative role of economic growth vis-a-vis  public  action  in

raising living standards in developing countries has been a point of

contention for quite some time now. The arguments on both sides are

usually based on  some estimated relationship between indicators  of

living  standard  and  other variables. A critical  review  of  the  existing

studies  throws  up  some methodological issues among which

misspecification of  the  model  is  most crucial. An alternative approach,

viz. the nonparametric regression method, has been shown to be superior

in taking care of this problem. Analysing the data for 88 developing

countries  we  note  that  per  capita  income  has positive significant

effect on the life-expectancy at  birth.  However,  we have  not  observed

any   relationship   between   the   improvement   in life-expectancy and

change in income as well as the level of income, unlike some earlier

studies.  This  study  has  the implication that  well-targeted public policies

may be successful in improving the standard  of  living  in poor economies

in the short-term. But for sustainability in the  long-term, growth-based

strategies are necessary.

JEL Classification : C14, I31

Key words: standard of living, model specification, nonparametric

regression, public action vs. public expenditure.
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Intoduction

   In the earlier phase of development policies, till  the  seventies,

the thrust was on raising income as reflected by GDP  or  GNP.  But

since  the  seventies the emphasis has shifted towards improving the

standard of living where the term “the standard  of  living”  means  some

direct  measure  of well-being of people. This  shift  in  emphasis  can  be

considered  as  a consequence of dissatisfaction with the income-based

measures.  Theoretical foundation of the term “standard of living” was

laid by Sen (1987a,  1987b, 1988, 1993) through his writings on

“capability approach”.  Following  Sen, “the standard of living” is a

matter of how people  are  doing  and  being  i.e. the levels of functionings

achieved by people and  their  capabilities to function. “Standard of

living”  is not a matter  directly  of  opulence, commodities or utilities.

However, the normative concern of  this  approach can be traced back to

the pioneering work of Adam Smith (1776) in which  he considered

such  functionings  as  “not  being  ashamed   to   appear   in

public”(Sen,1993). Prior to Sen, the proponents of “basic needs

approach”1  also emphasised the achievements in various social indicators

that go  well beyond the growth of GNP only. But the “basic needs

approach”,  unlike  the “capability approach”,  was  based  on  commodity

possession  rather  than functionings achievements.

 1. The literature in this respect is quite extensive. To  name  a  few  are Streeten
et.al.(1981),  Adelman  and  Morriss(1973),  and   Streeten   and Burki(1978).
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   In the  process  of  shift  in  emphasis  from  “economic  growth”

to “improvement in standard of living”  one  of  the  important  questions

of development policy was  - does the standard of living of a  country

depend on economic  growth ?  Some  of  the  major  studies  viz.

Isenman(1980), Sen(1981), Anand and Kanbur(1991) and Anand  and

Ravallion(1993)  conclude that it is not economic growth but public

services which plays a crucial role in improving the standard of living of

a country. They cite the examples of Sri Lanka and China , the two

exceptional countries, which have  been  able to improve their standards

of living even with a  very  low  level  of  per capita income. They

observed that direct  public  provisioning  of  food, education and health

was historically prevalent both in Sri Lanka and China which resulted in

a standard of living in  those  countries  comparable  to that in any

developed  country.  Analysing  cross-country  data  from  the developing

countries , a recent study by Anand and Ravallion  (1993),  also came to

a similar conclusion.  Some  other  studies,  on  the  other  hand, observed

a significant positive relationship between per capita income  and the

standard of living. These studies include Preston(1975), Rodgers(1979),

Bhalla  and  Glewwe(1986),  Bhalla(1988),  Kakwani(1993),   Pritchett

and Summers(1996) among others. All these studies are  based  on  cross-

country data, with the exception of Bhalla and Glewwe(1986) and

Bhalla(1988).These two studies were concerned with Sri Lanka only.

The  argument  that  emerges from these studies is that with an increase

in income individual’s  command over goods and services increases which

directly or indirectly improve  the standard of living.

It is interesting  to  note  that  the  conclusions  drawn  from  these

studies,  whatever  they  are,  have  been  based  on  certain  statistical

analyses. As the  observed  relationship  between  per  capita  income

and various indicators of the standard of living  appeared  to  be  non-

linear, estimation and testing of some non-linear functional forms was
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the basis of analysis in majority of these studies. The functional forms

used  in  these studies include logistic, log-linear, semi-log and inverse

functions.  The common characteristic of all these non-linear functional

forms, except the inverse form, is that after some  transformation  of  the

variables,  they become linear and hence can be estimated  using OLS

method. But  there  was no reason to suppose that the relationship had to

be of such  a  non-linear form that  would  become  linear  after

transformation.  To  defend  their specifications,  moreover,  these  studies

considered  only  high  R2   and t-values, without going into any

specification  testing  method.  Thus,  in none of these studies was the

choice  of  the  functional  form  determined through  a consistent

methodological approach. It  seems  that  the  common objective of all

these studies  was  to  get  a  ‘good’  estimate  of  some particular

parameter, which is  often  referred  to  as  “data-mining”.  In policy

research of this kind, however, the objective should be to find  out a

model that adequately approximate  the  “true”  model.  Since  inferences

drawn from a misspecified model can have  serious  consequences  on

policy choices, knowledge of the “true” data-generating process is crucial

in this situation. Another drawback of all these  studies  was  that  they

assumed constant parameters for each country which was unrealistic.

Under such a circumstances, where the relationship between the

variables are non-linear , the question of specification of the model can

be  looked into properly by following an alternative methodological

approach  viz. the nonparametric approach. In the parametric approach,

the functional form  of the regression model is specified through the

prior  assumption  regarding the distribution of the variables under

consideration. In the nonparametric approach, on the other hand, the

density functions  are  estimated  on  the basis of actual observations.

Thus, the functional form of  the  regression model is not prespecified in

this approach.
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The objective of this study is to reexamine the relationship between

the standard of living and per capita income using the nonparametric

regression method. We shall also consider the role of public services in

this respect. In this context one important aspect is the measurement of

the   “standard of living” within Sen’s  “capability  approach”.  This

issue  involves  a number of problems viz. - (a) identification of relevant

functionings  that would   be   considered   as   constituting   the   standard

of   living, (b)   measurement   of   certain   functionings    such    as

morbidity, undernourishment, freedom, achieving self-respect, being

happy in one’s job and others for which there do not exist unambiguous

and comparable measure, (c)  aggregation  of  the  functionings  and   the

corresponding   weight specifications to get a composite index of

capability. As these problems are yet to be resolved, in applied

development economics research the  practice has been to measure the

standard of living of the people of  a  country  by direct measures such as

life expectancy  at  birth,  the  infant  mortality rate, the adult literacy

rate, the mean years of schooling etc. In fact, in support of this  practice

we  may  even  quote  Sen  (1985,pp.37-38)  “the capability approach,

broadly defined, is not concerned only  with  checking what set of bundles

of functionings one could choose from , but also seeing functionings

themselves in a suitably rich way as reflecting  the  relevant aspect of

freedom”. The present study remains concerned  with  one  of  the most

important dimensions of the standard of living viz. life-expectancy at

birth. Per capita income is represented by real GDP per capita in terms

of purchasing power parity dollars [Summers  and  Heston  (1984)]  and

public services are represented by public expenditures on health.  This

study  is based on data from 88 developing countries at two time points

viz.  1970  and 1989.  The  data  used  in  this  analysis  are  collected

from   various publications  of UNDP, World Bank and Summers and

Heston (1984).
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The  plan  of  the  paper  is  as  follows.  Section  II  reviews   the

methodological approaches followed by  some of the empirical studies

on the standard of living. Section III introduces the non-parametric

methodology. Section IV discusses the findings and analysis. We conclude

in section V.

II. A Review of  Earlier  Approaches :

Isenman (1980) estimated the following log-linear  relationship

between life-expectancy and per capita income for the data on 59

countries in 1975:

                ln Z = 3.197 + 0.132 ln Y.

It appears from this study that the specification of  the  functional

form was guided by high R-2  value and  significant  t-value  since  there

is  no theoretical reason as to why the relationship should take  this

particular form. By assuming constant elasticity of life-expectancy  with

respect  to income, this specification ignores the fact that life-expectancy

itself has an upper limit. Following this model, Sen (1981) observes that

Sri  Lanka’s per capita income is expected to be $2684 in 1975 as opposed

to its  actual income of $130 only. This sharp difference between the

expected and  actual income in Sri Lanka corresponding to its achieved

level of  life-expectancy instigated detailed investigation. While analysing

Sri  Lanka’s  experience both Isenman (1980) and Sen (1981) argue that

redistributive  policies  of the government made it possible for Sri Lanka

to outperform many  developed countries with respect to life-expectancy

at  birth  and  infant  mortality rate even with a very low level of per

capita income. This is challenged by Bhalla and Glewwe (1986) and

Bhalla (1988) They point out that the  results of Sen and Isenman  are

flawed  because  the  initial  conditions  of  the countries compared were

not taken  into  account.  Initial  conditions  are important because Sri
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Lanka achieved  an  exceptionally  high  standard  of living even before

the early 1940’s , the period when  public  expenditures on health,

education, food subsidy and other welfare  measures  started  to increase

considerably in  the  country.  After  incorporating  the  initial conditions

Bhalla and Glewwe come to the conclusion that Sri  Lanka  should be

considered as an outlier with respect to  life-expectancy  at  birth  in

1960 and 1975. But the change in its living standard over the entire

period of 1960-78 shows that the performance is not  exceptional  given

the  fact that there was a large increase in social expenditure in Sri Lanka

in  the post 1950’s. Bhalla and Glewwe estimate two different  forms,

log-log  and logistic, to capture both (i) the influence of income on various

indicators of living standard at a point of time, and (ii)  the  relationship

between the change  in  income  and  the  change  in  those  indicators.

For  some indicators they obtain  implausible  results,  which,  according

to  them, underscores the importance of proper specification of the

functional  form even though they notice that the results with  respect  to

life-expectancy are not dependent on specific functional form.

Afterwards,  Bhalla  (1988) comes up with a more striking result. Using

a log-log form on cross-country data, he finds that Sri Lanka  is  not  an

outlier  for  any  of  the  six indicators chosen  including  the  life-

expectancy  at  birth.  It  is  the logistic form that makes Sri  Lanka’s

performance  appear  exceptional  in terms  of  life-expectancy  and

death  rate.  It  shows  how  crucial  the specification of the functional

form is while testing  hypotheses.  Kakwani (1993), notwithstanding his

finding that Sri Lanka’s achievement stands out as a positive  outlier  for

the  periods  1971-80,  1981-90  and  1971-90, maintains his  reservation

against  the  assertion  that  the  exceptional performance of Sri Lanka

could be entirely attributed to high  proportional welfare expenditures.

Another study by Anand and Kanbur  (1991),  which  is based on time-

series data from Sri Lanka for the period 1952-81, notes that growth in
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income and public health spending both played significant role in

reducing infant mortality rate  in  Sri  Lanka.  Interestingly,  Anand  and

Kanbur use log-linear functional form which had  been  rejected  earlier

by Bhalla (1988) since it produced  implausible  results.  In  an  influential

study by Anand and  Ravallion  (1993)   the  central  theme  again  is  the

relative importance of private incomes and  public  services  in  promoting

human development in poor countries  where human development is

taken to be some   aggregate   indicators   of   individual   capabilities

such    as life-expectancy  at  birth,  literacy  rate,  and  so  on.  For  each

such indicator,  they  define  the  dependent  variable  as  the   proportionate

reduction in shortfall of  the  indicator  from  an  asymptotic  limit  and

estimate  a  log-linear  relationship  between  the  transformed  dependent

variable and GNP per capita. The regression coefficient  turns  out  to  be

significant with a positive sign. The specification, however, seems  to

be arbitrary since no explanation has been provided. Subsequently in

the  same paper, Anand and Ravallion introduce two additional

explanatory  variables viz., a poverty index and public health expenditure

per  capita.  With  the introduction of these two variables  the  coefficient

of  GNP  per  capita reverses to negative sign  but  turns  out  to  be  not

significant.  This phenomenon they observe for all the indicators  except

literacy.  On  this basis they conclude that  there  are  mainly  two  channels,

reduction  of poverty and improvement in public health services, through

which  economic growth promotes human development in poor countries.

Their entire  analysis is based on the evidence that the sign of the

coefficient of GNP per capita reverses on adding two other variables to

the regression.  But  this  could well be an indication of multicollinearity,

a sure test of which  would  be to verify if a high simple correlation

between each pair of the explanatory variables exists (Kennedy, 1990).

And it  is  indeed  the  case  since  the correlation coefficient between log

of public health  spending  per  capita and log GNP per person in their



10

study is found to be 0.91  (significant  at 1%  level).  The  rule  of  thumb,

which   is   often   used   to   detect multicollinearity, is that the estimated

R2  is less than the square of  the simple correlation coefficient between

the independent variables.  However, multicollinearity is not so serious

and can be ignored if all the estimated t-statistics are greater than 2

(Kennedy, 1990). Following  this  criterion we observe that

multicollinearity is serious in  the  study  by  Anand  and Ravallion since

the estimated t-statistics for log GNP per person is  1.34. In presence of

multicollinearity estimates are unbiased  but  not  precise. Murray et.al

(1994) observe that per capita public health expenditure could be

explained by per capita  income  if  one  examined  a  large  sample  of

countries, as they did. They find that the income elasticity of per  capita

public health expenditure is 1.43.

   Some early studies  also  examined  cross-country  relationship

between life-expectancy and income per capita. Preston (1975) estimated

a  logistic function since the scatter plot of his data revealed an asymptotic

limit to the upper end2 . He found that the growth in income accounted

for only 10 to 25 percent of the growth  in  life  expectancy  during  the

study  period. Rodgers (1979) experimented with various alternative

functional  forms  for some indicators of mortality, income per capita

and  Gini  coefficient  for distribution of income for 56 countries. ‘Best’

results were obtained  from the non-logarithmic formulations such as

the inverse and inverse quadratic. One that produced high R2  value,

significant  t-values  and  a  reasonable value for the asymptote was

considered to be the best! This is akin to  the notorious practice of ‘data-

mining’. Furthermore, choice  of  a  functional form from several

alternative non-linear models should not be based on  the criterion of

2. It is interesting to note that while considering 112 countries including both the
developed and developing  countries  we  also  observed  that  the relationship
appears to be logistic both in 1970 and 1989.
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highest R2  for  two  main  reasons  :  (i)  R2   for  different non-linear

forms are not comparable and (ii) a  functional  form  having  a good fit

within the sample may produce large forecast errors when used  for

prediction outside the sample (Studenmund, 1992). Even the same

functional form fitted on different sets of data may produce absurd  results.

Kakwani (1993), for example, finds that  the  estimated α,  which

represents  the highest standard of living that can be achieved with  infinite

income,  is negative in one case. In another, the estimated  value  of  the

asymptotic limit of life-expectancy at birth turns out to be as high as

123.

In a recent study by Pritchett and Summers (1996) significant effect

of per capita income on life-expectancy  has  been  found  from  cross-

country time-series data for the period 1960-1985.  To  identify  the

pure  income effect, they use instrumental variable estimation method

instead  of  OLS. The income elasticity of infant mortality in the

developing countries turns out to be -0.2. Their study also suggests that

the relationship  is  causal and not merely incidental.  As  stated  by  the

authors  this  study  uses log-linear relationship because of the

convenience of  easy  interpretation of the estimated coefficients. The

same criticism,  therefore,  applies  to this study too as we had for Isenman

(1980).  The importance of  the  study by  Kakwani  (1993)  lies  in  its

explicit  treatment  of  some  of   the methodological problems  implicit

in  the  existing  studies.  Instead  of following a purely data-driven

approach to specification he starts  with  a set of axioms and derive

deductively an index for measuring achievement  in living standard. An

index for measuring improvement is  then  derived  as  a difference

between  ‘achievement  levels’  according  to  the  achievement function

which is convex in the indicators of the standard of  living  viz, life-

expectancy at birth,  infant  mortality  rate  and  so  on.  Convexity

follows from the view that “as the standard of living reaches progressively
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higher limits, incremental improvement would represent much  higher

levels of achievement than similar incremental improvements from a

lower base”. He deploys the achievement function to  explain  the  non-

linear  relationship between the standard of living and  per  capita  income

in  80  developing countries between 1971 and 1990.  He  observes  that

economic  welfare  as measured by logarithm of per capita GDP is an

important determinant of  the standard of  living  but  the  elasticities,  in

absolute  term,  decrease monotonically with income. So he notes that

the standard of living is  more responsive to per capita income in the

poorer countries than  that  in  the richer ones. Moreover, he observes

that  improvement  in  the  standard  of living is significantly influenced

by  the  level  as  well  as  change  in economic welfare. A few comments,

however,  are in order.  To  capture  the non-linear relationship between

the social indicators and per capita income he estimates a linear function

between the achievement  index  and  average welfare measured by the

logarithm of per capita GDP. Thus,  in  effect,  he estimates a semi-log

function between achievement and per capita income. He argues that

the use of the achievement  index  as  the  dependent  variable adequately

captures  the  non-linearity.  For  our  sample  of  countries, however, the

relationship between the achievement function and logarithm of GDP

per capita appears to  be  non-linear,  as  discussed  later.  We  also

observe a non-linear relationship between Kakwani’s improvement  index

and the level of and change in welfare,  which  is  assumed  to  be  linear

by Kakwani (1993).

III. Methodology

In  this  section  we  describe  briefly  the  nonparametric  regression

technique which we shall apply to our problem. The regression

relationship can be modeled as :

           Y = m(x) + u = E(Y|X=x) + u
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where Y is the dependent variable, m(x) is the regression  function,

u  is the disturbance term and X is  the  vector  of  regressors.  If  the

joint density    f(y,x)    exists     then   m(x)  can    be     calculated    as

m(x) = y f (y,x)

f1 (x)
 dy  where   f

1
 (x)  =  ∫ f (y,x)dy   denotes  the

marginal density  of  x.  In  parametric  approach,  m(x)  is  given  by  the

prior specification of  the  data  generating  process  i.e.  the  joint  density

function of the variables under consideration. For example,  whenever

m(x) is linear the underlying assumption is that f(y,x) is normally

distributed. However, it is a well-known fact that if there exists any

misspecification in the functional form of  the  regression  equation  we

get  inconsistent estimates of the regression coefficients and  the  test

performed  on  the basis of such estimates may not be reliable. One way

to  get  around  this problem  is  to   follow   the   nonparametric   approach,

which   is   a distribution-free method. In  this  approach,  the  density

functions  are estimated on the basis of actual observations.

Density   estimation  can  be  done  by various methods. Pagan and

Ullah (forthcoming) presents an exhaustive discussion on all such

methods.  These methods apply a smoothing technique viz.  the”local

averaging  procedure”. This technique, for a given value of X=x
i
 ,

considers a small  neighbourhood around x
i
  (denoted by h, which is

known as ‘window width’ or ‘bandwidth’ or smoothing parameter’) and

takes  the  average  of  all  the  corresponding observations on y. Then

the  resulting  curve  for  m (x) becomes  smooth. Formally,  this

procedure  can  be  defined  as   m (x) = n-1 wni∑
i=i

n

 (x)yi where [wni (x)]i=i
n

denotes the weight sequence which depends on  the  vector {Xi}i=1
n . The

particular method we adopt  in  our  analysis  is  called  the kernel

smoothing. Here the observations  closer  to  x
i
   are  given  higher

weights and the weight decreases as the observations lie far from  x
i
.
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The shape of the weight function w
ni
  (x) is represented by  a  density

function known as kernel function [k(u)] which adjusts the size of the

weights.[ k (u)] has the  properties  that it is a  continuous, bounded and

symmetric  real function which integrates to unity. Silverman (1986)

and Hardle (1990) give a detailed discussion on kernel density estimators.

Out of  this  class  of kernel estimators we choose the Nadaraya-Watson

estimator where the  weight sequence is defined as :

          wni (x) =k (xi - x
h

) / n-1  k (xi - x
h

 )∑
i=i

n

The shape of the kernel weight is determined by the kernel  function

k(u), whereas the size of the weight depends upon  the  window-width,

h.  Kernel functions may be  of  various  shapes  viz.,  parabolic,  uniform,

normal, canonical etc. But it is observed that any  kernal  is  optimal  for

large samples (Pagan and Ullah, forthcoming )3 . Therefore, for practical

problems the  choice  of  kernel  is not  a major issue provided the

sample is large enough. In our analysis, we use the normal kernel.

However, the  choice  of window-width, h, is  very  crucial.  As  h

increases,  variance  decreases because a large number of points are

used in the estimation of density. But it results in an over-smoothed

density which increases the bias. Therefore, the choice of h involves a

trade-off between bias and variance. The guiding principle is to choose

h such that the integrated mean square error of  the estimated  density   is

minimized.  It is  achieved  when   h α  n-1/ (4+q) where q is the number  of

explanatory variables4 . In our  analysis,  since

q = 1, we use h = s
x
 n-1/5   where s

x
  is the standard deviation of X.

3. For a discussion on the optimality properties of the kernel function see Hardle
(1990) and Scott ( 1992).

4. For  further  details  on  the  choice  of  h,  see  Pagan  and   Ullah (forthcoming),
Ullah (1989) and Hardle (1990).
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Similar to m(x), conditional variance of Y at a given  X,  i.e.

v(Y|X=x)  can also be estimated by nonparametric methods. The estimate

is given as :

 v (y|x) =  wni∑
i=i

n

(x) yi
2 - wni∑

i=i

n

 (x) yi

  Finally, the response coefficients, at a given value of X =x, are

obtained from the estimated slope of m (x) as:

       βj (x) = δ m (x)

δ xj

 where j = 1, 2 .......q

      --   
 m (x + h

2
 ) - m (x - h

2
)

h

where  m (x ± h
2

 ) = m (x1, x2, ........xj  ±  (h/2), ...... xq)

Asymptotic properties of  β are discussed  in  detail  by  Pagan  and

Ullah (forthcoming).

Section  IV : Findings and Analysis

  From 1970 data, it appears that life expectancy increases at a

more  or less constant rate with GDP per capita (fig.1). But  the

relationship  for the same group of countries in 1989 (fig.2) shows that

life expectancy  was increasing but at a decreasing rate. The relationship,

thus, appears to  be almost linear in 1970 whereas in 1989 it appears to
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Fig. 1. NP Regression of Life Expectancy on GDP : Developing
Countries - 1970

Fig. 2.  NP Regression of Life Expectancy on GDP : Developing
Countries - 1989
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be quadratic.  So,  the relationship changed over time5 . This finding

identifies a misspecification problem in the existing studies based  on

the  parametric  method.  It  is already discussed that the  existing  studies,

based  on  the  data  from developing  countries,  estimated different

Fig. 4. NP Regression of life Expectancy of GDP : Developed
Countries - 1989

Fig. 3. NP Regression of life Expectancy on GDP : Developed
Countries - 1970

5.  It is to be noted that the relationship changed not only over  time  but also across
different categories of countries viz. developed and developing countries. For a
group of 32  developed  countries  we  observed  that  the relationship was almost
quadratic in 1970 (fig.3) but became a logistic one in 1989 (fig.4). From  these
observations  one  should  not  rush  to  the conclusion that the  relationship
between  the  two  variables  follows  a particular evolutionary path over time.
The  fact  that  in  1970  for  the developed countries the relationship is observed
to be  quadratic  and  for the developing countries the same relationship holds in
1989 is  not  meant to support any convergence theory.
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non-linear functional forms, e.g. reciprocal, log-linear, logistic, which

seem to  be  inappropriate  in  the light of the nonparametric method.

   The response coefficient(ß) appears to be significant both in  1970

and 1989 in all the developing countries with a few exceptions only

(figs.5 and 6).  The estimated response coefficients for all  countries  for

1970  and 1989 are presented in Table 1. This table  also  identifies  the

countries with significant response coefficients(ß). We mentioned that

Fig. 6.  BETA 1989 : Developing Countries

Fig. 5. BETA 1970 : Developing Countries
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following  the parametric method, some of the earlier  studies  too

observed  significant positive effect of income on life-expectancy. But

the important  fact  that emerges from our findings is that the response

coefficient  changes  across countries (figs. 5 and 6). This finding is a

significant  development  over the existing studies because they estimated

fixed parameter models  on  the assumption of a  constant response

coefficient (ß) for all  the  countries. The existing studies observed ß’s to

be either significant or insignificant over the whole  range  of  per  capita

income.  But  we  find  that  these coefficients are significant for countries

belonging to a certain range  of per capita income. It appears from Table

1  that  income  has  significant effect on life-expectancy in countries

having per capita income  less  than $4500 in 1989. The similar group of

countries in 1970 are those having  per capita income below $1810

approximately, with a few exceptions. Exceptional countries include

Lesotho($320), Malawi($257), Mali($253), Rwanda($290) and

Myanmar($320) where the response coefficient  was  not  significant

though their per capita income was much less than $1810 in 1970.  This

result  is justified because wealthy nations have already  reached  a  high

level  of life-expectancy and hence any further increase in the average

income has no impact on life-expectancy which itself has an  upper  limit.

For  the  low income countries, however, variability of life-expectancy

is  considerably high whereas for the high income countries it  is  low

both  in  1970  and 1989(figs. 7 and 8). This indicates that for the low

income countries there are certain factors other than income that play a

role in improving the standard of living. This brings into focus  the  role

of  direct  public  action  in raising the standard of living of the poor

countries , as  pointed  out  by Sen(1981) and others. It is interesting to

note that with  an  increase  in real  per  capita  income   between   1970

and   1989,   variability   of life-expectancy reduced in 70 countries , out

of a total of 88 (Table 2).
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Fig. 7.  Nonparametric Variability of life Expectancy - Developing
Countries: 1970

Fig. 8. Nonparametric Variability of life Expectancy - Developing
Countries: 1989
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   It is evident from figs.7 and 8 that variance of life expectancy is

not constant   across   countries   which    signifies    the    presence    of

heteroscedasticity. But  some  of  the  earlier  studies  viz.,  Anand  and

Ravallion (1993), Rodgers (1979) and  Preston  (1975)  were  based  on

the assumption of homoscedasticity since they used  OLS  estimation

technique. Use of OLS method   in  the  presence  of  heteroscedasticity

has  serious consequences.  Under  this  situation,  estimated  regression

coefficients remain unbiased but the variance of the coefficients are

underestimated. As a result the t-statistic is overestimated. Inferences

drawn on  this  basis is , therefore, misleading. The only study which

was aware of the  presence of heteroscedasticity was Kakwani(1993)

and  to  remedy  this  problem  he estimated  heteroscedasticity  consistent

t-statistic   as   proposed   by White(1980).

The life-expectancy at birth and income both increased between

1970  and 1989 across all the  countries.  So  one  may  think  that

improvement  in longevity is influenced by the changes in income. As

Kakwani(1993)  points out an increase in per capita income makes

available  to  people  a  larger real consumption of items affecting  health

viz.  food,  housing,  medical services, education and so on. Preston

(1976), on the other hand, mentioned that an increase in income may

also have negative effect on health  through increased consumption of

goods such as alcohol, cigarettes and animal fats. Some studies further

argue that the initial level of income  is  likely  to have some influence

on the rate of change of certain social indicators. For example, Preston

(1975) observed negative significant relationship  between the change

in  life-expectancy  and  the  level  of  income.  Interestingly enough, the

same relationship was observed to be positively significant  by

Kakwani(1993).  We  too  attempt  to  examine  the   relationship   between

improvement in life-expectancy at birth and change in income as well as

the level of income in 1970. But we shall follow the  nonparametric
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regression method unlike the  earlier  studies.  Before  estimation  the

question  of measurement of improvement in life-expectancy  at  birth

comes  in  order. Generally three alternative measures are used to represent

improvement  in an indicator, having asymptotic limits, over a period

:(a) absolute change, (b) percentage change and (c)Sen’s(1980) index,

which measures  improvement as the proportion of deprivation or shortfall

(from an upper limit) made up through an increase in the absolute level

of the indicator. It is given  by Z = (x2 - x1)

(M -x1)
  where M is the upper limit

and x
1
  and x

2
  are the values of the indicators at the initial and the

terminal periods, respectively.  But  all the three methods have some

limitations.  The  first  method  gives  equal weight to countries having

equal increment in life-expectancy, irrespective of their initial levels of

life-expectancy,  which  is  unjust  because  it becomes  more  and  more

difficult   to   increase   life-expectancy as life-expectancy rises [Sen(1981)

and Dasgupta(1990)]. The second method, on the  contrary,  gives  greater

weight   to   the   countries   with   low life-expectancy. The third method,

on the other hand, is  not  additive  in the sense that improvement over a

period measured by  this  method  is  not equal to the addition of

improvements in two  subperiods  within  the  said period6.

Kakwani(1993) developed an alternative  improvement  index,  using

axiomatic approach, which takes care of all  these  problems.  Firstly,  he

developed an achievement function which is normalized to lie between

0  and 1. The achievement function is derived in such a way that it gives

greater weight to an increase in life-expectancy of  a  country  which

has  higher longevity level than a similar increment in life-expectancy

of  some  other country at a lower level of longevity.  Then  he  derived

the  improvement index as the difference between the achievement

6.  A  detailed  discussion  of  the  problems  of  each  method,   with illustration, is
given by Kakwani(1993).
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functions  at  two  different  periods.  Kakwani(1993)  derived  a  class

of achievement   functions.  Out  of these, the  achievement  function

which satisfies all of his axioms is given by

f (x, Mo, M) = ln (M - Mo) - ln (M-x)

ln (M-Mo)
 where x represents  the  social

indicator e.g. life-expectancy and M
o
  and M are the lower and upper

limits of the indicator, respectively. Improvement  index,  corresponding

to  the above function is derived as :

       Q (x1, x2, Mo, M) = ln (M- x1) - ln ( M - x2)

ln (M- Mo)

where x
1
  and x

2
  are the values of the social indicator in first and

second periods  respectively.  Following  this  methodology,   we   estimate

the achievement functions for all the countries  in  1970  and  1989  and

then compute the improvement index. We assume, like  Kakwani,  the

maximum  and minimum values of life-expectancy as 80 years and 30

years, respectively.

The estimated nonparametric regression results are presented in

Table 3. The results indicate that neither the change in income  nor  the

level  of  income have significant effect on improvement in longevity. In

none of  the 88 countries the response  coefficient appear to be  significant,

although they  are  positive  in  most  of  the  cases.  These  results,

therefore, contradict the earlier findings of Preston(1976) and

Kakwani(1993).  It  is to be noted that two  earlier  studies  by  Arriaga

and  Davies(1969)  and Stolnitz(1965) based on the analysis  of  mortality

trends  in  some  less developed countries such as Latin America, Asia,

and Africa also observed a lack of relationship between the level of

income and the rate of change  of mortality in the post-war period.  One

reason  for  obtaining  significant relationship by Kakwani(1993) as

well as Preston(1976) may be  due  to  the specification adopted. Both of
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these studies estimated a linear functional form between the variables.

However, the  nonparametric  relations  between the improvement index

and the percentage change in  income,  obtained  from both Kakwani’s

and our data, appear to be nonlinear (figs. 9 and  10)7 .  We also want to

7. Since only two-dimensional plot could be visualised we  have  considered the
relationship between the improvement index and the percentage change in income
and dropped the other variable viz. the level of income.

Fig. 9. NP Regression of improvement Index on
Change in GDP: Kakwant's Data Set

Fig. 10. NP Regression of improvement Index on
  Change in GDP: Our Data Set
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draw attention to the functional form used by Kakwani(1993) to relate

the achievement index and economic welfare of a country.  He  argues

that logarithm of GDP per capita can be considered as a measure of

economic welfare of a country in the absence of data for the distribution

of  income for each country. Thus, essentially he estimates a linear

functional  form between the achievement  index  and  log  GDP  per

capita.  Our  analysis, however, detects a misspecification in  this  respect.

We  find  that  the relationship appears to be nonlinear both in 1970 and

1989  (figs  11  and 12).

Fig. 11. Developing : 1970
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   Our findings show that the relationship between life-expectancy

and  GDP per capita was linear in 1970 and in 1989 it  became  quadratic.

Both  the variables represent aggregate measure. However, it can be

proved  that  if the  relationship  between  life-expectancy  and  personal

income  at  the individual level is linear then the relationship would  be

linear  at  the aggregate level also. It implies  that  whatever  be  the

distribution  of income, life-expectancy would remain the same for a

country  with  a  given level of income. On the other hand if the

relationship is quadratic at  the individual level then it would result to a

quadratic functional form at the aggregate level and that  would  depend

on  the  distribution  of  income. Quadratic functional form at the

individual level means life-expectancy  is an increasing function of

personal income but  increases  at  a  decreasing rate. It reflects

diminishing returns to increases in income which is very much plausible.

Under this situation since the  quadratic  relationship  at the aggregate

Fig. 12. Developing : 1989



27

level depends on the distribution of income it is possible  to increase

life-expectancy even without changing the average income but  only

reducing the inequality in the distribution of income8 . In the  absence  of

data on distribution of income in  different  countries  it  has  not  been

possible to include this  variable  in  our  analysis.  However,  from  the

observed quadratic relationship in 1989 it follows that it  is  possible  to

achieve larger gains in life-expectancy by  any  slowly-growing  low-

income country  through  well-targeted  redistributive  government

policies   as followed in Sri Lanka, China and  Kerala  (in  India).  Since

we  observed significant effect of income in majority of the countries it

implies  that public action  can  do  well  in  the  short-term  but  for

sustainability long-term economic growth is important.

   One important point in this context is how  to  measure  public

action. Very often public expenditure is used as a proxy for public action

as  for example in the study by Anand and Ravallion(1993).  They

conclude  on  the basis of data from 22 developing countries that it was

not economic  growth but public expenditures on social sectors  and

removal  of  poverty  which played the crucial role to improve the standard

of living.  We already have discussed some limitations in the methodology

8. Suppose Y represents personal income and Z represents the  corresponding  level
of life-expectancy. Let  f(y)  be  the  density  function  of  income distribution
with mean µ and variance σ2 . Consider two different cases with respect to the
relationships between personal  income  and  life-expectancy  (i) linear and (ii)
quadratic. In case (i), we have Z = α + βY. Aggregating this relation we get mean
life-expectancy for the population of the country as

                 E(Z) = E(α + βY)

or,    Z = α + βµ,  which  shows  average  life-expectancy  is  a linear function of

average per capita income . In case (ii), on  the  other hand, we have Z = α + βY

- γ Y2 . Thus, after aggregation it becomes Z = α + βµ - γ µ2 -µ σ2 . In this case,
therefore,  average  life-expectancy  depends not only on average income but also
on the variance of the distribution  of income  such  that  higher  is  the   variance
lower   is   the   average life-expectancy and vice versa.
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of this study in section  II. Apart from that we should consider how

important  is  the  role  of  public expenditure in the developing countries.

Evidence  shows  that  while  the public share was 71% of  the  total

health  expenditure  in  the  formerly socialist economies of Europe it

was only 38% in Asian countries (excluding India and China), 44% in

Sub-Saharan Africa, 20% in India and 11% in  China (Murray et.al.,1994).

A World Bank survey of household expenditures in some African

countries also corroborates this  view  (World  Bank,  1994).  They

reported that per capita household expenditure on health was  $19  in

Cote d’Ivore with a per capita GNP of $900 in 1985  whereas  central

government expenditures averaged $8.20 per  capita.  In  Ghana  per

capita  household expenditure on health was $7.30 whereas central

government expenditure  was about $4.20 and per capita GNP was $240

in  1986.  In  Nigeria,  where  per capita GNP was $400 in 1985-86 ,

average per capita household  expenditures were about $15 whereas

central government health expenditure  were  between $1-$2 per capita.

Table 4 shows a comparative picture  of  the  Sub-Saharan African

countries. It is evident that the share of private  expenditure  in total

health expenditure was comparatively much higher in  these  countries

than the developed market economies. Private health expenditure, again,

was observed to be  significantly  influenced  by  per  capita  income  in

the developing  countries,  elasticity  being  1.03  (Murray   et.   al.,1994).

Therefore, effect of income on life-expectancy may be through this

channel of private health expenditure in the developing  countries.  It  is

to  be noted that per capita health expenditure is extremely  low in most

of  the African countries(Table 4). The only exceptions in this respect

are Burkina Faso, Cameroon, Senegal and Zimbabwe.  Per  capita  health

expenditure  is extremely low in Sri Lanka and China too, $18 and $11

respectively. But the coverage of health services was remarkably  high

in  both  the  countries. During 1988-90, 93% of total population in Sri
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Lanka had access  to  health services. The similar figure in China was

83%  Sen(1981) also  pointed  out these facts about Sri Lanka in his

study. Thus  only  increased  volume  of health expenditure may not

necessarily raise longevity. Evidence from  some of the Sub-Saharan

African countries,  in  fact,  corroborates  this  view. During the 1980’s

there was  an  implementation  of  massive  international programmes to

promote child health in the countries in Sub-Saharan Africa. During 1980-

88, however, the rate of decline in  under-five  mortality  was extremely

low in most of these countries, the only exception being Senegal,

Madagascar, Kenya and Zimbabwe (Table 4). Failure of these

programmes  was argued to be due to the orientation of those  programmes

towards  curative care than preventive ones. (World Bank,1994 and

Brockerhoff ,1995 ). It  was stated that not only external assistance but

also  public  expenditure  on health in these countries was mostly meant

for  curative  care.  Countries which spent more than 60% of public

health budget on curative care  between 1981 and 1988 includes Kenya,

Malawi, Tanzania, Uganda and Nigeria .  Thus, effectiveness of public

action in the developing countries  depends on  the coverage of public

services rather than on the public expenditures, and on the nature of

orientation of the programmes.

Conclusion :

   The relative role of economic growth vis-a-vis public action in

raising living standards in developing countries has been a point of

contention for quite some time now. The arguments on both sides are

usually based on  some estimated relationship between indicators  of

living  standard  and  other variables. A critical  review  of  the  existing

studies  throws  up  some methodological issues among which

misspecification of  the  model  is  most crucial. An alternative approach,

viz. the nonparametric regression method, has been shown to be superior
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in taking care of this problem. Analysing the data for 88 developing

countries  we  note  that  per  capita  income  has positive significant

effect  on  the  life-expectancy  at  birth.  We  have estimated the response

coefficient of income on life-expectancy for each of the countries, which

could not have been possible by  earlier  studies  for their particular

methodological adherence.  We  further  observe  that  the assumption of

homoscedasticity  made  in  the  earlier  studies  cannot  be supported.

We have not observed any relationship between the improvement in life-

expectancy and the level and change  in  income  unlike  some  earlier

studies. This indicates that even the slowly growing  low-income

economies can improve their  standard  of  living  considerably,  which

is  possible through direct public action as  argued  by  Sen  (1980).

However,  direct public action should not be confused with  public

expenditures  on  social sectors, as some researchers did. Public action

should  be  interpreted  as  redistributive orientation of government policy,

which  may  be  reflected through  its  coverage  of  and  effectiveness  to

the  people.   However, well-targeted public policies may be successful

in improving  the  standard of living in poor economies in the short-

term. But  for  sustainability  in the long-term, growth-based strategies

are  necessary.  Our  cross-country findings corroborate this view.
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