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Forecasting Rate of Decline in Infant Mortality in South Asia Using
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Abstract: The Millennium Development Goal 4 (MDG 4) of United Nations had set the target of reducing high rates of
under-five and infant mortality (IMR) by two thirds to be reached by 2015 using 1990 as the benchmark year. By the
availability of time series data on IMR from United Nations Inter-agency Group for Child Mortality Estimation (UN IGME,
2012), led by UNICEF, WHO, the World Bank and United Nations, it has become possible to track the rate of progress
towards this goal. Using the UN IGME 2012 data for all the South Asian Countries, | have considered three specific
issues in this article. (1) How does the South Asian Countries fair in reducing the IMR towards this MDG target?
Although the time series data exhibit declining trends for all the countries in South Asia, to what extent such trends are
attributed by their average annual progress trajectory over the period for which data are available? (2) Whether
deterministic or stochastic trend can attribute the IMR decline in South Asian countries and what alternative time series
models be used to forecast the decline in Infant Mortality? Can we find a serviceable representative model for the entire
region? (3) In case, a satisfactory representative model for the entire region exists, how do we assess the forecast
accuracy for this model and quantify the propagation of forecast error?
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1. INFANT AND CHILD MORTALITY IN SOUTH ASIA

It is well established that, if development is to be
measured using a comprehensive and inclusive
assessment, it is necessary to appraise human as well
as economic progress. From UNICEF’s point of view,
there is a need for an agreed method of measuring the
level of child well-being and its rate of change.

The United Nations Millennium Development Goals
(MDGs) set the stage for developing countries not only
to reduce extreme poverty, but also the problems that
accompany it, such as high rates of infant, child and
maternal mortality [1-3].

Each goal has a specific target level for progress,
such as halving poverty or reducing infant mortality
rates by two thirds. All goals are to be reached by
2015, using 1990 as the benchmark year. By setting a
time frame and specific levels of reductions for a
variety of indicators, progress towards the goals is
measurable, if data on indicators is available. Tracking
progress is an essential step towards meeting the
goals, as problem areas can be identified only through
monitoring and evaluation, and interventions and
strategies can then be developed to target them.

South Asia as a whole, though, likely to halve
poverty levels by 2015, situation is not as promising in
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other areas, such as reduction of high rates of infant,
child and maternal mortality [4, 5]. World has witnessed
a substantial progress in Millennium Development Goal
4 (MDG 4) during the period with reference to the
decline in the number of under-five deaths worldwide.
Since 1990 the global under-five mortality rate has
dropped 41 percent—from 87 (85, 89) deaths per 1,000
live births in 1990 to 51 (51, 55) in 2011 [6, 7]. Eastern
Asia, Northern Africa, Latin America and the
Caribbean, South-eastern Asia and Western Asia have
reduced their under-five mortality rate by more than 50
percent. The annual rate of reduction in under-five
mortality has accelerated—from 1.8 (1.7, 2.1) percent a
year over 1990-2000 to 3.2 (2.5, 3.2) percent over
2000-2011—but remains insufficient to reach MDG 4,
particularly in Oceania, Sub-Saharan Africa, Caucasus
and Central Asia, and Southern Asia [6, 8].

The highest rates of child mortality are still in Sub-
Saharan Africa—where 1 in 9 children dies before age
five, more than 16 times the average for developed
regions (1 in 152)— and Southern Asia (1 in 16) [6, 9].
As under-five mortality rates have fallen more sharply
elsewhere, the disparity between these two regions
and the rest of the world has grown. Under-five deaths
are increasingly concentrated in Sub-Saharan Africa
and Southern Asia, while the share in the rest of the
world dropped from 31 percent in 1990 to 17 percent in
2011 [6]. Table 1 provided below show the rate of
progress towards MDG target for the countries
belonging to South Asian Region.

© 2014 Lifescience Global
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Table 1: Rate of Progress Towards MDG 2015 Target (IMR) for South Asia
Country Infant Mortality Rate Average Annual Rate of Reduction(%) Reduction | Reduction | Extrap MDG
1970 | 1990 | 2000 | 2010 1970- 1990- 2000- 1990- Since Since olated Target
1990 2000 2010 2010 1990(%0) 2000(%) Value Value
(2015) | (2015)
Afghanistan | 207.2 | 1294 | 949 | 74.5 231 3.07 24 2.74 42.4 21.5 60.8 43
Bangladesh | 150.6 | 96.5 62 38.6 2.1 4.22 4.65 4.41 60.0 37.7 16.6 32
Bhutan 191 96.3 65 43.6 3.38 3.83 3.91 3.87 54.7 329 245 32
India 127.6 81 64.2 | 48.6 2.25 2.26 2.73 2.49 40.0 243 36.2 27
Maldives 161.1 | 75.7 | 41.3 | 10.6 3.69 5.6 12.5 8.99 86.0 74.3 s 25
Nepal 158.2 | 93.5 61.8 | 40.6 2.54 4.05 4.12 4.08 56.6 34.3 20.2 31
Pakistan 136 946 | 759 | 60.4 1.76 2.14 2.26 2.2 36.2 20.4 494 32
Sri Lanka 56.6 24.2 164 | 10.8 4.1 3.79 4.09 3.94 554 34.1 = 8
South Asia | 132.1 | 84.8 65.9 | 49.7 2.18 2.44 2.78 2.6 41.4 24.6 30 28
Achieved or on target On the track Out of track

Source: UN IGME 2012 Estimates, www.childmortality.org

2. ANALYZING THE RATE OF PROGRESS IN
INFANT MORTALITY REDUCTION IN SOUTH ASIA

Let M; denote the value of the observed infant
mortality rate in the year t. Annual rate of reduction
(ARR) from year t-1 to year t is defind as

M_ -M

t—1

ARR =

t

so that Average ARR(AARR) over a period can be
obtained as just the arithmetic mean of these ARR;. For
instance, AARR over the period 1970-1990 can be
obtained as

21990 ARR

_ t=1971 t

AARRl 970-90 20

Table 1 calculates some important statistics
including AARR over various periods. UN IGME
estimates of infant mortality show that South Asia is
well short of its MDG target [1]. The countries for which
the rate of progress in reducing IMR decline far behind
the required are India, Pakistan and Afghanistan.
However, the amount of deficit (25.3%) till 2011 for the
entire region is quite close to that of India (26.7%) as
shown in the Figure 1a. Figure 1b displays the
trajectory of decadal average of annual rate of
reduction in IMR during 1970-2010. Here too, the
average line for South Asia closely matches to that of
India. Sharp decline are observed for Bangladesh and
Nepal, closely followed by relatively flat lines for Sri
Lanka and Bhutan which have started with a very much
higher rates of reduction during 1970-1980. Pakistan
remains far below the regional average throughout the

period under consideration matching Afghanistan at the
start and end of the period. Summarily, out of 8
countries in the region, Maldives has already achieved
its target. A linear extrapolation shows that at 1990-
2010 average annual rate of reduction the rate of
progress is on the track for countries such as
Bangladesh, Bhutan and Nepal. Whereas, Afghanistan
and Pakistan are completely out of the track, India’s
position is far behind its set target. Overall, the time
series of IMR in the region exhibit variant degrees of
departures from one another with respect to their rates
of decline.

3. MODELING RATE OF DECLINE IN
MORTALITY

INFANT

In this section, we consider logarithm of decline rate
of infant mortality as a time series and fit alternative
parametric time series models. Fitted models thereafter
shall be used for forecasting the values till 2015, say,
and the results will be analyzed to assess the shortfall
in achieving MDG target. The data for this purpose
have been downloaded from the site of
http://www.childmortality.org [10]. We have used data
for the South Asian countries, Afghanistan,
Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan
and Sri Lanka over the period 1960-2010.

As earlier, if M; denote the value of the observed
infant mortality rate in the year t, then,

t e Mt

is defined as the rate of decline in infant mortality from
the year t-1 to t. We took Z; as the variable to be
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Figure 1: Rate of Progress in IMR Reduction in South Asia. (a) Deficit as on 2011 for MDG target in percentage. (b) Decadal

Average of Annual Rate of Reduction in IMR.

analyzed. This guarantees the positivity of all results,
but, more importantly, it transforms changes into
relative scale, which seems reasonable given the large
variation in the level of the infant mortality rates. The
trend in the rate of decline in infant mortality since 1970
is depicted in the Figure 2 below for all the countries of
South Asia except the Maldives.

It can be seen that the trend for the entire region
South Asian Countries as a whole is much similar to
that of India over the whole period, in other words, the
trend of the entire region is being driven mostly by
India. The post 1990 episode has witnessed a much
sharper decline for countries like Bangladesh, Bhutan
and Nepal. In contrast, the data support that the pace
of decline in infant mortality rates is slowing down in
India and Sri Lanka as well. The trend line for Pakistan
lies much below the other countries with no clear
increase or decrease in the pace.

Many vital processes appear non-stationary [11,
12]. We have analysed the logarithmic rate of decline

Z;, over 1960-2010 for all the South Asian countries
(SAC). Sample autocorrelation function (ACF) and
sample partial autocorrelation function (PACF) were
used to assess stationarity status of all the series.
Persistent patterns of sample ACF for all the countries
were evident. For the sake of illustrations, we provide
the plots of autocorrelations and partial
autocorrelations for India and for the SAC as a region
in Figure 3.

The autocorrelations did not approach zero, as they
should for a linear process. Initial impressions were
further confirmed using the augmented Dickey-Fuller
test of unit root [13, 14]. The results are presented in
Table 2 which confirm that logarithmic rate of decline is
non-stationary for all the South Asian countries at all
common significance levels. We then looked for the
smallest d such that the d" difference both looked
stationary in a plot and had an ACF that did approach
zero fairly quickly. In order to remove the persistent
pattern from the sample ACF, we had to take the first
differences of the series Z. The sample first-
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Figure 2: The trend of decline in infant mortality rate of South Asian Countries, 1970-2010.
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Figure 3: Top panel: sample ACF and PACF for India. Bottom Panel: sample ACF and PACF for SAC.

autocorrelations rq of the first differences of the series
Z; varied from -0.57 to -0.04 and for second
autocorrelations rp, we got, -0.12 < r, < 0.21. It was
found that sample autocorrelations at lag = 1 were
statistically significant for all the countries, including the
SAC region, except for Bangladesh, Pakistan and
Afghanistan. All the latter values of sample
autocorrelation, at lag = 2 or more were not
significantly different from zero. The analysis indicates
that there are opportunities for ARMA modeling of the
first differences of these series, the representations
may be approximate only [15, 16].

4. ALTERNATIVE TIME SERIES MODELS OF
INFANT MORTALITY DECLINE

Various ARIMA(p,1,q) models were fitted. Based on
residual  checks, ARIMA(1,1,1), ARIMA(2,1,0),
ARIMA(1,1,2) etc. were not acceptable. A random walk
model and/or a ARIMA(1,1,0) fitted well to most of
these series. In few cases, ARIMA(0,1,2) fitted
marginally better than ARIMA(1,1,0). However, we
restricted our choice to ARIMA(1,1,0) as adding more

parameters does not help. We provide the results in
Table 3, to substantiate our findings.

Consider the estimated model for Bangladesh

Z-7Z =92

t -1

-Z ,)te, (1)

with ¢ = -0.1251, if the mean of the differences is

assumed to be zero. The estimated standard error of
the autoregressive parameter is 0.1572 and the p-value

is 0.431. This amounts to saying that ¢ is not
significantly different from zero. Thus, a random walk
model is perhaps a better choice, since putting ¢ =0 in

model (1) leads to a random walk model. Therefore, a
random walk model was fitted with innovation variance
estimated as 0.000034. Figure 4 has a plot of the
decline rate of Bangladesh infant mortality for 1961-
2010. It also shows three forecasts of the series.
Stationary ARMA(p, q) models do not seem
appropriate for the series based on the unacceptable
fit, but we have included a forecast made with an AR(1)
model to show the effect of using a stationary model for
a series that obviously is non-stationary. The other two
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Figure 4: ARIMA, AR and random walk forecasts of infant mortality decline.
Table 2: Augmented Dickey-Fuller Test for Unit Root
Country Test Statistic Z(t) Interpolated Dickey-Fuller MacKinnon
N . N . N . approximate
1% Critical Value 5% Critical Value 10% Critical Value p-value for Z(t)
Afghanistan -1.994 -4.187 -3.516 -3.190 0.6049
Bangladesh -2.473 -4.187 -3.516 -3.190 0.3414
Bhutan -2.027 -4.270 -3.552 -3.211 0.5866
India -1.977 -4.187 -3.516 -3.190 0.6139
Maldives -2.475 -4.196 -3.520 -3.192 0.3404
Nepal -1.551 -4.187 -3.516 -3.190 0.8110
Pakistan -3.547 -4.196 -3.520 -3.192 0.0346
Sri Lanka -1.970 -4.187 -3.516 -3.190 0.6177
South Asia -1.317 -4.187 -3.516 -3.190 0.8838
Source: Author’s own computation.
forecasts are based on model(1) and a random walk Let ..... Y1, Yo, Y4, Yo, .. be a (doubly infinite)

model without drift. We see that the AR(1) based
forecast continues smoothly from the last observed
value to the historical (1990-2010) mean. The
ARIMA(1,1,0) and Random Walk models produce
essentially the same forecast.

5. ASSESSMENT OF FORECAST ACCURACY

The objective of this section is to provide a
mathematical framework for the assessment of forecast
accuracy of a serviceable representative ARIMA(1,1,0)
model for forecasting logarithmic rate of infant mortality
decline in South Asia.

sequence of random variables. A particular realization
..... . Y-1,Yo, Y1, Y2,.... Of the process is called a sample
path. Suppose the iid sequence ....... ,€.1, €0, €1, €2, ....

with E[e] = 0 and Var[e] = o’ is white noise. Assume
that each Y; can be written in the form

Y=y, € +ty € +y, e  +... .. (2)

where v, =1, and the series of the absolute values of
v, 's converges. It can be shown that, the variance of
Y, is finite, and of the form

Var(Y) = 0'2210 v (3)
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Table 3: Estimated Time Series Models for Infant Mortality Decline

Country Name ARIMA(1,1,0) Random Walk Approximation
AR Coefficient Estimate (Std. error) p-value Estimate of White Noise variance
India -0.6553 0.000 .0000044
(0.1193)
Bangladesh -0.1251 0.431 .000034
(0.1572)
Sri Lanka -0.8647 0.000 .000043
(0.1461)
Nepal -0.5510 0.000 .0000076
(0.1351)
Pakistan -0.0569 0.724 .000017
(0.1602)
Maldives -0.0392 0.807 .00013
(0.1593)
Bhutan -0.5693 0.001 0.000012
(0.1507)
Afghanistan -0.2721 0.082 0.000016
(0.1524)
South -0.5143 0.000 0.0000046
Asia (0.1356)

Source: Author’s own computation.

for all t. More generally, we have that
COV(Yt 4 Yt+k) = O—Z ZZO wiWHk (4)

for all t and k = 0. Suppose we make a forecast for Y.«
at time t for lead time k = 1,2,.... etc.

From (2) we can write the future values as
Y =F()+E/(t) where

1+

Ek(t) = l//o €,+k +l//1 er,l +“.l//k—1 et+1 (5)
and
F;L(t) =Y E Y St (©)

If the v, ’s are known, then we know the value of

Fk(t) at time t for an invertible ARMA(p, q) process, but
Ex(t) is independent of the past and has mean zero. It
follows that Fi(t) is the minimum mean squared error
forecast of Ywk . Since error = forecast — true value,
Ex(t) is the negative of the forecast error.

Now, consider an integrated process Z; that is
related to a stationary process Y; ( as defined in (2)) via

the first differences ¥ =Z —Z . Suppose we know the

values of Z; fort = ....-1, 0, 1, 2,.... and we want to
forecast Z.y, for k=1, 2, .... We can always write

Z =2 +Y +-+7

=Z+FMO+E@)+-+F()+E/(t) (7)

Therefore, if we ignore the estimation error in the
v, ’s, the optimal forecast is

Z . ,=Z+FE@++F),

1+k
and the negative of the forecast error is

Z Ly tEO++E()=E,, say. (8)

1+

We see from (5) and (6) that the Ej's are all linear
combinations of € ,’'s withh =1,..... ,k, so the forecast

error is independent of the forecast. A direct calculation
yields the result,

COV(E(k>’ E(k+h)) = 0_22;(2:; w;)(z:f_il///) (9)

fork, h =0.

When the first differences follow an AR(1) process, we
have F, (t)=¢"'Y,

where Y =Z —Z . Therefore, the forecast function is
given as
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Zt+k :Zz+¢(Zz_Z;71)(l_¢k)/(l_¢) (10)

which tends to

Z/+k :Zz +¢(Z[ _Zlfl)/(1_¢)
as k—-ee. In demographic forecasting |¢| is often small,
so the asymptotic value tends to be close to the current
value. Taking ZM as in (10), from (9), we can derive
the second moments of the forecast error as

2

o
Cov(E, . E,, )= oy X

1- ! h+21_¢2k

h+l1 (P
k— — .
{ @+ T2+ =

1—

Because the partial sums in (9) are all positive for
AR(1) first differences, it is easy to show that the

covariance is positive for [¢| < 1. We see from (11) that

the covariance of the forecast error is asymptotically
proportional to the shorter lead time k. Also, as ¢ — 0,

) tends to (k/(k+h))1/2,

which is the autocorrelation function of a random walk.
We know that under an AR(1) model for the process
increments, Var(Y)=02/(1-¢"). So for large k and h

= 0, we shall approximately have,

the autocorrelations p(E(k),E(M)

Var(E

)= kxVar(Y)x (1+9)/ (1-¢).

Thus, when the process increments follow an AR(1)
model, an approximation for the variance of the
forecast error can be obtained based on a simple

random walk model by multiplying the empirical
variance of the process of increments by the quantity

(1+¢)/(1-9).

We shall now illustrate the methodology discussed
above for the series Z;, the rate of decline in infant
mortality for entire South Asia. From Table 3, we see
that the estimated representative model for the South
Asia is found as

zZ -7

t -1

= qS(Zt—l - szz )+ €
with ¢ = -0.5143 and the estimated standard error of
the autoregressive parameter is 0.1356.

The last three values of the infant mortality rate for
South Asia were Myggg = 51.1, Mog1g = 49.7 and Mogqq =
483, so that 22010 = 0.02778 and 22011 = 0.028573.
Therefore, the last observed difference was Y11 = -
0.00079. It follows that the point forecast of Zyp11+k IS

Z, . =0.028573+(~0.00079){—0.5143.(~0.5143)’

2011+k

+-0-+(=0.5143)}

for k =1, 2, ...,10. The variance of the forecast error
Var[E(] has been calculated using formula (11) with h

=0, ¢ = -0.5143, and G§:0.0000034. The 50%
prediction intervals are of the
formZzomkJ_rO.674S><Var(E(k))4, based on a normal

approximation for the distribution of Z. Figure 5
illustrates the logarithmic rate of infant mortality decline
in South Asia along with its forecast for 2011 to 2020
with 50% prediction interval.

0280+
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0240

0220

0200+

0180+

Figure 5: Logarithm of rate of Decline in Infant Mortality in South Asia and its

Intervals.
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Figure 6: Absolute Relative Error of Infant Mortality Forecast as a Function of Lead Time for South Asia and a Random Walk

approximation (dashed line).

6. ERROR ESTIMATE FOR INFANT MORTALITY
FORECASTS IN SOUTH ASIA

If the decline in infant mortality rate were a random
walk, using today’s value for all future times would be
optimal. Indeed, in countries, such as Bangladesh,
Pakistan etc. a graph of these series often looks
approximately like that of a random walk. Using this
argument, suppose, X>0 is a random variable
representing a future value and let T be its forecast,
which is based on past data. The absolute relative error
of naive forecasts is defined as

[7-x]
RAE = ———.
X

Figure 6 displays empirical estimates of the
absolute relative error of naive forecasts for the infant
mortality rate in South Asia and the error of a random
walk whose volatility closely matches the mean.
Assuming the steps of the random walk are
normal(Gaussian), the variance(volatility) estimated as
0.0047%; then the absolute value of the error as a
function of lead time is given by 0.0047 x t*and drawn
as the dashed line in Figure 6. The order of magnitude
of the estimated relative error at lead time 40 is
approximately 0.03. This corresponds to an expected
absolute error of about 3%.

Motivated by the developments in section 5, we now
reconsider the forecasts of IMR in Table 4 for each
country using our fitted models in section 4. From
Table 4, it may be observed that linear extrapolation of
IMR using the past rate may under or over estimate the
shortfall in achieving MDG goal. For example, linear
extrapolation of IMR for Bhutan at average annual rate

of reduction over 1990-2010 had suggested that it
would over exceed the MDG 2015 target, however the
ARIMA model indicates that there can be a shortfall to
the extent of 11% with approximately 1% of error. So is
the case, for the entire region of South Asia as
indicated in the last row of Table 4. The shortfall was
under estimated by about 28%.

7. CONCLUDING REMARKS

Demographic forecasts [17] of vital rates are linked
to public policy issues and can make major contribution
to planning for future in important areas of economic
and social life. If the vital rates closely follow their past
trends, accurate forecasting is feasible, but increased
fluctuations of the rates usually imply rapidly increasing
forecast errors. Country level comparisons of forecasts
will reflect varying degree of forecast accuracy as a
result of varying degree of change in mortality, fertility,
and migration etc. Although, it is difficult to find a
unique method or a unified approach to make the
comparisons possible even when modern theoretical
models are available to the forecasters. At times, it may
be possible to find a serviceable representative model
for the countries under consideration. Following Harold
Dorn (1950), it may be stated that producing population
forecasts using the representative model that are fairly
uncertain can still have value, as the forecasts may
draw attention to looming public policy issues that
would otherwise be neglected [18].

The present article demonstrates that it is possible
to find a serviceable representative time series model
for the countries in the entire region of South Asia for
the purpose of forecasting IMR decline so that country
level comparisons and monitoring the stagnation in
their rate of progress is made possible. Although a
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Table 4: Forecasts of IMR in South Asia
Name of the Forecasts using ARIMA(1,1,0) models for the Year MDG Shortfall Shortfall
Country 2012 2013 2015 2020 Target Estimates Estimates
Value in % In %
(2015) using using
ARIMA linear
extrapolation
Afghanistan 69 66 59 45 43 27.12 29.28
Bangladesh 35 33 30 23 32 -6.67 -92.77
Bhutan 40 39 36 29 32 11.11 -30.61
India 46 45 42 36 27 35.71 25.41
Maldives 8 7 5 3 25 -400.0 **
Nepal 37 36 33 27 31 6.06 -53.47
Pakistan 58 57 55 49 32 41.82 35.22
Sri Lanka 10 9.6 9 7 8 11.11 **
South Asia 47 46 43 37 28 34.88 6.67
Source: Author’s own computation.
gross level comparisons may be indicative of success [8] Bajpai N. India: Towards the Millennium Development Goals,

or otherwise for each country using descriptive
measures such as average annual rate of reduction as
used in this article, however, inappropriate choice of
simple linear models or so may lead to significant
magnitude of over or under estimation. Demographic
processes are generally non-stationary containing a
stochastic trend component. When such is the case,
and an ARIMA(1,1,0) model provides a statistically
accepted fit to vital time series data, the forecast errors
can be approximated using a random walk process
[11].
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