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ABSTRACT From district-level data from the 1951 and 1961 cen-
suses of Pakistan, fertility trend surfaces were constructed to show the
spatial distribution of fertility. The positive residuals from the third
order trend surfaces were considered to be areas of excess fertility,

The paper argues that family planring targets must be spatial, as
well as demograplhiic; the trend surface approach is one means of ac-
complislting this end in cases o) limited data availability. Although
many variables not used in this paper would be considered in a deci-
sion to allocate family planning resources, the methodology represents
a starting point for the allocation process.

The mechanism of fertility decline is an important concern of demo-
graphic rescarch because it seems to offer a key to understanding the
means by which the human condition, at both the individual and ag-
gregate levels, may be improved. The countries of the Third World in-
creasingly have viewed fertility as a real variable in overall economic
development, and many have invested heavily in programs to bring
about fertility decline. Our understanding of fertility, and hence of
fertility decline, however, is strongly influenced by the historical pur-
poses of censuses and vital registries, the principal sources from which
we draw inferences about fertility. Although modern versions ot these
sources retlect a concern with the needs of fertility research, they still
exhibit the broader needs of governments and of other institutions to
raise revenues, to provide for defense, and to plan for the future. What
has emerged is a view of fertility colored by the influence of socioeco-
nomic variables derived trom censuses or vital registers; so strong is the
influence that population scholars routinely write of the *“socioeco-
nomic determinants’ of fertility.

The socioeconomic explanation of fertility is reasonably satisfying.
Socioeconomic variables generally account for a high proportion of
the variance in fertility, and these variables have a practical meaning
within a country which, in turn, permits the formulation of specific
policy. Still, other views of fertility may have equal or greater merit.
It is possible, for example, that a nutritional explanation of fertility
could be advanced that would account for a high proportion of vari-
ance in fertility rates (Frisch, 1978). Moreover, some countries might
find it casier to alter the nutritional intake of their population than to
raise literacy, increase per capita income, or provide contraceptive



technology. It is unlikely, however, that sociocconomic determinism
will be replaced by considerations of nutrition, or by other similar ¢x-
planations of fertility. The censuses and vital registers that provide our
view of fertility do not record continuous change within a population,
The cross-sectionzl view afforded by a census is hopelessly inadequate
to describe the influence of variables like nutrition. Vital registers,
though providing a nore longitudinal view, nevertheless record discrete
events at a scale much too great to capture the effect of variables that
operate on a day-to-day, or ¢ven hour-to-hour basis. Although it is pos-
sible to conceive of monitoring systems that might permit alternatives
to sociocconomic determinism, both their cost and their implied threat
effectively rule out their creation on a broad scale.

Ultimately, better understanding of fertility decline will require an
cxpansion of the kind of data collected, but for the present significant
expansion of knowledge requires new research orientations within the
general framework of socioeconomic determinism. Such a new orienta-
tion is exemplified by multivariate arcal fertility analysis (Hermalin,
1972, 1975, 1976). The areal approach, while employing conventional
demographic data and techniques, affords a view of fertility at a level
intermediate to the national and individual (KAP) Icvels. The areal fer-
tility studies of Demeny (1972) for Austria-Hungary, Fuller (1975)
for a Chilean community, and Jones (1977) for Barbados have all
shown that the linkages between fertility and socioeconomic variables
vary from place to place. Demeny (1972:170), whose study concerns
a period before the advent of family planning programs or modern
contracentive technology, has argued that these arcal variations re-
sulted from “‘geographic diffusion” of new fertility norms. Fuller
(1975) also considered arcal variations in linkages to arise from the
diffusion of new norms, but showed that the diffusion process was
generated by a family planning clinic. Jones (1977), in a study of
Barbados based upon the methodology of Hermalin (1972, 1975),
has argued that arcal variation in the linkages between fertility and
socioeconomic variables arose partially from areal differentials in fam-
ily planning activity. !

The areal approach, apart from illuminating the weaknesses of so-
cioeconomic determinism, provides a means of evaluating and improv-
ing family planning programs. Areal variations in linkages can be com-
pared with the areal pattern of family planning investment for evalua-

1 These two conceptualizations of the areal variations in linkages, diffusion and
areal differentiation, are similar to the dichotomy between diffusion and ad-
justment propounded by Carlsson (1966).



tion, or, on the other side of the same coin, arcal variations can suggest
where future tamily planning investment ought to be made. Indced,
family planning evaluation has been the principal focus of areal fertil-
ity analysis. Unfortunately, the arcal approach requires relatively com-
plete and accurate data. Because available data inevitably lead to the
sociocconomic determinants of fertility, variations in linkages must
appear as residual picces once the analytic cake has been sliced. Crumbs
resulting from poor or incomplete data will not suffice; the unex-
plained variance in fertility, once socioecconomic variables have been
considered, must arise from the influence of variables outside the ana-
lytic framework, and not from systematic bias inherent in the data. It
is this consideration that has led to the relative rarity of arcal fertility
studies, and many countries which presumably could benefit from the
results of arcal analysis luck the necessary data.

THE SPATIAL APPROACH

The findings of modern arcal fertility analysis permit the advancement
of the @ priori assumption that the linkages between fertility and so-
cioeconomic characteristics vary systematically over space. If this as-
sumption is made, then it is possible to draw inferences about these
linkages from incomplete or limited data. Basically, such inferences are
drawn in much the same way that topographic maps are created from
direct measurements of clevation made at only a tew points. The sur-
veyor or cartographer assumes certain features of geologic structure
and crosional process, and interpolates between the observation points,
The contours on most topographic maps, then, are generalized patterns
based on interpolation derived from assumptions about the linkages be-
tween structure, process, and clevation.

In topographic mapping there is always the risk that an unknown
factor between observation points influences the linkages between
controls and elevation. Generally, however, topographic maps achieve
a high degree of accuracy, much greater, in fact, than would be ex-
pected from any study of human fertility, On the other hand, the vari-
ables that “determine’ elevation are generally better known and more
rasily measured than those that influence human fertility. For this
reason, the assumption of systematic spatial variation in linkages be-
tween fertility and sociocconomic variables should be made only when
it is necessary to make it; the standard arcal approach is more rigorous
and therefore a prelerred methodology. In limited-data situations,
however, the assumption must be made if any of the advantages of’
arcal analysis are to be gained. We have made this assumption in ana-
lyzing Pakistani fertility.



We have applied the spatial approach to fertility patterns in Pakistan,
which, like many developing countries experiencing rapid population
growth, has viewed the control of human fertility as an important vari-
able in its developmental effort. The creation of a national family
planning program and the establishment of ambitious goals for the pro-
gram are obvious expressions .f the government’s concern. Although
all family planning programs could benefit from greater information
about how their efforts may be transformed into significant declines
in human fertility, Pakistan’s program suffers from unusually severe
data limitations concerning fertility patterns and trends. Despite sig-
nificant contributions to an understanding of Pakistani fertility by the
Population Growth Estimation Project begun in 1961 (for example,
Alam and Yusuf, 1968), and by Krotki (1964), Hashmi (1963), and
Zelnik and Khan (1965), a great many questions of relevance to na-
tional family planning remain unanswered.

THE DEARTH OF FERTILITY DATA IN PAKISTAN

Pakistan lacks a vital registry system that would permit conventional
calculation of fertility rates. Although this deficiency can be partially
compensated for by the analysis of census data and by the use of sam-
ple surveys, the dearth of reliable data creates a significant handicap
for family planning decision makers. The allocation of fertility con-
trol resources cannot be adjusted easily or quickly so as to maximize
impact, nor can the impact of the program itself be measured accu-
ratcly except over limited areas, for limited periods of time.

The censuses of 1951 and 1961, the principal sources available for
the calculation of fertility rates, contain some serious shortcomings
which apparently arise from age heaping. The reported age intervals
for the 1951 census are uneven and are different from the intervals
used in the 1961 census. Krotki (1964) reported that the 1951 census
collected age data specific to the year, but that heapingat 10, 20, 40,
and 60 years was so pronounced that the data were published only in
broad age categories (0-9, 10-19, 20-39, 40-59, and 60+). More-
over, the 1961 census reported a 0--4 age group that was smaller than
the 59 age group; this is highly implausible in light of the age struc-
ture of other developing countries in the same region.

CALCULATION OF FERTILITY RATES BY DISTRICT

The administrative divisions of Pakistan are, in order of decreasing
size: the nation. the province, the division, the district, the tehsil, and
the union council. The district is the smallest unit for which complete



census data were available and therefore is the unit furthest down the
administrative hicrarchy likely to enter into national planning deci-
sions. In 1951 Pakistan contained 45 districts, cach with an average
arca of about 6.000 square miles and a population ot 840,000. The
smallest district contained about 42,000 people, and the largest
2,700,000. Figure 1 shows the districts of Pakistan in 1951.

The most commonly used measure of fertility, the general fertility
rate, could not be employed in this study since it requires knowledge
of the number of births over a given period of time. In the absence of
both vital registrics and life tables, it was necessary to use an alterna-
tive measure of fertility, the child-woman ratio (R).

In order to apply this method comparably to both censuses, it was
necessiry first to create comparable age intervals. This was accom-
plished by use of the halving method and Newton’s Method (Bogue
and Kitagawa, 1967); a complete description of the application of
these methods has been given elsewhere (Khan, 1973). Although these
procedures should minimize the influence of age heaping on the caleu-
lation of fertility, to insure the least possible error, we combined the
first two age groups derived from the census (0--4 and 5—-9). Thus, the
child-woman ratio (R) became

R= MX 1,000
W(15-49)
where C(0--9) is the number of children aged 0-9 years, and W(15-49)
is the number of women in the childbearing years (ages 15--49). This
formula was further modified so that R might ko read to approximate
the general fertility rate and become
C
rR=1/10-29=2 | 000
W(15-49)
The modified child-woman ratios (K) for the districts of Pakistan are
contained in Table 1.
TREND SURFACE ANALYSIS OF FERTILITY
Trend surface analysis is a variety of multiple regression in which two
independent variables define the location of a control, or observation
point, and where the dependent variable is measured only at the con-
trol points. The independent variables may be thought of as longitude
and latitude wiien the dependent variable, as in the case of Pakistani
fertility, varics spatially. The control points used for this study were
the centroids of the districts of Pakistan, Although some error is intro-



FIGURE 1 Districts of Wes1 Pakistan: 1951

1 Hazara
2 Mardan
3 Peshawar
4 Campbelipur
S Rawalpindi
6 Jhelum
7 Gujrat
8 Sialkot
9 Gujranwala
10 Sargoadha
11 Mianwali
12 Kohat
13 Bannu
14 D.I. Khan
15 Zhob
16 Loralai
17 D.G. Khan
18 Muzaffargarh
19 Jhang
20 Sheikhupura
21 Lyallpur
22 rahore
23 Sahiwal

24 Multan

25 Bahawalnagar
26 Bahawalpur
27 R.Y. Khan
28 Sukkur

29 Khairpur
30 Sangar

31 Tharparkar
32 Hyderabad
33 Tatta

34 Karachi

35 Dadu

36 Larkana

37 Nawabshah
38 Lesbela

39 Mekran

40 Kharan

41 Chagai

42 Kalay

43 Sibi

44 Quetta

45 Jacobabad




TABLE 1 Fertility rates (child-woman ratios) for the districts of

Pakistan: 1951 and 1961

Fertility rate

Ditrict 1951 1961
Hazara 146 211
Mardan 177 210
Peshawar 149 207
Campbellpur 149 143
Rawalpindi 137 140
Jhelum 124 131
Gujrat 120 148
Sialkot 115 136
Gujranwala 106 147
Saryodha 138 158
Mianwali 159 170
Kohat 153 187
Bannu 190 193
D.l. Khan 170 138
Zhob 158 179
Loralai 170 186
D.G. Khan 136 130
Muzaffargarh 138 172
Jhang 123 159
Sheikhupura 132 148
Lyallpur 133 152
Lahore 177 154
Sahiwal 87 106
Multan 151 166
Bahawalnagar 140 163
Bahawalpur 143 171
R.Y. Khan 152 184
Sukkur 229 155
Khairpur 144 178
Sangar 138 156
Tharparkar 136 144
Hyderabad 125 141
Tatta 143 157
Karachi 130 151
Dadu 129 131



TABLE 1 (continued)

Fertility rate

District 1951 1961
Larkana 152 147
Nawabshah 140 175
Lesbela 147 167
Mekran 147 247
Kharan 167 183
Chagai 176 201
Kalat 135 161
Sibi 156 161
Quetta 153 161
Jacobabad 141 172

duced by the use of an arcal centroid rather than a center of popula-
tion, the surfaces to be examined are not sutficiently complex to be
affected materially by the error factor. Trend surface analysis finds a
best fitting surface (by least squares estimation) to it the values ob-
served for the dependent variable at the contro! points. The created
surface may be planar Cas in linear regression). or of a higher order;
the investigator may allow the surface to warp. as in curvilinear re-
gression, to provide increasingly better fit of the surface to the ob-
served values. Pioneering work in trend surface analysis was conducted
by Krumbein( 1959), with specitic application to petroleum explora-
tion. Some applications of the technique have oceurred in demo-
graphic and geographic research, but less expensive computer carto-
graphic routines have tended to supersede it.

The principal advantage that trend surface analysis has over other
computer cartographic techniques and surface-fitting algorithms de-
rives from its regression heritage. A measure of goodness of fit, usually
percentage of variance explained (R?), can be determined and the de-
viations ol the observed values trom those predicted (i.e., the residuals),
may be caleulated and plotted. This featurce is particularly important in
limited data situations because the distribution of the residuals may
suggest the influence of specific variables not included in the analysis.
Figure 2 shows the planar, second order, and third order fertility trend
surfaces for Pakistan based on the 1951 and 1961 data contained in
Table 1.



FIGURE 2 Fertility trend surfaces
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The first order. or planar, surfaces are the simplest configurations
and show a great deal of simitarity for the two years. In both the 1951
and 1961 surtaces, there is a general trend toward lower fertility ex-
tending from the northwes. o the scuthee i the principel difference
between the two surfaces is u steeper fertility gradient tor 1961, indi-
cating the emergence of an apparent greater regional disparity in fer-
tility rates. The variance explained by the two surfaces suggests that
the disparity results trom a more complex pattern of fertility in 1961,
The planar surfice based on the 1951 data accounts for 32 percent
(R* = 0.32) of the variance: this is a remarkably high percentage when
viewed in light ot the simplicity of the surface and seeming complex-
ity of the data in Table 1. By contrast. the planar surtace for 1961
accounts for only 19 percent (R* = 0.19) of the variance. The most
likely explanation tor the better fit of the 1951 surface is that it has
been “smoothied™ by the estimation techniques applied to the 1951
census data. Such techniques have the effect of climinating extreme
values from the distribution of fertility and producing the appearance
of regularity.

A compurison of the two columns in Table 1 reveals that substantial
increases or decreases in ertility oceurred in virtually every district of
Pakistan in the decade 1951601, Despite these changes, and despite
the greater spatial complexity ot the 1961 fertility data, the planar
surtaces show that the principal generalization about arcal fertility re-
mains substantially the same. with highest fertility in the northwest,
and fowest in the southeast. Herein rests an important contribution of
the spatial approacti to fertility, for durability of the generalization is
not evident directly from Table F: moreover, the durability oflers pre-
sumptive evidence that the processes influencing fertility are imbedded
within the spatial fabric of the nation. Although these processes may
wax and wane, there is reason to suspect that their influence spreads
throughout Pakistan in similar patteras.

The second order surtaces provide a minimum of information be-
yond that obtained from the planar surfaces. Again the surfaces for
1951 and 1961 are similar. and the northwest-southeast trend is con-
firmed. The 1951 surfuce has increased the variance explained by only
7 pereent (from R? =0.32 to R? =0.39). indicating the strength of
the generalization provided by the planar surface. By contrast, the
second degree surfice Tor 1961 shows a substantial explanatory im-
provement: variance explained has increased from R =0.19 to R? =
0.37. The second degree surface for 1961 difters from the planar sur-
face Tor 1961 only by increasing steepness in the fertility gradient.
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This slight visual change, combined with the substantial increase in per-
centage of variance explained, probably indicates growing regional in-
cquality in fertility rates and implies that processes influencing fertility
which may be under way in one part of the country have not yet
reached other parts (e, geographic diffusion). On the basis of the sur-
faces alone, it is not possible to conclude which regions have encoun-
tered these processes and which have not. With an eye to general eco-
nomic development within Pakistan, however, it seems likely these
processes have been generated along the north-south axis of the Indus
River valley and had not reached the more mountainous northwest by
1961,

Although the third order surfuces show the same general trends evi-
dent in the lower order surfaces, the basic northwest-southeast general-
ization has been moditied by the influences of urbanization and of the
Indus River, the ccumene of Pakistan. In the south, a region of mod-
estly lower fertility had just begun to develop in 1951; by 1961, this
region, apparently representing the influence of Karachi and Hydera-
bad, had extended much further north, generally following the Indus
River valley. Similarly, another region ot lower fertility is evident for
both years in the cast and northeast and apparently resulted from the
urban influence of Lahore and Multan. Although there are substantial
changes between the second order and third order surfaces for both
years, these changes have been approximately the same so that the
1951 and 1961 third order surfaces are nearly identical. Such differ-
ences as do exist tend to confiirm the previous observation: the 1961
surface has greater relief, implying greater regional disparity in areal
fertility. The 1951 third order surface accounts for approximately 42
percent of the variation, and the 1961 surtace for 51 percent.

. s possible to continue warping the surfaces so as to account for
increasingly greater proportions of the variance in fertility. Each addi-
tional warp, however, lends greater complexity to the surfaces, which,
in turn, renders it increasingly more difficult to genceralize visually
from the patterns. In the case of the 1951 data, the fourth order sur-
face adds slightly less than 2 percent to the total variance explained;
this small increase does not seem justitied. Since the intention here is
to compare the patterns for 1951 with those for 1961, it is prudent to
halt surface development at the third degree level. If we were con-
cerned only witlt the 1961 fertility data, however, then we shovid pro-
gress to highier order surfaces, since both the fourth and fifth order sur-
faces cach add in excess of 5 percent to the total variance explained.
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RESIDUALS FROM THE THIRD ORDER TREND SURFACES
The third order trend surfaces are the most accurate surfaces we have
considered explicitly here. yet they account for only about half of the
variance in fertlity rates. The unexplained variance, the residuals, can
be mapped s¢ as to show the spatial distribution of inaccuracy. We
may consider the treng surfaces as generalizations about fertility in
Pakistan, and the residuals as exceptions to the generalizations. Figure
3 shows an oblique transformation of Figure I, and Figure 4 renders
in three ditnensions the distribution of residuals from the third degree
surfaces. The oblique transformation highlights the positive residuals-—-
+hat is. those districts where actual fertility rates were higher than the
rates generated from the third degree surfaces. Although some benefit
might accrue to dgecision makers from the knowledge of where fer-
tility rates were lower the 1 those generalized, the traditional focus of
family planning programs ! .s been upon excess fertility:in this in-
stance, the positive residuals are indeed an excess over the values de-
fined by the surfaces.

The positive residuals have practical value when they are considered
in light of the choices available to the national family planning pro-
gram. These choices may be divided into two categories: those dealing
with the operation of the program at the local level, usually through
individual clinics, and thosc dealing with the allocation of resources
among the various clinies, The former category involves tactical de-
cisions about such things as the type of contraceptives offered, the
style and intensity of motivational campaigns, the frequency and ex-
tent of outreach visits, and the level and type of training required of
clinic personnel. The latter category of choices is labeled properly as
family planning strategy and is concerned with the creation and at-
tainment of national fertility goals through the allocation of money,
cquipment, and manpower so as to maximize impact upon fertility
Jevels.

The dichotomy created here between tactics and strategy should
not be belabored, since a viable strategy must consider tactical realitics
and because tactics that ignore strategy can disrupt a program’s effi-
ciency. Morcover, for some national programs the distinction between
tactics and strategy is unimportant. This is particularly true for coun-
tries that have relatively small populations or are territorially small,
and are relatively uniform culturally. It is probably also true in coun-
tries whose family planning programs have attained a level of maturity
that permits unencumbered decisions concerning the allocation of
resources. For Pakistan and many other countries, however, the dis-



FIGURE 3 Oblique transformation of base map of Pakistan
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tinction between tactics and strategy is significant and will remain so
as long as it is necessary to decide where the next clinic will be opened
and which district should receive additional resources as they become
available. The residuals from the third order trend surfaces are of little
value in the selecdon among tactical alternatives, but they can aid in
the formulation of strategy.

The residuals for 1951 show four districts with exceptionally high
values and several with moderately high values. These districts do not
necessarily have the highest fertility levels, but rather emerge as ex-
ceptions once a generalization about spatial trends in fertility has been
taken into account. The generalization is similar conceptually to the
generalization of the linkages between socioeconomic variables and
fertility created in arcal fertility studies. Here, however, it has been as-
sumed that the variations in linkages are described by the trend surface;
the residuals, therefore, emerge as exceptions to the gencralization, or
specifically as districts where fertility is higher than expected. A de-
cision maker should therefore suspect that these are districts where the
linkages between socioeconoinic indices are abnormal and that family
planning resources allocated there have a higher probability of yielding
favorable results. Because there is the possibility of unknown variables
and processes operating between the observation points, local-level in-
vestization would be required before specific allocations were made to
the high residual districts,

The suggested use of the residuals as an allocation model is a logical
consequence of the family planning evaluation orientation of areal
studies of fertility (see especially Hermalin, 972, 1975). The conse-
quence of evaluation is the improvement of those aspects of a program
that are not achieving reasonable goals, and “‘improvement’ necessarily
implies the allocation of resources. Traditionaliy, allocation in national
family planning programs has involved attempts to reach elements of
the population that are defined by demographic characteristics only.
Spatial allocation is implicit in any national-level allocation model, re-
gardless of how the “targets™ are defined. The approach advocated
here makes the spatial dimension explicit (at least at the district level);
nonspatial aspects such as demographic criteria must still be considered
within the targeted districts.

Allocation models employed for cconomic development in general
are subject to the realitics of both their own shortcomings and the ten-
dency of decision makers to seek ends apart from those at which allo-
cation is directed. The real utility of such models is to raise planning
considerations that have been overlooked and to provide a basis of as-
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sessing the costs of deviation from an economically optimal planning
scheme. We con assume that there exists an economically optimal strat-
¢gy for the reduction of feriility in any country, and that a particular
spatial allocation of resources is a part of such a strategy. The history
of family planning, however, is suzh that it has come to be identificd
with the practice of medicine. We are thus faced with the situation of
distributing medical resources, albeit medical resources aimed at a so-
cial goal. It is one thing to suggest that these medical resources ought
to be targeted for a subgroup of the population, but quite another to
suggest the target should also be specific areas of the country. The po-
litical implications are double-edged, for a nontargeted area may charge
neglect, while a targeted area may claim genocide. In fact, any national
family planning program has to engage in spatial allocation, even a pro-
gram that has achieved virtual saturation levels. Usually the spatial di-
mension is not explicit, but it is present. The allocation scheme advo-
cated here has a virtue in this regard, for the assumption of systematic
spatial variation in linkages allows fertility to be examined directly,
without explicit consideration of the socioeconomic characteristics of
the districts’ populations. Thus, it cannot be charged fairly that alloca-
tion has been based upon considerations of cthnicity or ideology; the
criteria have been location and a measure of fertility.

In any case, such investment would be hypothetical because the
1951 residuals reflect conditions at a time before national family plan-
ning was a reality in Pakistan. Although a privately organized national
program was under way in 1953, it was not until the second five-year
plan (1960—65) that significant resources through government contri-
butions were made available (Pakistan, Ministry of Health, 1964). The
1951 residuals, then, have planning value only as they provide back-
ground to more recent developments.

The values of the positive residuals for 1961 are less extreme, thus
making the sclection of target districts more difficult. Two of the dis-
tricts that had very high residual values in 1951 (Sukkur and Sahiwal)
had become subdued by 1961. Two others (Bannu and Mardan) show
high residuals for both years; similarly, Loralai district, with reasonably
high values for 1951, had exceptionally high values for 1961, The re-
siduals for these latter three districts indicate a need for special atten-
tion from national planners sirnce they demonstrate a sustained pattern
of excess fertility. In particular, it would be necessary to know whether
excess fertility could be counteracted by improved allocation to clinics
in those districts (i.e., has family planning been neglected in those dis-
tricts?), or whether other factors beyond the scope of family planning
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(e.g., the lack of connection between these districts and the rest of ;he
country) has been responsible. Note that a view of the spatial pattern
of fertility virtually forces the integration of fa nily planning with
broader developmental considerations. Districts with higher than ex
pected fertility may be sutfering from a shortsge of investment in fam-
ily planning, or cultural or topcgraphic barriers may have presented
the diffusion of lower fertility norms. In ciiher case, tactical-level de-
terminations have to be made (including a consideration of socioeco-
romic characteristics) and appropriate action taken. Under ideal con-
ditions, the family pizuning target gives way to a general developmen-
tal target.

The overall pattern of high residuals for 1961 is clustered along the
Indus River, and extends into the northeast. A clustering of residuals
usually indicates that a spatial process atfecting the dependent variable
has not been taken into account. Here, the shape and extent of the
pattern suggests that economic development along the Indus River val-
ley may be responsible, perhaps by inducing the migration of young
people to the region. If tactical-level observation confirms the influ-
cuee of migration or of other influences related to development, then
strategic response is implied. Such a response might involve the addi-
tion of fertility reduction costs to the total costs of developmental
projects. A new irrigation project or factory would include the means
of fertility reduction, in much the same way as industrial expansion in
the United States has required decision makers to build into their plans
the costs of environmental impact. From a family planning perspective,
such a step would be based upon the realistic assumption that those
who take advantage of the opportunities afforded by economic devel-
opment tend te have higher fertility and to be receptive to the means
of reducing it.

The strategic actions advocated here are based on the notion that it
is not practical for Pakistan to tocus its attention on a broad target
population. The stated goal of the nutional program, in the period
196570, to reach onc-quarter of the nation’s couples in the repro-
ductive ages (Ministry of Health, 1964) was not only unrealistic but
probably grossly incefticient. On the one hand, it it were possible for
Pakistan to “reach’™ quickly a large segment of its population in such
a way as to bring about the behavioral change implied by family plan-
ning, it is doubtful that there would be a need for a family planning
program. On the other hand, attempts to attain this unattainable goal
will insure that those couples reached will, in general, be those ecasiest
to reach. It is possible that this “least effort” approach will have the
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minimum possible impact on fertility within the potential of available
resources. In any case, the approach implied by the goal is not an opti-
mal strategy for Pakistan because the statement of general goals or spe-
cific objectives in strictly demographic terms tends to lead to ineffi-
ciency. Although it is necessary to know the characteristics of any tar-
get and to know what weanonry should be employed, it is also neces-
sary to know where the target is. Some countries have developed so-
phisticated family planning “weaponry’ to the point where the loca-
tion of the target population is not important; this is not the case in
Pakistan. Decision makers there still must decide where each new step
in the development of the program will be taken.

IMPROVING THE METHODOLOGY

Although this study has suggested a methodology for approaching the
problem of the allocation of family planning resources, it is an embry-
onic methodology that must be developed. As with any research in-
volving Pakistan fertility, the quality and incompleteness of data limit
the conclusions that may be drawn. The eventual publication of comn-
plete district-level data for the 1972 census will provide the oppor-
tunity for further comparisons and considerations. Even with better
data, however, two major irnprovements are nceded: the creation of
more rcliable fertility surfaces, and improved criteria for the sclection
of target arcas.

The fertility surfaces used in this study were formed without regard
for theoretical underpinnings. There is no evidence to suggest that spa-
tial processes affecting fertility either spread by, or are manifest in,
regular mathematical surfaces. We do not yet understand fully the
mechanism by which fertility change is spread, nor have we good justi-
fication for interpolation between control points. With a greater under-
standing of the role of communication linkages and of the differential
tendency of individuals to act upon fertility control information, it
will be possible to produce fertility surfaces that more nearly model
generating processes. Despite this shortcoming in the surfaces, it is
likely that error arising from their creation is no greater than the error
implicit in the censuses from which they were derived.

The residuals that have been used to suggest targets for family plan-
ning should be weighted in order to allow consideration of other vari-
ables. Although decision makers would consider these variables implic-
itly, their explicit consideration would tend to make planning iess de-
pendent upon the expertise of individuals, a crucial factor in a long-
range program. Among the variables that should be considered are:
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1. The population size of a target district; investment in a larger
district would tend to yield a greater net impact on fertility.

[ )

. The distribution of population within a dis:rict; it would be
more efficient to reach a concentrated pcpulation, less efficient
to reach scattered rural communities.

3. Barriers to cffectiveness; linguistic differences and other cultural
factors can raise costs significantly, particularly in attempts to
allocate personnel resources,

4. The mobility of the population; a district population that is tra-

ditionally mobile (c.g., seasonal wage labor) may be more costly

to reach than a sedentary population.

These, and possibly other, factors are desirable additions to the ana-
lytic framework, but the cost of collecting the necessary data may ex-
ceed the value of any benefit derived. At present, few national plan-
ning programs undertake a rational, explicit family planning strategy;
even modest improvements in strategy seem certain to improve pro-
gram efficiency.



19

REFERENCES

Alam, Syed Igbal, and Farhat Yusuf

1968 Some problems of matching vital events reports in the Population
Growth Estimation Project. Paper presented to the Cento Sympo-
sium on Demographic Statistics, Karachi.

Bogue, Donald J., and Evelyn M. Kitagawa

1967 Techniques of Demographic Researci. Chicago: University of
Chicago Press.

Carlsson, Gosta

1966 The decline of fertility: innovation or adjustment precess. Popula-
tion Studies 20G:149-74.

Demeny, Paul

1972 Early fertility decline in Austria-Hungary: a lesson in demographic
transition. In D.V. Glass and Roger Revelle, eds., Population and
Social Change, pp. 153—72. London: Edward Arnold.

Frisch, Rose

1978 Population, food intake, and fertility. Science 199(January):22—
30.
Fuller, Gary
1975 On the spatial diffusion of fertility decline: the distance-to-clinic
variable in a Chilean community. Economic Geography 50(4):
324-32.

Hashmi, Sultan S.

1963 Main Features of the Demographic Conditions of Pakistan. Karachi:
Central Statistical Office.

Hermalin, Albert 1.

1972 Taiwan: Appraising the Effect of a Family Planning Program
Through an Areal Analysis. Population Papers of the Institute of
Economics, Academica Sinica, No. 2.

1975 Regression analysis of areal data. In C. Chandrasekaran and Albert
Hermalin, eds., Measuring the Effect of Family Planning Programs
on Fertility, pp. 245-99. Dolhain, Belgium: Ordina Editions.

1976 Spatial analysis of family planning program effects in Taiwan. Paper
presented at the 7th Summer Seminar in Population, East-West
Population Institute, Honolulu, June.



20

Jones, Huw R,

1977 Fertility decline in Barbados: some spatial considerations. Studies
in Family Planning 8(6):157-63.

Khan. Mohammad Monawar

1973 Spatial fertility variations in West Pakistan. Unpublished Master’s
thesis. Department of Geography, University of Hawaii.

Krotki, Karol J.
1964 A first glance at Pakistan's age distribution. Pakistan Development
Review 4(2).

Krumbein, W.C.
1959 Treng surface analysis of contour-type maps with irregular
control-point spacing. Journal of Geophysical Research 64.
823 34,

Pakistan, Ministry of Health

1904 Family Planning Scheme for Pakistan During 1965--70. Rewal-
pindi: Government of Pakistan.

Zelnik, Melvin, and Masihur Rahman Khan

1965 An estimate of the birth rate in East and West Pakistan. Pakistan
Development Review S(1).



RECENT AVAILABLE PAPERS OF THE EAST-WEST POPULATION INSTITUTE

No.

30 Demographic research in Japan, 1955—-70: a survey and selected bibliography, by Y, Scott
Matsumoto, April 1974,78 + v pp.

32 The value of children in Asia and the United States: comparative perspectives, by James T.
Fawcett et al., July 1974, 69 + vii pp.

33 The present and prospective state of policy approaches to fertility, by Ozzie G, Simmons
and Lyle Saunders, June 1975, 25 + v pp.

34 Female labor force participation in a modernizing society: Malaya and Singapore, 1921 —
1957, by Monica S. Fong, June 1975, 39 + vii pp.

35 Fertility socialization research in the United States: a progress report, by Susan O. Gustavus,
July 1975, 19 + v pp.

36 Lata relevant to socialization in the U.S. national fertility surveys, by Larry L. Bumpass,
December 1975, 14 + v pp.

37 Some sociological suggestions concerning the reduction of fertility in developing countries,
by Norman B. Ryder, January 1976, 14 + v pp.

38 Future autobiographies: expectations of marriage, children, and careers, by Nancy E. Wil-
liamson, Sandra L. Putnam, and H. Regina Wurthmann, February 1976, 29 + v pp.

39 The development of family size and sex composition norms among U.S. children, by Gerald
E. Markle and Robert F. Wait, September 1976, 23 + vii pp.

40 Urbanization in the Phifippines: historical and comparative perspectives, by Ernesto M,
Pernia, November 1976, 38 + v pp.

41 A method of decomposing urban population growth and an appfication to Philippine data,
by Ernesto M, Pernia, Decer ber 1976, 26 + v pp.

42 Methodological difficulties encountered in using own-children data: illustrations from the
United States, by Ronald R. Rindfuss, February 1977, 17 + v pp.

43 The fertility of migrants to urban places in Thailand, by Sidney Goldstein and Penporn
Tirasawat, April 1977, 49 + v pp.

44 The demographic situation in the Philippines: an assessment in 1977, by Mercedes B.
Concepcion and Peter C. Smith, June 1977, 75 + vii pp.

45 The demographic situation in Thailand, by Fred Arnold, Robert D. Retherford, and Anuri
Wanglee, July 1977, 35 + vii pp.

46 The role of migration and population distribution in Japan’s demographic transition, by
Toshio Kuroda, July 1977,17 + v pp.

47 The recent fertility decline in the Chiang Mai area of Thailand, by Tieng Pardthaisong,
February 1978, 36 + vii pp.

48 Spatial analysis of family planning program effects in Taiwan, 1966—72, by Albert |,
Hermalin, April 1978, 39 + vii pp.

49 Gains from population control: results from an econometric model, by Daniel B. Suits and
Andrew Mason, April 1978,22 + v pp.

50 The economic value of children in Asia and Africa: comparative perspectives, by Helen Ware,
April 1978, 36 + v pp.

51 Rural-urban migration and social mobility: studies of three South Korean cities, by Man-Gap
Lee and Herbert R. Barringer, May 1978, 44 + vii pp.

52 Preliminary estimates of Indonesian fertility based on the 1976 Intercensal Population
Survey, by Sam Subarto and Lee-Jay Cho, May 1978,21 + v pp.

53 Circulation in the context of total mobility in Southeast Asia, by Sidney Goldstein,
August 1978, 69 + v pp.

54 Effects of program contraception on fertility: a comparison of three Asian countries, by
Siew-Ean Khoo, September 1978, 58 + ix pp.

55 Population projections for planning and policy, by William Brass, September 1978, 16 +
v pp.



THE EAST-WEST CENTER—officially known as the Center for Cultural and Tech-
nical Interchange Between East and West—is a national educational institution
established in Hawaii by the U.S. Congress in 19€0 to promote better relations
and understanding between the United States and the nations of Asia and the
Pacific through cooperative study, training, and research. The Center is admin-
istered by a public, nonprofit corporation whose internationai Board of Gover-
nors consists of distinguished scholars, business leaders, and public servants,

Each year more than 1,50: men and women from many nations and cultures
participate in Center prog:oris that seek cooperative solutions to problems of
mutual consequence to East and West. Working with the Center's multidisciplin-
ary and multicultural staff, participants include visiting scholars and researchers;
leaders and professionals from the academic, government, and business commu-
nities; and graduate degree students, most of whom are enrolled at the University
of Hawaii. For each Center participant from the United States, two participants
are sought from the Asian and Pacific area.

Center programs arc conducted by institutes addressing problems of communica-
tion, culture learning, environment and policy, population, and resource systems.
A limited number of “open” grants are available to degree scholars and research
fellows whose academic interests are not encompassed by institute programs,

The U.S. Congress provides basic funding for Center programs and a variety of
awards to participants. Because of the cooperative nature of Center programs,
financial support and cost-sharing are also provided by Asian and Pacific govern-
ments, regional agencies, private enterprise, and foundations. The Center is on
land adjacent to and provided by the University of Hawaii.

THE EAST-WEST POPULATION INSTITUTE, established as a unit of the East-West
Center in 1969 with the assistance of a grant from the Agency for International
Development, carrics out multicisciplinary research, training, and related activ-
ities in the ficld of population, placing emphasis on economic, social, psycho-
logical, and environmental aspects of population problems in Asia, the Pacific,
and the United States.

PAPERS OF THE EAST-WEST POPULATION INSTITUTE, published about six times
a year, facilitate early dissemination of research findings related to the demogra-
phy of Asia, the Pacific, and the United States. Single copies are available without
charge. Multiple copies cost 50 cents ecach; checks or money orders should be
made payable to the East-West Center. Requests and orders should be directed to:
Publications Office, East-West Population Institute, 1777 East-West Road, Hono-
lulu, Hawaii 96848, USA.

-, Director Lee-Jay Cho

East-West Population Institute Publications Officer Sandra E. Ward
East-West Center Editor Elizabeth B. Gould
1777 East-West Road Production Specialist Lois M, Bender

Honolulu, Hawaii 96848 Cartographer Gregory Chu





