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How Much Has Fertility
Declined in Uttar Pradesh?

Abstract. Based on a demographic analysis of fertility estimates from India’s first and
second National Family Health Surveys (NFHS-1 and NFHS-2), conducted in 1992-93
and 1998-99, and India’s Sample Registration System (SRS), this report attempts to
provide accurate estimates of fertility levels and trends in the state of Uttar Pradesh.
The primary measure of fertility used in this analysis is the total fertility rate (TFR),
which indicates the average number of children a woman would bear throughout her life

at current age-specific fertility rates.

According to the NFHS-2 report for Uttar Pradesh, a substantial decline in
fertility occurred in the state during the six years between NFHS-1 and NFHS-2.
Unadjusted estimates for the 3-year period preceding each survey indicate that the
TFR declined from 4.82 children per woman in 1990-92 to 3.99 in 1996-98. Be-
cause there was greater displacement and omission of births in Uttar Pradesh in
NFHS-2 than in NFHS-1, however, the unadjusted trend in the total fertility rate
(TFR) estimated from the two surveys is too steeply downward. The trend esti-
mated from the SRS, on the other hand, suffers from underregistration of births.

Correction for displacement and omission of births in NFHS-1 and NFHS-2 and
underregistration of births in the SRS yields a ‘best estimate’ of the trend in the TFR
in Uttar Pradesh that is described by the line, TFR = 11.0639 — .0603 t, where t
denotes time measured in years since 1900. This line implies that the TFR in Uttar
Pradesh fell from 5.55 in 1991 (the midpoint of the three-year period before NFHS-1) to
5.19in 1997 (the midpoint of the three-year period before NFHS-2), a decline of about
0.4 child during the six years between the two surveys.

Estimates of changes in age-specific fertility rates (ASFRs) for 5-year age
groups of women in Uttar Pradesh, as derived from NFHS-1 and NFHS-2, are
severely distorted by differences between the two surveys in the extent of dis-
placement of births. Estimates of changes in ASFRs derived from the SRS are also
severely distorted, primarily because a new SRS sample was introduced in 1993—
95. Because of these problems, neither data source yields accurate estimates of
trends in age-specific fertility rates. On the other hand, we have a good deal of
confidence in our final estimates of TFR, which are not much affected by
misreporting of women's ages or displacement of births to earlier years.
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ssessment of the true trend of fertility in India has significant policy and
programme implications. Thisisbecausethefertility trend isan important
indicator of the degree of success of the government’s family planning
programme. Fertility estimates for the state of Uttar Pradesh are of particular inter-
est because Uttar Pradesh has the largest population and the highest fertility of any
Indian state. The population of Uttar Pradesh exceeds 160 million, and according to
India's Sample Registration System (SRS), the state's total fertility rate (TFR—the
average number of children awoman would bear throughout her life at current age-
specificfertility rates) isabout five children per woman. The Indian government, with
support from the United States Agency for International Devel opment (USAID), has
alarge project in Uttar Pradesh, called the Innovations in Family Planning Services
(IFPS) project, aimed at bringing about asubstantial fertility reduction.

Sincethe mid-1990s, the Ministry of Health and Family Welfare has been rely-
ingincreasingly onthe country’s National Family Health Surveys (NFHS) to monitor
and evaluate the success of its family planning and reproductive and child health
programmes, both nationwide and in individual states, including Uttar Pradesh
(MOHFW 1999). The first such survey (NFHS-1) was conducted in 1992-93, and
the second (NFHS-2) was conducted six years later in 1998-99. The basic NFHS-1
and NFHS-2 reports provide fertility estimatesfor the 3-year period before each sur-
vey. This time period represents a compromise between the need to aggregate over
calendar yearsin order to reduce bias dueto displacement of birthsto earlier yearsand
the need to obtain timely estimates close to the survey date.

As shown in Table 1, NFHS-1 estimated that the total fertility rate (TFR) in
Uttar Pradesh was 4.82 children per woman in 1990-92, and NFHS-2 estimated that
it was 3.99 in 1996-98, indicating a decline of 0.8 child between the two surveys.
Comparable TFR estimatesfrom the SRS, however, are higher than thosefrom NFHS-
1 and NFHS-2, and they indicate a much slower rate of fertility decline. The SRS

Table 1 Comparison of total fertility rate estimates from NFHS-1, NFHS-2, and the
Sample Registration System (SRS), Uttar Pradesh

1990-92 1996-98  (1996-98) — (1990-92)  (1996-98)/(1990-92)
NFHS 4.82 3.99 -0.83 0.83
SRS 5.17 478 -0.39 0.93
NFHS/SRS 0.93 0.84 NA NA

Sources: PRC Lucknow and IIPS (1994) for NFHS-1; IIPS and ORC Macro (2000) for NFHS-2; Registrar General,
India (various years) for the SRS.

Note: NFHS estimates for 1990-92 are from NFHS-1, and NFHS estimates for 1996-98 are from NFHS-2. The
SRS values are simple averages of annual estimates published by the SRS.

NA: Not applicable.

8pertains to 1997. It was not possible to compute the average for 1996-98 because TFR estimates for 1998 were
not available from the SRS at the time of writing.
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estimatesthat the TFRinthe statefell from 5.17in 1990-92t04.78in 1997, adecline
of only 0.4 child. As shown in the last line of Table 1, the NFHS-1 estimate of the
TFR for 1990-92 is 7 percent lower than the comparable SRS estimate, and the
NFHS-2 estimate of the TFR for 199698 is 16 percent lower than the comparable
SRS estimate.

The preliminary NFHS-2 report for Uttar Pradesh (ACNielsen and 11PS 1999)
indicated that NFHS fertility estimates might be biased and promised an eval uation of
their accuracy in a subsequent report. This Subject Report provides the promised
evaluation. The objectiveisto analyze the discrepancies between the different sets of
estimates in order to arrive at a more accurate assessment of true fertility levels and
the true fertility trend in the state. The final set of fertility estimates presented here
also uses information from the SRS. The analytical approach borrows considerably
from earlier studies by Narasimhan et al. (1997) and Retherford and Thapa (2000).

DATA SOURCES

National Family Health Surveys

India sfirst National Family Health Survey (NFHS-1) was conducted during 1992-93.
NFHS-1isanationally representative survey that includes both ahousehold sample,
covering everyonein the sampled househol ds, and anindividual sample, covering all
ever-married women age 13-49 within those households. Corresponding to these
two samples are a household questionnaire and an individual questionnaire. For the
household questionnaire, the household head or any other knowledgeable adult inthe
household responded for the entire household. For theindividual questionnaire, each
ever-married woman between the ages of 13 and 49 responded for herself.

NFHS-1 used defacto samples, meaning that all personswho slept in the house-
hold during the night before the interview were included—both visitors and regul ar
household members. Questions cover arange of topicsin theareas of fertility, family
planning, and maternal and child health. Within NFHS-1, the Uttar Pradesh sample
comprises 11,438 compl eted interviews of ever-married women in 10,110 households
for which ahousehold questionnaire was compl eted.

The basic design of the second National Family Health Survey (NFHS-2), con-
ducted in 1998-99, is similar to the design of NFHS-1 except that the individual
samplein NFHS-2 includes ever-married women age 15-49 instead of 13-49. Within
NFHS-2, the Uttar Pradesh sample comprises 9,292 completed interviews of
ever-married women in 8,682 househol ds.

Both NFHS-1 and NFHS-2 were designed to provide not only national esti-
mates but also state-level estimates. In some states the sample was self-weighting,
and in othersit wasweighted. A weighted sample designh was used for Uttar Pradesh
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in both surveys, and the results reported here are based on the wei ghted data. Thetwo
survey reports for Uttar Pradesh (PRC Lucknow and 11PS 1994; IIPS and ORC
Macro 2001) provide further details on the sample design.

Sample Registration System (SRS)

In the absence of acomplete and reliable civil registration systemin India, the Office
of the Registrar General established a Sample Registration System (SRS) in 196465
on a pilot basis. This was expanded into a full-scale system in 1969—-70. Since the
early 1970s, the Sample Registration System has been the authoritative source of
fertility estimatesfor the country.

The SRSisin essence ademographic sample survey that provides national and
state-level estimates of fertility and mortality on an annual basis. The systemincludes
both continuous registration and six-monthly surveys to catch missed events. It is
based on a nationally representative sample of villages and urban blocks. The sam-
pling unitinrural areasisan entire village or asegment of any village with apopula-
tion of 1,500 or more. In urban areasthe sampling unit isacensus-enumeration block
with apopulation ranging from 750 to 1,000.

The SRS sample currently includes 6,671 sampling units (4,436 in rural areas
and 2,235 in urban areas), comprising about 1.1 million households and about 6 million
population. The SRS samplefor Uttar Pradesh includes 650 sampling units (450 rural
and 200 urban), comprising about 650,000 population.

Estimates of fertility from the SRS are derived by a dual-record method. To
understand how thismethod works, it isuseful to consider thefollowing basic charac-
teristics of the SRS (Narasimhan et al. 1997):

e Thereisalocal part-time enumerator for each sample unit.

e When aunitisfirst included in the system, staff from the state or district census
directorate conduct a baseline survey with assistance from the local part-time
enumerator. The baseline survey isacomplete census of the sample unit. In prin-
ciple al baseline surveys take place on 1 January, but in practice most baseline
surveystake placein January or February, and afew take placein March. House-
hold informants are asked to provide the ages of household members as of 1
January, even if the baseline survey istaken later. Agesin the household register
are subsequently updated once a year on 1 January.

e Theloca part-timeenumerator isrespons blefor continuous enumeration of births
and deaths asthey occur in the sample unit. In the case of births, the recorded age
of the mother at childbirth is her age as of the last update on 1 January.

e Every six months, afull-time supervisor from state or district headquarterstakes
an independent survey to record births and deaths in the previous six months.
These surveysare scheduled for 1 January and 1 July. At thetime of the half-yearly
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surveys, the supervisor also updates the house listing in the sample unit and the
household registers.

e Ageisrecordedinthe half-yearly surveys, but the procedureis simply to transfer
updated ages from the household register to the survey schedule. When conduct-
ing the half-yearly survey at the beginning of the year, the supervisor updatesthe
agesof all household membersin the household register by adding oneyear asof 1
January (Registrar General, India 1998b; Deputy Registrar General S. K. Sinha,
personal communication). Agesare not updated during the midyear survey.

e After ahaf-yearly survey, all births and deaths from the two sources (the con-
tinuous register and the half-yearly survey) are matched at state or district head-
quarters using information on house number, name of household head, name of
mother (for births), name of deceased (for deaths), residence status of all house-
hold members (usual resident present, usual resident absent, in-migrant present,
in-migrant absent, visitor), and month of occurrence and sex of the birth or death.
All unmatched and partially matched events are verified in the field by a third
person or by the supervisor and enumerator together, and afinal list of birthsand
deaths is prepared.

e Crude birth rates are calculated by pooling births from the final list of births for
two half-yearly surveys covering January—December and dividing this estimated
number of births by the estimated midyear population as obtained from the up-
dated household registers. Crude death rates, age-specific fertility rates, and
age-specific mortality rates are calculated similarly.

e The half-yearly survey collectsinformation about births and deaths occurring to
visitorsaswell asusual residents, but theinformation on visitorsisnot used in the
calculation of fertility and mortality rates.

DATA QUALITY

National Family Health Surveys

Interview completion rates provide a useful first assessment of the quality of any
survey data. Household interviews were completed for 96 percent of the households
selected for the survey sample in NFHS-1 and for 90 percent in NFHS-2. Within
households with completed household interviews, individual interviews were com-
pleted for 97 percent of eligible women in NFHS-1 and for 93 percent of women in
NFHS-2. The number of eligible women with completed interviews per household
declined from 1.13 to 1.07 between the two surveys. This declineis not explained by
any change in the total number of eligible women per household, which went down
marginally from 1.16 to 1.15, but rather by a decline in the proportion of eligible
women for whom interviews were completed.
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The relatively low completion rates in NFHS-2 are consistent with other evi-
dence that the consulting organization hired to do the fieldwork in Uttar Pradesh cut
short the number of daysallotted to compl ete interviewsin the primary sampling units
(avillage, asegment of avillage, or an urban block) in order to conserve funds, with
the result that interviewers often did not have enough time to complete their assign-
ments, especially for callbacks in instances where a household informant or an eli-
gible woman within the household was not at home the first time the interviewer
visited the household (I11PS 1999).

Noncompletion rateswould not biasfertility estimatesif they wererandom. Itis
possible, however, that field staff trying to maximize the number of completed inter-
viewswould be morelikely to leave out eligible women with larger numbers of chil-
dren. Thiskind of selective noncompletion would biasfertility estimates downward.

The correct estimation of fertility from survey data requires accurate reporting
of the ages of women and children. Only 8 percent of the women in Uttar Pradesh
who were interviewed in either NFHS-1 or NFHS-2 knew their year of birth, even
after probing. Every woman provided an age, however, or the interviewer estimated
it, because interviewers were required to make an entry for age. Children’s ages
were recorded as reported by their mothers.

Thefirst step in assessing the quality of age reporting in NFHS-1 and NFHS-2
is to examine the distribution of the population by age. Figures 1 and 2 show age
distributions for femalesin the two surveys. Figures 1aand 1b give age distributions
derived from the household samples. Both surveys show evidence of substantial
heaping on agesending in 0 or 5, but age heaping is much greater in NFHS-2 than in
NFHS-1, indicating adeclinein the quality of age reporting between the two surveys.

Figures2aand 2b are similar to Figures 1laand 1b, except that the ages of ever-
married women of reproductive age are derived from the individual sample. Ages of
other females are derived from the household sample asin Figure 1. The ages from
the individual sample, which were obtained from the women themselves after some
probing for accuracy, are presumably more accurate than the ages from the house-
hold sample, which were obtained from household heads or other knowledgeable
adults with little or no probing. As expected, Figures 2a and 2b show much less age
heaping within the reproductive ages than do Figures 1a and 1b. The heaping that
remainsisstill much greater in NFHS-2 thanin NFHS-1, however, againindicating a
declineinthe quality of age reporting between the two surveysin Uttar Pradesh.

During the six years between the two surveys, respondents’ knowledge of their
ages would have changed very little. Rather, the amount of age heaping in the final
survey results depends a great deal on the extent to which interviewers probe to get
accurate information on age. Vigilant supervisioninthefield iscrucial to ensure that
interviewers do indeed probe and that they adhere to survey guidelines on how to
obtain accurate information on age, as emphasi zed during the three weeks of training
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Figure 1la Female age distribution, with ages taken solely from the household
guestionnaire: Uttar Pradesh, NFHS-1, 1992-93
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Figure 1b Female age distribution, with ages taken solely from the household
questionnaire: Uttar Pradesh, NFHS-2, 1998-99
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Figure 2a Female age distribution, with ages of ever-married women age 13-49 taken
from the individual questionnaire and ages of other women taken from the household
guestionnaire: Uttar Pradesh, NFHS-1, 1992-93
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Figure 2b Female age distribution, with ages of ever-married women age 15-49 taken
from the individual questionnaire and ages of other women taken from the household
guestionnaire: Uttar Pradesh, NFHS-2, 1998-99
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for interviewers and supervisors. The greater age heaping in NFHS-2 than in NFHS-1
suggests that interviewers and their supervisors made less effort to obtain accurate
information on age during the second survey.

A common measure of age heapingisMyers' Index, which providesan overall
summary of preferences for, or avoidance of, ages ending in specific digits. Table 2
shows values of Myers' Index for the age range 1069 in the household samples for
both surveys. The table consistently shows less digit preference for females than for
mal es, indicating that interviewers made an extraeffort to get accurate ages of women
in the household questionnaire. In both surveys, the value of Myers' Index for fe-
malesisreduced by slightly more than half when the ages of ever-married women of
reproductive age are taken from theindividual questionnaireinstead of the household
guestionnaire. Regardless of which set of ages is used, however, the value of the
index approximately doubles between NFHS-1 and NFHS-2, indicating major dete-
rioration in the quality of age reporting between the two surveys.

At age 50, thereisno heapingin NFHS-1 but major heaping in NFHS-2. During
training, interviewerswereinstructed to exercise special carein assigning age50to a
woman because women age 49 were eligiblefor theindividual interview, but women
age 50 were not. In Uttar Pradesh, this problem was clearly addressed much more
conscientioudy inNFHS-1 thanin NFHS-2. Someinterviewersmay even have rounded
up the ages of some women to 50 intentionally in order to reduce the number of
women they would have to interview. They may have been particularly motivated to
round up the ages of women with large numbersof children, all of whom would have
had to berecorded in alengthy birth history. Rendering high-fertility women indligible
for the individual interview by rounding their ages up to 50 would contribute to an
underestimation of fertility.

At thehigher childhood ages, thereis considerable heaping on ages 8, 10, and 12
in both surveys, but more soin NFHS-2 thanin NFHS-1. Heaping on ages 8, 10, and
12 is commonly observed in south Asian countries (Retherford and Alam 1985). In
this respect, the two surveys are typical.

In both NFHS-1 and NFHS-2, young children who were reported as older than
they were became ineligible for alarge block of questions. Interviewers could thus
reduce their workload by this type of age exaggeration, which is equivalent to dis-
placement of births to earlier years. The cutoff age for the large block of questions
pertaining to young children was approximately 5 yearsin NFHS-1 and 4 yearsin
NFHS-2. (These cutoff ages are approximate because the cutoff actually was speci-
fied in terms of a date of birth rather than an age.)

Figure 2a shows no heaping on age 5in NFHS-1. Thereis, however, consider-
able heaping on age 6, some of which may reflect intentional exaggeration of children’s
ages. InFigure 2b, the proportion of girlsage4in NFHS-2 isconsiderably larger than
the proportion age 3, suggesting that some interviewers exaggerated children’s ages
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Table 2 Myers’ Index for NFHS-1 and NFHS-2, Uttar Pradesh

Females
(with ages copied over
Survey Males Females from individual questionnaire)
NFHS-1 23.6 16.3 7.5
NFHS-2 36.0 31.8 15.3

in order to lighten their workload. Thistype of age exaggeration, which isequivalent
to displacing births backward in time, also has the effect of lowering fertility esti-
mates for the years immediately preceding a survey.

Because of considerable preference for sons over daughters in Uttar Pradesh,
estimated sex ratios at birth provide another useful indicator of data quality. The sex
ratio at birth isbiologically determined for the most part and is usually close to 105
mal e birthsfor every 100 female births, or aratio of 1.05. If female birthsare omitted
more often than male births, thisratio will be higher than 1.05. Women who forget to
mention children who have died or moved away are more likely to omit girls than
boys. They arealso morelikely to omit children born several years beforethe survey
than children born morerecently. If such omissions are common, then the sex ratio at
birth, as ascertained from women’s birth histories, will become progressively higher
(more males than females) in earlier years before the survey.

Table 3 showsthat the sex ratio at birthiscloseto 1.05 for birthsin thefirst five
years before both NFHS-1 and NFHS-2. In NFHS-1, theratio increasesto 1.10 and
1.08 in the second and third five years before the survey, whilein NFHS-2, theratio
increasesto 1.10 and 1.16. These results support the hypothesis that respondents are
more likely to omit female births and births that occurred in the more distant past.
They also suggest more omission of birthsin NFHS-2 thanin NFHS-1.

The pattern of sex ratios at birth shown in Table 3 could occur, however, if
female births during thefirst five years before the survey were morelikely than male
births to be omitted but male births were more likely to be displaced backward in
time. The possible distorting effects of differential displacement by sex can be mini-
mized by considering the sex ratio at birth for the entire 15-year period before the survey.

Table 3 shows that, for the 15-year period before each survey, the sex ratio at
birth was 1.08 in NFHS-1 and 1.09 in NFHS-2. The nearly equal values of 1.08 and
1.09 do indeed suggest that the higher sex ratios at birth in the second and third five
years before each survey stem partly from differential displacement by sex, with
male births during the first five years before each survey more likely than female
births to be displaced to earlier years. The finding that the sex ratio at birth is at or
closeto the expected value of 1.05 during the first five years before each survey also
suggeststhat greater omission of female birthsin the most recent five yearsis coun-
terbalanced by greater displacement of male birthsto earlier periods.
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Table 3 Male births, female births, and the sex ratio at birth: NFHS-1, NFHS-2, and the
SRS, Uttar Pradesh

Data source Sex ratio at birth
and time period Male births Female births (M/F) x 100
NFHS-1
1978-82 4,443 4,104 108
1983-87 5,300 4,815 110
1988-92 5,145 4,888 105
1978-92 14,888 13,807 108
NFHS-2
1984-88 3,824 3,307 116
1989-93 4,339 3,951 110
1994-98 3,906 3,774 104
1984-98 12,069 11,032 109
SRS
1981-90 — — 112

In sum, thereisevidence of misreporting of women’sand children’sages, omis-
sion of eligiblewomen, and omission and displacement of birthsin both NFHS-1 and
NFHS-2 results for Uttar Pradesh. These problems are al more prevalent in NFHS-
2 thanin NFHS-1.

Sample Registration System

In the SRS in Uttar Pradesh, there is evidence of considerable underregistration of
births. Later in this report, we estimate that TFRs from the SRS must be upwardly
adjusted by about 6 percent to allow for underregistration.

The extent of age misreporting in the SRS cannot be ascertained easily because
the SRS does not publish age distributions by single years of age. Thus, one cannot
examine heaping on agesending in 0 and 5 or compute avalue of Myers' Index. Age
misreporting islikely to be even more seriousinthe SRSthanin NFHS-1 and NFHS-
2, however, because the two surveys devoted much more effort to obtaining accurate
information on age thanistypically donein the SRS.

Aswill bediscussed in more detail later, changesin the pattern of age misreporting
also occur in the SRS related to changeovers in the sample of registration areas
(villages and urban blocks). Sincethe early 1980s, the SRS sample has been replaced
twice, once in 1983-85 using the 1981 Census as the sampling frame and again in
1993-95 using the 1991 Census as the sampling frame.

The SRS does not normally report sex ratios at birth, but a special report did
release state-level sex ratios at birth from the SRS for the period 1981-90 (Registrar
General, India1996). Asshownin Table 3, the SRS sex ratio at birth in Uttar Pradesh
for this 10-year period is 1.12, indicating substantial underregistration of female
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births and undoubtedly some underregistration of male births as well. Because
this is the only reported sex ratio at birth ever released by the SRS for Uttar
Pradesh, it is not possible to discern whether birth registration has become more
complete over time.

METHODS

In this Subject Report, annual fertility estimates from the SRS are taken from pub-
lished SRS reports. Fertility estimates for periods of more than one year are calcu-
lated as simple unweighted averages of annual estimates. Estimates of fertility from
NFHS-1 and NFHS-2 are derived using two methods: (1) the birth-history method
and (2) the own-children method. In the present analysis, the own-children method is
preferred for reasons that will be explained.

Birth-history method

The birth-history method is one of two methods we use to derive fertility estimates
fromNFHS-1 and NFHS-2. The method is straightforward. One simply countsbirths
by age of mother as reported in the birth histories for each calendar year up to the
15" year before the survey. Similarly, one counts woman-years of exposure to the
risk of birth by woman’s age, also for each calendar year up to the 15" year before
the survey. Then, for each calendar year or group of calendar years, one divides the
number of birthsto women in each 5-year age group by the number of woman-years
of exposure among women in the same 5-year age group to obtain an age-specific
fertility rate (ASFR).

A total fertility rate (TFR), defined as the average number of children awoman
would bear throughout her life at current age-specific fertility rates, can then be
calculated by summing ASFRsin 5-year age groups from 15-19 to 45-49 and multi-
plying the sum by five. Base calculations are actually done in months, and rates are
converted to ayearly basis at the end of the calculations. In the calculation of these
variousfertility rates, which pertainto all women and not just to ever-married women,
it is assumed that never-married women (for whom birth histories are not collected
but who are included in the NFHS household samples) have had no births.

We cannot calculate a complete set of ASFRs for each of the 15 years before
each survey because the birth-history method is subject to problems of age trunca-
tion. Following usual practice, NFHS-1 and NFHS-2 collected birth histories from
ever-married women up to age 50. The oldest women covered were thus only 44
years old five years before each respective survey, so we cannot calculate an ASFR
for women age 4549 for yearsearlier than five yearsbefore the survey. Similarly, 15
years before each survey, the oldest women in the sample were only 34 years old.
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Thus, comparable measures of overall fertility for each of the 15 yearsbefore thetwo
surveys can only be based on fertility up to age 35. A suitable summary measure of
fertility that is comparable over the entire period is CFR(35), the cumulative fertility
rate up to age 35. Thismeasure is calculated by adding ASFRs in 5-year age groups
from 15-19 to 30—34 and multiplying the sum by five.

Own-children method

The own-children method is a reverse-survival method for estimating age-specific
fertility rates (ASFRs) and other fertility measures for years before a census or
household survey. Because the household samples from NFHS-1 and NFHS-2 in-
cludewomen of all ages, afull set of ASFRs—and, therefore, a TFR—out to age 45—
49 can be calculated using this method for each of the 15 years before each survey.

In the own-children method, enumerated children are first matched to mothers
within households, based on answers to questions on age, sex, marital status, and
relation to head of household or line number of mother in the household listing, if
available. A computer algorithm is used for matching. The matched (i.e., own) chil-
dren, classified by their own age and mother’s age, are then reverse-survived to esti-
mate numbers of birthsby age of mother in previousyears. Reverse-survival issimilarly
used to estimate numbers of women by age in previous years. After adjusting for
unmatched (i.e., non-own) children, age-specific fertility ratesare cal culated by divid-
ing the number of reverse-survived births by the number of reverse-survived women.

Estimates are normally computed for each of the 15 years before a survey or
census. Initial calculationsare by singleyears of age and time. Estimatesfor grouped
ages or grouped calendar years are obtained by aggregating single-year numerators
(births) and denominators (women) and dividing the aggregated numerator by the
aggregated denominator. Aswe shall see, such aggregation is useful for minimizing
the distorting effects of age misreporting on fertility estimates (Cho, Retherford, and
Choe 1986).

The reverse-survival calculations require life tables. These were derived from
SRS life tables for 197680, 198185, 198892, and 1991-95 (Registrar General,
India1986; 1990; 1995; 1998a). To obtain lifetablesfor each year within the 15-year
period 1978-92 before NFHS-1, we used the SRS life tablesfor the periods 1976-80
and 1988-92. For purposes of interpolation and extrapolation, we considered thelife
tablesto belocated at the midpoints of the two periods, namely at 1978.5 and 1990.5,
and assumed linear change in between. Each of the two life tables specifies a set of
age-specific probabilities of dying. Welinearly interpolated or extrapol ated these two
sets of probabilities to obtain a set of age-specific probabilities for each year within
the 15-year period 1978-92. We then calculated a complete life table from each set
of age-specific probabilities of dying. Thiswas done separately for malesand females.
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We used a similar procedure to obtain life tables for each of the 15 years pre-
ceding NFHS-2. In this case, we used the SRS life tables for 1981-85 and 199195
asthe basisfor interpolation and extrapolation.

It should be noted that the own-children fertility estimates are not affected much
by errorsin the mortality estimates used for reverse-survival. One reason is that the
reverse-survival ratios used to back-project children and women are both fairly close
to 1.00, and the other reason is that errors in the reverse-survival ratios used to
back-project birthsfrom children in the numerators of age-specific fertility rates can-
cel to some extent errorsin the reverse-survival ratios used to back-project womenin
the denominators (Cho, Retherford, and Choe 1986).

We prefer the own-children method for generating fertility estimatesfrom NFHS-
1 and NFHS-2 because, unlike the birth-history method, it yields a complete set of
age-specific fertility rates between 15-19 and 4549 for each of the 15 years before
each survey. This makes it possible to calculate a TFR for each of the 15 years as
well asa TFR for the 15-year period as a whole.

In order to validate the use of the own-children method for deriving fertility
estimates, however, wefirst compared fertility estimates derived by thismethod with
estimates derived by the birth-history method. Because of the problem of age trunca-
tion in the birth-history method as one goes back in time, comparable estimates of
fertility for each of the 15 years preceding NFHS-1 or NFHS-2 can be generated
only up to age 35. For this reason, an appropriate summary measure of fertility for
comparing the two methodsis cumulative fertility up to age 35, or CFR(35).

Figure 3 shows 15-year trends in CFR(35) derived from each of the two sur-
veys. Figure 3acomparesfertility trends derived by the own-children method and the
birth-history method for NFHS-1, and Figure 3b compares trends for NFHS-2. In
each case, the two sets of estimates are in close agreement, justifying the use of the
own-children method in the remainder of thisreport.

FINDINGS

Trends in the total fertility rate (TFR)

Figure 4 shows overlapping trendsin the TFR from NFHS-1, NFHS-2, and the SRS
in Uttar Pradesh, based on annual estimates of the TFR. The trends based on NFHS-
1 and NFHS-2 each show sharp peaks in the 9", 11", and 13" years before the
survey, reflecting heaping of children’sageson 8, 10, and 12 years. Thistype of age
misreporting is more severe in NFHS-2 than in NFHS-1. The trends based on the
SRS are much smoother because births are recorded in the year in which they occur
so that children’s ages do not enter into the calculation of fertility estimates. The
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Figure 3a Birth-history and own-children estimates of cumulative fertility rates,
CFR(35): Uttar Pradesh, NFHS-1, 1978-92
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Figure 3b Birth- history and own-children estimates of cumulative fertility rates,
CFR(35): Uttar Pradesh, NFHS-2, 1984-98
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Figure 4 Overlapping trends in the TFR, estimated from NFHS-1, NFHS-2, and the SRS:
Uttar Pradesh

trends derived from the two NFHS surveys show clear evidence of displacement of
births out of the first four years before each survey to earlier years.

Table 4 shows fertility estimates for three 5-year periods and for the entire 15-
year period before NFHS-1 and NFHS-2. Estimates for the 15-year periods are
shown in boldface. For the SRS, the table shows estimates for four 5-year periods
that overlap the periods covered by NFHS-1 and NFHS-2. The fertility estimates
from NFHS-1 and NFHS-2 are generated by the own-children method, while 5-year
estimates from the SRS are ssimple unweighted averages of annual estimates. Asis
aready apparent from Figure 4, aggregation into three 5-year time periods does not
give an accurate picture of fertility trends for NFHS-1 and NFHS-2 because dis-
placement of births to earlier years produces an underestimate of the TFR for the
first 5-year period before each survey. In addition, severe heaping on age 10 pro-
duces an overestimate of the TFR for the period 10-14 years before each survey.

A comparison of the various estimates in Table 4 indicates a number of incon-
sistencies. Looking first at the within-survey estimatesfor 5-year time periodsderived
fromNFHS-1 and NFHS-2, we see asteep declinein TFR during the 15 years preced-
ing each survey. These two within-survey trends are, however, quite inconsi stent with
each other. The within-survey trend estimated from NFHS-1 shows adrop from 6.74
children per woman in 1978-82t0 5.00 in 198892, whereas the within-survey trend
from NFHS-2 shows a drop from 6.27 in 1984-88 to 4.32 in 1994-98. Within the
period of overlap, the estimate for 1989-93 from NFHS-2 and the estimate for 1988—



Table 4 Trends in age-specific fertility rates (ASFRs) and total fertility rates (TFRs) from NFHS-1, NFHS-2, and the SRS, Uttar Pradesh

/T "ON ‘shiodey 199/0ns Aenns yijesH A|iure feuoireN

NFHS-1 NFHS-2 SRS

Fertility

measure  1978-82 1983-87 1988-92 1978-92 1984-88 1989-93 1994-98 1984-98 1978-82 1983-87 1988-92 1993-97

ASFRs
15-19 170 145 106 136 190 174 110 152 97 90 78 49
20-24 340 320 263 302 340 311 238 290 271 280 272 262
25-29 334 315 267 301 309 288 234 273 281 280 262 268
30-34 242 231 194 219 222 201 157 189 235 218 201 203
35-39 154 132 109 129 112 102 82 97 157 144 136 124
40-44 79 a7 46 58 57 39 31 41 81 76 68 67
45-49 29 17 16 21 23 17 13 18 41 37 29 28

TFR 6.74 6.03 5.00 5.84 6.27 5.66 4.32 5.30 5.82 5.63 5.22 5.01

44




23

National Family Health Survey Subject Reports, No. 17

92 from NFHS-1 should agree rather closely, but they do not. Indeed, the two esti-
mates—at 5.66 and 5.00—differ by two-thirds of a child.

Based on within-survey estimates for the first and third 5-year periods before
each survey, the annual rates of decline in the TFR average 0.174 child per woman
per year in NFHS-1 and 0.195 child per woman per year in NFHS-2. In contrast, a
comparison between the two surveys, computed using the two 15-year estimates of
the TFR, indicates a much more gradual between-survey decline from 5.84 for the
period 1978-92 to 5.30 for the period 198498, averaging 0.088 child per woman per
year. (Inthecalculation of averagerates of decline, TFRsare dated at the midpoints of
the time periods to which they pertain.) The SRS estimates in Table 4 indicate a
downward trend that is even more gradua than the between-survey trend derived
from NFHS-1 and NFHS-2. SRS estimates of the TFR declinefrom 5.82in 1978-82
to 5.01 in 1993-97, implying an average rate of decline of 0.054 child per woman per
year.

Quite clearly, each of the two within-survey estimates of the trend in TFR,
based on 5-year time periods, starts too high and ends too low. The between-survey
estimate, based on two 15-year time periods, looks much more reasonable and is
much closer to the trend estimated from the SRS. Aggregation over 15-year time
periods doesarather good job of minimizing the distorting effects of displacement of
birthsinthetwo surveys. Inthisregard it hel psthat thereis no heaping at all on age 15
inNFHS-1 and only amodest amount of heaping onage15in NFHS-2 (Figure 2). To
be sure, even when thereisno heaping on age 15, there can still be anet displacement
of births across the 15-year boundary. The number of displaced birthsis, however, a
very small proportion of the total number of births during the 15 years before the
survey so that any remaining biasfrom displacement isvery small.

Itisclear fromthisanalysisthat fertility trendsderived from NFHS-1 and NFHS-
2 are more accurate if calculated for the two 15-year periods preceding the surveys
than if calculated for shorter periods. Thisis mainly because aggregation over 15-
year periods minimizes biasfrom displacement of birthsto earlier years. To refine our
earlier estimate of the fertility trend between NFHS-1 and NFHS-2 (Table 4), we
calculate TFRsfor the 15-year periods before the two surveys, date thetwo TFRs at
the midpoints of their respective 15-year periods, plot thetwo dated TFRson agraph
of TFR against time, and draw aline between the two points. The two-point formula
for thislineyields an equation that can then be used to compute a predicted value of
TFR at any given point in time. This calculation procedure seems reasonable inas-
much as the true fertility trend in Uttar Pradesh appears to be approximately linear,
judging fromthe nearly linear year-by-year sequence of TFR estimatesfrom the SRS
in Figure 4. The equation of the line constructed in thisway is:

TFR = 13.3623 —.0880 t (1)
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Table 5 Estimates of the total fertility rate for 1990-92 and 1996-98, Uttar Pradesh

Data source and method 1990-92 1996-98 Estimated decline
NFHS
Raw values 4.82 3.99 0.83

Linear model with no upward
adjustment to either of the two 15-
year TFRs from the two surveys? 5.31 4,78 0.53

Linear model with NFHS-1 TFR not
adjusted and NFHS-2 TFR adjusted
upward by 4.72% for omission of

births® 5.55 5.27 0.28
SRS
Raw values 5.17 4,78 0.39

NFHS and SRS (combined data)
Linear model with NFHS-1 TFR
adjusted upward by 1.24% and
NFHS-2 TFR adjusted upward
by 4.72% (best estimate)® 5.55 5.19 0.36

International regression line? 5.91 5.33 0.58

Note: The NFHS raw values are from the basic NFHS-1 and NFHS-2 survey reports. The SRS raw value for
1990-92 is a simple average of annual TFRs published by the SRS for 1990-1992, but the SRS raw value for
1996-1998 pertains to 1997 only. It was not possible to compute the average for 1996-98 because TFR estimates
for 1998 were not available from the SRS at the time of writing. Our ‘best estimates’ are highlighted in boldface.
Differences in the last column are calculated from more exact values than shown in the first two columns.

8A linear trend is derived using the 2-point formula for a line, based on two TFRs, estimated for the 15-year period
before each survey and dated 7.5 years before the survey. The equation of the line is TFR = 13.3623 — .0880 t.
The TFRs shown are generated by substituting 91.5 and 97.5 for t.

bBefore fitting a line using the procedure described in footnote a, the TFR is adjusted upward by 4.72 percent to
correct for omitted births in NFHS-2. The equation of the line is TFR = 9.8665 — .0471 t.

“The procedure for fitting this line is somewhat involved and described in the text. In effect, the TFR for the 15-
year period preceding NFHS-1 is adjusted upward by 1.24 percent to correct for omitted births in NFHS-1, the
TFR for the 15-year period preceding NFHS-2 is adjusted upward by 4.72 percent to correct for omitted births in
NFHS-2, and a line is drawn using the 2-point formula for a line, based on the two upwardly adjusted TFRs, each
dated 7.5 years before the survey. The equation of the line is TFR = 11.0639 — .0603 t.

YThe equation of the international regression line is TFR = 7.2931 — 0.0700 CPR, where CPR denotes the
contraceptive prevalence rate. Estimates shown pertain to the time of each survey rather than the 3-year period
before the survey.

®pertains to 1997.

wheret denotestime measured in years since 1900. The annual rate of declinein the
TFR isgiven by the coefficient of t, which indicates arate of decline of 0.088 births
per woman per year. As shown in Table 5, predicted TFRs for 1991.5 and 1997.5
(obtained by substituting 91.5 and 97.5 for t in the equation), corresponding to the
midpoints of the three-year periods before NFHS-1 and NFHS-2, are 5.31 and 4.78.

Thisestimated declineistoo steep, however, because omission of birthsisgreater
in NFHS-2 thanin NFHS-1. We can improve the procedure by adjusting the TFR for
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the 15-year period before NFHS-2 to account for the greater omission of birthsin
NFHS-2 before applying the two-point formula for a line. The rate of omission of
birthsin NFHS-2 isavailable from the special post-survey eval uation check that was
conducted in Uttar Pradesh about six months after the main survey (11PS 1999). In 19
selected PSUs, women interviewed in NFHS-2 were re-interviewed, and the two ac-
counts of their birth histories were compared. Altogether, 1,314 births were reported
in the original survey, and 1,376 births were reported for the same women in the
evaluation check, indicating that the TFR for the 15-year period before NFHS-2 should
be adjusted upward by afactor of 1.0472. (This correction factor actually pertainsto
al children ever born to eligible women, but here we apply it specifically to those
births that occurred during the 15-year period before the survey.)

We cannot adjust the TFR in Uttar Pradesh for the 15-year period before NFHS-1
in the same way because no evaluation check was conducted after NFHS-1 that
would allow the calculation of a correction factor. We expect, however, that fewer
birthswere omitted in NFHS-1 than in NFHS-2 because of the generally higher qual-
ity of data in the earlier survey. When the 15-year TFR from NFHS-2 is adjusted
upward by afactor of 1.0472 and the 15-year TFR from NFHS-1 is |eft unadjusted,
thetrend line derived by using the 2-point formulais:

TFR =9.8665—.0471t 2

Predicted values for 1991.5 and 1997.5 are 5.55 and 5.27, as also shown in Table 5.
Because equation (2) assumes an omission rate of zero for NFHS-1, the rate of
declineindicated by this equation (as specified by the coefficient —.0471) is, however,
too gradual.

Our ‘best estimate’ of the trend line for the TFR in Uttar Pradesh begins with
the annual TFRs published by the SRS and adjusts these TFRs for underregistration
of birthsusing corrected results from NFHS-2. We assume that the NFHS-2 estimate
of the 15-year TFR for 1984-98, adjusted upward by afactor of 1.0472 based on the
the post-enumeration check, is correct. Thisupwardly adjusted TFR is calculated as
5.3001 x 1.0472 = 5.5503. The next step isto calculate a correction factor for TFRs
from the SRS as the ratio of 5.5503 to the unweighted average of annual TFRs pub-
lished by the SRS for the same 15-year time period. (When taking this average, the
SRS 1997 value of the TFR is used aso for 1998 since the 1998 value was not
available at thetime of writing.) Thisratio iscalculated as 1.0639.

In a similar fashion, we also calculated the ratio of the 15-year TFR for the
period 1978-92 from NFHS-1 to the unweighted average of annual TFRs for the
same 15-year period from the SRS. The ratio between these two 15-year TFRs is
1.0507. The estimated correction factor of 1.0639, based on data from NFHS-2 and
the SRS, compares well with the estimated correction factor of 1.0507, based on data
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from NFHS-1 and the SRS. The small difference is due presumably to an omission
rate of approximately 1 percent of birthsin NFHS-1.

Assuming that the degree of completeness of birth registration in the SRS has
been constant over time, the correction factor of 1.0639 can be used to correct each
annual SRS estimate of the TFR between 1978 and 1998. We multiply each unad-
justed annual SRS estimate of the TFR by 1.0639 to yield a set of adjusted annual
estimates. In order to be consistent with the procedure used to obtain equations (1)
and (2), thetwo-point formulaisagain used tofit aline. To obtain the two points, two
averagevalues of the adjusted annual TFR estimates are cal cul ated, onefor the period
1978-92 and the other for the period 1984-98, with the two values dated at the
midpoints 1985.5 and 1991.5.

The equation of theline obtained from the two-point formulais:

TFR =11.0639 —.0603 t (3)

In effect, this equation adjusts TFRs from the SRS to agree with the 15-year TFR
from NFHS-2, upwardly adjusted by afactor of 1.0472, whileretaining theslope(i.e.,
the rate of TFR decline) implied by the upwardly adjusted TFRs from the SRS for
each calendar year. We obtain estimates of the TFR for the 3-year period preceding
each survey by substitutingt = 91.5 and t = 97.5 into the right side of equation (3),
yielding TFRs of 5.55 in 1990-92 and 5.19 in 199698, as shown in Table 5. These
are our best estimates of the TFR for the two 3-year time periods.

From equation (3) we can also estimate more precisely the rate of omission of
births in NFHS-1. The mean date of interview in NFHS-1 was 1992.96, and the
midpoint of the 15-year period preceding NFHS-1 was 7.5 years earlier than this, or
1985.46. Substituting t = 85.46 into equation (3), we obtain apredicted TFR of 5.9107.
Theratio of thisvalueto the 15-year TFR, which was obtained earlier by applying the
own-children method to NFHS-1 data, is 1.0124. This correction factor for omitted
births in NFHS-1 is considerably smaller than the correction factor of 1.0472 for
omitted birthsin NFHS-2, consistent with other indicationsthat data quality ishigherin
NFHS-1thanin NFHS-2.

The correction factors for TFRs, based on 15-year aggregated data, are not
affected much by displacement of births or misreporting of women’sages. Asalready
mentioned, the net number of birthsdisplaced to earlier yearsfrom the 15-year period
before each survey isvery small compared with the total number of birthsin the 15-
year period. Similarly, misreporting of women’sages movesvery few births out of the
1549 age range because fertility for the youngest and oldest age groupsisvery low.
Thus age misreporting has little effect on estimates of the TFR from NFHS-1 and
NFHS-2 data. For the same reason, age misreporting in the SRS also has little effect
on TFR estimates derived from that source.



27

National Family Health Survey Subject Reports, No. 17

Age-specific fertility rates (ASFRs)

Fertility rates calculated for 5-year age groups of women are more susceptibleto bias
dueto age misreporting and displacement of birthsthan aretotal fertility rates. Figure
5 shows age-specific fertility rates (ASFRs) for women in 5-year age groups during
the 3-year periods before NFHS-1 and NFHS-2 along with comparable SRS esti-
mates. For the more recent time period, SRS estimates are for the 2-year period
199697 instead of the 3-year period 199698 because SRS fertility estimates for
1998 were not available at the time of writing.

Figure 5asuggeststhat the comparatively small fertility decline between 1990—
92 and 199697 estimated from the SRS stemmed primarily from fertility reduction at
ages 1519, 20-24, and 35-39, with the biggest drop occurring at 15-19. Inasmuch
asthe proportion currently using contraception increased only marginally, from3to 5
percent at 15-19 and from 7 to 12 percent at 2024, most of the fertility decline at
these ages, if real, would have to have occurred because of increasesin age at mar-
riage. In fact, this apparent decline in the ASFR among young women results from
changes in the pattern of age misreporting caused by the phasing in of a new SRS
sample over the period 1993-95, aswe shall explain shortly. Thefertility estimatesfor
1990-92 from NFHS-1 and for 1996-98 from NFHS-2, as shown in Figure 5b, indi-
cate no fertility decline at age 15-19 but substantial declines at older ages.

The age pattern of fertility decline shown in Figure 5b, based on NFHS-1 and
NFHS-2, is partly spurious, stemming from the sharp decline in the quality of age
reporting between thetwo surveys. As already mentioned, in demographic surveys of
this kind, there tends to be displacement of births from years close to the survey to
earlier years because of atendency of respondentsto round up children’s ages (e.g.,
from age 2 years 10 months to age 3). In addition, some interviewers who wish to
reduce their workload may move up the age of achild to avoid having to ask thelarge
block of questions pertaining to children born after a cutoff date, which corresponds
approximately to age5in NFHS-1 and age4 in NFHS-2.

Displacement of births to earlier years does not affect all ASFRs equally. The
effect is unequal because displacement of births to earlier years tends to shift the
entireage curve of fertility totheleft (i.e., to younger ages of women), raising fertility
among younger women and lowering fertility among older women. This shift occurs
because abirth that is displaced into the past is erroneously reported to have occurred
when the mother wasyounger. Thus A SFRs bel ow the peak age of fertility are overes-
timated, and ASFRs above the peak age of fertility are underestimated. Because dis-
placement of birthsis more severein NFHS- 2 thanin NFHS-1, the leftward shift of
theage-specificfertility curveismoremarkedinfertility estimatesderived from NFHS-
2thanin estimates derived from NFHS-1. Thiscreatesaspuriousincreasein fertility
at age 15-19 and aspuriousdeclineinfertility at older ages. At the sametime, the net
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Figure 5a Age-specific fertility rates from the SRS for 1990-92 and 1996-97: Uttar
Pradesh
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displacement of births out of the 3-year period beforethe survey to earlier yearstends
tolower fertility at all ages. In Figure5b, the net effect of these biasesisthat estimates
of the ASFR at 15-19 from the two surveys are virtually the same, while estimated
fertility declinesat older agesare spurioudly large.

Displacement of birthsisnot the only problem. Misreporting of women's ages
also tends to distort age-specific fertility estimates. In India as elsewhere in South
Asia(except Sri Lanka), most women do not know their age precisely, and thereisa
tendency for women'’s ages to be rounded up. Thisis especially true for women who
are married and who have more than the typical number of children for their age
(Retherford and Mirza 1982; Narasimhan et al. 1997; Retherford and Thapa 2000).
Conversely, there is atendency for never-married women and married women with
fewer than the typical number of children for their ageto be reported asyounger than
they really are. The net effect isto shift the age curve of fertility to theright, increas-
ing fertility among ol der women and decreasing fertility among younger women. Fig-
ure 5b suggests, however, that in Uttar Pradesh the leftward shift associated with
displacement of birthsin NFHS-1 and NFHS-2 predominates over the rightward shift
associated with misreporting of women'’s ages.

In the SRS thereis no displacement of births because births are recorded in the
year in which they occur. There is every reason to believe, however, that women's
ages are misreported to an even greater extent in the SRS than in NFHS-1 and
NFHS-2 because the two surveys devoted considerably more effort to collecting
accurate age data than does the SRS (Narasimhan et a. 1997). This means that the
ASFR curvein the SRSisundoubtedly shifted to theright. Because of thisrightward
shift, the absolute levels of ASFRs estimated from the SRS are biased downward at
ages below the peak age of fertility and biased upward at ages above the peak age of
fertility. The upward bias at older agesis offset, however, by underregistration of births.

The rightward shift of the age curve of fertility in the SRS is reduced to some
extent by an offsetting effect that stems from the way that the SRS records ages.
The SRS tabulates age-specific fertility rates (ASFRs) by age at the beginning of the
calendar year. This means that a reported ASFR for a given 5-year age group of
women actually pertains to a 5-year age group that is on average six months older.
Thusthe age groupsthat the SRS reports as 15-19, 20-24, ..., 45-49 arein actuality
age groups 15.5-20.4, 20.5-25.4, ..., 45.5-50.4. This feature of the SRS has the
effect of shifting the age curve of fertility one-half year to theleft (Narasimhan et al.
1997).

The spurious age pattern of fertility declineindicated by NFHS results, as shown
in Figure 5b, gives the false impression that the contraceptive prevalence rate in-
creased substantially at ages 20-24 and above between the two surveys. Contracep-
tive use did increase but not enough to produce thisdegree of fertility decline. Between
NFHS-1 and NFHS-2, the contraceptive prevalence rate among currently married
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women of reproductive age increased from 20 to 28 percent. The composition of the
8-percentage-point increase, however, is 3 percentage points from increased use of
modern methods and 5 percentage points from increased use of traditional methods
(mainly rhythm and withdrawal) (11PS and ORC Macro 2000). Thisincreasein con-
traceptive prevalence is perhaps large enough to explain the small decline in the
ASFR at age 35-39 shown in Figure 5a but not much more than that.

Figure 6 depicts the same data as Figure 5 but arranged somewhat differently.
Figure 6acomparesthe age curves of fertility for 1990-92 derived from the SRS and
from NFHS-1, and Figure 6b compares the age curves of fertility for 1996-98 de-
rived from the SRS and from NFHS-2. (The SRS curve in Figure 6b is actualy for
199697, asdiscussed earlier.) In Figure 6a, for the period 1990-92, NFHS-1 shows
higher fertility than the SRS at age 15-19 and lower fertility than the SRS at most
older ages. The discrepancies reflect errors in the SRS (the rightward shift of the
SRS-derived curve) aswell as errorsin NFHS-1 (the leftward shift in the NFHS-1-
derived curve). The much larger discrepancies in Figure 6b occur because of the
much greater displacement of birthsin NFHS-2 than in NFHS-1, resulting in amuch
larger leftward shift in the age curve of fertility, and because of the changeover of the
SRS sample during the period 1993-95, resulting in a larger rightward shift in the
SRS-derived age curve of fertility after the changeover than before, as will be ex-
plained shortly.

There isan especially large discrepancy between the SRS and NFHS-2 in esti-
mates of the ASFR at age 15-19, as shown in Figure 6b. The NFHS-2 estimate is
more than twice as large as the SRS estimate. This large discrepancy reflects both
overestimation of the ASFR for thisage group in NFHS-2 and underestimationin the
SRS. Shiftsof the ASFR curve affect estimates of the ASFR more at age 15-19 than
at older ages because the slope of the ASFR curve is steeper between 15-19 and
20-24 than between older age groups.

To minimizethe effects of displacement of births, Figure 7 showsthe age curves
of fertility for thefull 15-year period before NFHS-1 and NFHS-2 and comparesthem
with the corresponding curves from the SRS. Figure 7a compares the age curve of
fertility for the 15-year period 1978-92 from NFHS-1 and the SRS, and Figure 7b
compares the age curve of fertility for the 15-year period 1984-98 from NFHS-2
with the curve for 1984-97 from the SRS. The NFHS curves are higher, relative to
the SRS curves, in Figure 7 than in Figure 6, reflecting the smaller proportion of births
displaced out of the longer 15-year estimation period used in Figure 7. Thisis espe-
cialy truefor the NFHS-2 curverelative to the corresponding SRS curve. Age exag-
geration occursin both Figures 6 and 7, however, so that the leftward and rightward
shiftsoccurring in Figure 6 also occur in Figure 7.

Figure 8 shows overlapping trends in ASFRs from NFHS-1, NFHS-2, and the
SRS, based on estimatesfor single years. Aswith single-year trendsinthe TFR (Fig-
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ure4), thesingle-year trendsin ASFRsfrom NFHS-1 and NFHS-2 show sharp peaks
inthe 9™, 11", and 13" years before the surveys, reflecting heaping of children’sages
on 8§, 10, and 12 yearsthat isworsein NFHS-2 than in NFHS-1. Trends based on the
SRS are much smoother because births are recorded in the year in which they occur so
that heaping of children’sagesisnot asource of bias. The curvesderived from NFHS-
1and NFHS-2 a'so provide clear evidencethat birthswere displaced backward out of
the most recent three or four years before the surveys. The ASFR trendsfrom NFHS-
1and NFHS-2, as shown in Figure 8, tend to be higher than the corresponding trends
from the SRS at the younger reproductive ages and lower than the corresponding SRS
trends at the older reproductive ages. This net leftward shift in the age curves of
fertility, dueto displacement of birthsto earlier ages, isalso clearly evident in Figures
5-7.

It might seem reasonable to expect that biases in the SRS estimates of ASFRs
are approximately constant from one year to the next, so that trendsin ASFRs esti-
mated by the SRS are accurate even if the absolute levels of the ASFRs are not. This
isnot the case, however, particularly at the younger reproductive ages, because of the
bias caused by the phasing in of new sample of registration areas during 1993-95.

To see how phasing in anew sample creates bias, consider women age 15-19in
the SRS samplein 1993, just before the new sample started to be phased in. Some of
these women were recent brides from el sewhere whaose ages had to be estimated by
the local part-time enumerator when they moved into the registration area. Among
these women, many who did not know their ages were undoubtedly shifted upward
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Figure 8a Overlapping trends in the ASFR (15-19), estimated from NFHS-1, NFHS-2,
and the SRS: Uttar Pradesh
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Figure 8d Overlapping trends in the ASFR (30-34), estimated from NFHS-1, NFHS-2,
and the SRS: Uttar Pradesh

0.450
0.400
0.350
0.300
0.250

0.200

ASFR (35-39)

0.150

0.100

0.050

O'OOO 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99

Year

——SRS - ¢+ -NFHS-1 (Own Children) —a - NFHS-2 (Own Children)

Figure 8e Overlapping trends in the ASFR (35-39), estimated from NFHS-1, NFHS-2,
and the SRS: Uttar Pradesh



36

National Family Health Survey Subject Reports, No. 17

0.450

0.400

0.350

0.300

0.250

0.200

ASFR (40-44)

0.150

0.100

0.050

0.000

v

N ~ - R —
W —_
5 o"""*-v-‘-\‘/‘\-0-. .

-\.—I—--

78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99

Year

——SRS - + =NFHS-1 (Own Children) —= =NFHS-2 (Own Children)

Figure 8f

Overlapping trends in the ASFR (40-44), estimated from NFHS-1, NFHS-2,

and the SRS: Uttar Pradesh

0.450

0.400

0.350

0.300

0.250

0.200

ASFR (45-49)

0.150

0.100

0.050

0.000

P =
v ’|’K‘|"T'|._|-,\|"'I‘"| | S B, B

78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99
Year

——SRS - » =NFHS-1 (Own Children) —= =NFHS-2 (Own Children)

Figure 8g Overlapping trends in the ASFR (45-49), estimated from NFHS-1, NFHS-2,
and the SRS: Uttar Pradesh



37

National Family Health Survey Subject Reports, No. 17

into the 20-24 age group by virtue of being married. M ost other women age 15-19in
1993, whether single or married, had resided in the registration area since 1983-85
and were enumerated in the age group 5-9 (approximately) in the 1983-85 SRS
baseline survey. At the time of this baseline survey, no one in the group was shifted
upward in age by virtue of being married because no one was married. In each
subsequent year between 1984 and 1993, the local enumerator simply increased the
ages of these girls, as initially ascertained in the baseline survey, by one year. By
1993, the girls constituted alarge group of young women age 15-19 whose ages had
aready been noted and could not be shifted. Similarly, singlewomen age 20-24 could
not be shifted downward to age 15-19 by virtue of being single.

During 1993-95, the situation changed with the phasing in of anew sample. By
1996, all women age 15-19 and 2024 were new in the sample. Their ages had just
been determined by the new baseline survey, and all (rather than just some) of those
who did not know their age were at risk of having their age shifted. Becausewomenin
rural Uttar Pradesh generally leave their home villages when they marry, most of the
additional shifting associated with the phasing in of the new sampleisprobably down-
ward shifting of singlewomen rather than upward shifting of married women.

Severad findingsindicate that age shifting increased between 1993 and 1996. The
age-specific proportion currently married, or ASPM(15-19), fell from 34 percentin
1993 to 25 percent in 1996, ASFR(15-19) fell from 72 to 40 births per 1,000 women
per year, and the age-specific marital fertility rate, or ASMFR(15-19), fell from 214 to
161 births per 1,000 currently married women per year. These declinesin ASPM (15—
19), ASFR(15-19), and ASMFR(15-19) between 1993 and 1996 appear to be mostly
spurious, especially thedeclinein ASMFR(15-19), whichisvirtually entirely spurious
giventhat the proportion using any kind of contraception at age 15-19 in Uttar Pradesh
increased only from 3 to 5 percent between NFHS-1 and NFHS-2.

If thisreasoning is correct, one should also see sharp declinesin SRS estimates
of ASMFR(15-19) in other high-fertility states of India where there is little use of
contraception at age 15-19. Herewe consider Madhya Pradesh, Bihar, and Rajasthan.
Between NFHS-1 and NFHS-2, the proportion of currently married women age 15—
19 who were currently using contraception changed from 7 to 5 percent in Madhya
Pradesh, from 3 to 2 percent in Bihar, and from 2 to 4 percent in Rajasthan. Despite
these very low (and often slightly falling) levels of contraceptive use, the SRS indi-
cates that, between 1993 and 1996, ASMFR(15-19) fell from 256 to 228 births per
1,000 currently married women per year in Madhya Pradesh, from 196 to 139 in
Bihar, and from 212 to 136 in Rgjasthan. Theselarge but highly implausible declinesin
ASMFR(15-19) in al three states provide additional supporting evidence for the
argument that the fertility decline at age 15-19 in Uttar Pradesh, as estimated by the
SRS, isan artifact of age misreporting caused by the changeover of the SRS sample
during 1993-95 and does not indicate real change.
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In sum, greater displacement of births and age misreporting in NFHS-2 thanin
NFHS-1 and changesin the pattern of age misreporting caused by the phasing in of a
new SRS sample severely distort estimates of trends in ASFRs. Because of these
distortions, we have not been able to formulate a methodology that yields accurate
estimates of trends in ASFRs based on these data sources. In contrast, our ‘best
estimate’ of the TFR trend is not greatly affected by either displacement of births or
misreporting of women's ages.

TOTAL FERTILITY ESTIMATED FROM CONTRACEPTIVE PREVALENCE

Another approach for estimating fertility trendsis based on the widely used ‘interna-
tional regressionline’ that relatesthe TFR to the contraceptive prevalencerate (CPR).
The CPR is calculated as the percentage of currently married women age 1549
who are currently using any method of contraception. The international regression
line uses data on national-level TFRs and CPRs from more than 90 countries around
the world (Ross and Frankenberg 1993). The equation of thislineis:

TFR = 7.2931 — 0.0700 CPR ()

Despitethefact that other variablesknown to affect fertility are omitted from theright
side of this equation, the equation fits the data remarkably well. R?2=0.88, indicating
that the regression line explains 88 percent of thevariationin TFR.

Results from NFHS-1 and NFHS-2 indicate that the CPR in Uttar Pradesh
increased from 19.8 to 28.1 percent between the two surveys. Age misreporting does
not affect these estimates, which we consider to be reasonably accurate. Substitution
of these valuesinto equation (4) yields predicted TFRs of 5.91 for 1990-92 and 5.33
for 1996-98. These estimates are somewhat higher than our *best estimates’ of 5.55
and 5.19 derived from equation (3). We do not have much confidence in the TFR
estimates derived from theinternational regression line becausethelineisbased onthe
experience of other countries and because the fit of these countriesto the lineis not
perfect. Yet the estimates derived from the international regression line do indicate that
our new TFR estimates of 5.55 for 1990-92 and 5.19 for 1996-98 are plasuible.

CONCLUSION

Because there were greater displacement and omission of birthsin Uttar Pradesh in
NFHS-2 thanin NFHS-1, the unadjusted trend in the TFR based on estimatesfor the
two three-year periods preceding the surveys is too steeply downward. The trend

10ther versions of the international regression line yield almost identical results to those
shown here.
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estimated from the SRS, on the other hand, suffers from underregistration of births.
Corrections for displacement and omission of births in NFHS-1 and NFHS-2 and
underregistration of birthsin the SRSyield a*best estimate’ of the trend in the TFR
described by the ling, TFR = 11.0639 —.0603 t, where t istimein years since 1900.
Thislineimpliesthat the TFR in Uttar Pradesh fell from 5.55in1991t05.19in 1997.

Estimates of changes in age-specific fertility rates (ASFRs) between NFHS-1
and NFHS-2 are severely distorted by differences between the two surveys in the
extent of omission of births and misreporting of both mothers' and children’s ages.
Estimates of changes in ASFRs derived from the SRS are severely distorted by
changes in the pattern of age misreporting caused by the introduction of anew SRS
sample during 1993-95. Because of these distortions, neither data source estimates
trendsin age-specific fertility rates accurately. We have more confidencein our TFR
estimates, which are not much affected by displacement of births or misreporting of
women'sages. Even our new TFR estimates must be viewed as only roughly accurate,
however, for two reasons: (1) our correction for missed birthsin NFHS-2 isbased on
avery small sampleof birthsin the post-NFHS-2 eval uation check conducted in Uttar
Pradesh; and (2) our assumption that the completeness of birth registration in the state
did not change between 1984 and 1998 is undoubtedly not entirely correct.

Finally, although inaccurate age reporting is a problem in both NFHS-1 and
NFHS-2, most of the data collected (e.g., on contraceptive use and a vast amount of
information on maternal and child health) do not depend on age reporting and are
reasonably accurate and trustworthy in both surveys. It iseven possible, asthisreport
shows, to correct to some extent for age-reporting errors and displacement of births
and to derive reasonably accurate estimates of thetrend in thetotal fertility rate.
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