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The perfect collinearity of age, period, and cohort makes it impossible to separate their effects without
additional assumptions. This study compares two approaches, the Intrinsic Estimator (IE) and the
hierarchical age-period-cohort model (HAPC), using data on female household headship in Iran. Data
were drawn from eight waves of the Household Expenditure and Income Survey (1986-2021) and
include 272979 women aged 15-89. For age, the two models converged: the probability of headship
rose with age. For period, the HAPC showed a decline in headship probability from 11.4% (1986) to
7.0% (1996), followed by a mild increase to 9.8% (2021). In the IE, however, after a slight decline until
1996, the probability rose sharply from 3.5% to 12.3%. For cohort, the HAPC showed an inverted-U
pattern peaking at 10.7% among women born in 1947-1956, whereas in the IE the probability declined
steadily from the oldest to the youngest cohort, from 16.6% to 0.8%. Comparison tests showed that both
models explain the data equally well, but when the data coding was changed, the HAPC results remained
stable while the IE results changed. Therefore, for Iranian data, the HAPC is recommended as the more
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appropriate main model, with the IE used for sensitivity checks.

Introduction

Analyzing social and demographic change over time requires
distinguishing three temporal processes: age effects, related to
changes across the life course; period effects, reflecting
historical conditions that affect all age groups at a given time;
and cohort effects, capturing enduring differences between
groups born under different historical circumstances. Since
cohort equals period minus age, the three variables are
perfectly collinear, and conventional regression models cannot
estimate all three effects without an additional constraint. This
“identification problem” has been debated since the 1970s.
Among the many solutions proposed, the Intrinsic Estimator
(IE) and the Hierarchical Age-Period-Cohort cross-classified
random-effects model (HAPC) are the most widely applied.
Although both aim to estimate the same three effects, they rest
on different statistical assumptions, and the literature suggests
they may yield different substantive conclusions even when
applied to the same data. Studies that systematically compare
these two approaches on a common empirical dataset are
scarce, particularly in research on female-headed households in

Iran. Over the study period, the Iranian family experienced
substantial structural change at both the period level (shifts in
population policy, post-war conditions, rising divorce) and the
cohort level (successive generations of women with different
patterns of marriage, fertility, and education). Because period
and cohort effects represent distinct causal mechanisms,
separating them is essential for understanding the rise in female
household headship. The aim of this study is not to identify
the “correct” method, but to examine how far the results of an
APC analysis depend on the assumptions each approach uses to
resolve the identification problem and what results each
method produces under these assumptions. The first solution to
the identification problem, proposed by Mason et al. (1973),
imposed an equality constraint on two or more adjacent
categories of age, period, or cohort. Because the choice of
constraint is arbitrary and untestable, this approach was widely
criticized. The IE, introduced by Fu (2000) and developed by
Yang et al. (2004), was presented as a constraint-free solution.
It selects, among the infinite set of solutions, the one with the

*Corresponding author: Mohammad Salimi. Ph.D. Candidate in Demography, Department of Demography, Faculty of Social Sciences, University

of Tehran, Tehran, Iran.
E-mail address: salimi.mohammad@ut.ac.ir

E-ISSN: 2717-3208 / © National Institute for Population Research, Iran. This is an open access article under the CC BY 4.0 License

(https://creativecommons.org/licenses/by/4.0/).
Cite this article:

Salimi, M. (2026). Identification strategies in age-period-cohort analysis: application of the intrinsic estimator and the hierarchical model to
female-headed households in Iran (1986-2021). [ranian Population Studies Journal, 10(2): 199-216.

https://doi.org/10.22034/jips.2026.593941.1366


mailto:salimi.mohammad@ut.ac.ir
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22034/jips.2026.593941.1366
https://jips.nipr.ac.ir/?lang=en
https://jips.nipr.ac.ir/?lang=en
https://scitone.ir/
https://jips.nipr.ac.ir/?lang=en
https://orcid.org/0000-0002-9167-7177

Iranian Population Studies Journal (2024) 10(2): 199-216

Salimi

minimum FEuclidean norm, using the Moore-Penrose
generalized inverse. Subsequent work showed, however, that
the IE also imposes an implicit constraint that depends on the
number of categories and the coding scheme (Luo, 2013; Luo
et al., 2016). O’Brien (2014) argued that the identification
problem is mathematically unsolvable rather than a matter of
statistical innovation. With respect to the HAPC, Bell and Jones
(2018) showed that its results depend strongly on the structure
of the data, since the random-effects assumption tends to shift
linear trends into the fixed age effect. Fosse and Winship
(2019a) concluded that no current method is truly assumption-
free. The methods differ in the nature and transparency of their
assumptions, not in whether assumptions are made. Because
the IE and HAPC each impose a different implicit constraint,
comparing them on the same dataset provides direct empirical
evidence of the size and direction of this sensitivity.

Methodology and Data

Data were drawn from eight waves of the Household
Expenditure and Income Survey of the Statistical Centre of Iran
(1986, 1991, 1996, 2001, 2006, 2011, 2016, and 2021). The
study population comprised women aged 15-89. The
dependent variable was a binary indicator of being the
household head, based on the respondent’s relationship to the
household head. Age was grouped into 15 five-year categories
and period into 8 five-year waves; birth cohort was computed
as period minus the age-group midpoint, yielding 16 cohorts
(born 1922-2001). Four cohorts born before 1921 (239
women) were excluded rather than merged, because merging
cohorts acts as a hidden identifying constraint. One cohort
observed in a single cell with no female heads was also
excluded. The final sample of 272979 women was aggregated
into 104 age-period-cohort cells, and both models were
estimated on these cells using a binomial distribution and a
logit link. The IE was estimated with sum-to-zero (effect)
coding, so no category serves as a reference group. Because the
available Stata commands (ie_rate and apc_ie) require a
complete age-by-period table, the IE algorithm (projection of
the coefficient vector orthogonal to the null vector) was
implemented directly in Stata’s Mata environment, and its
accuracy was verified numerically. The HAPC was estimated
with meglm, with age as a fixed effect (reference group 15-19)
and period and cohort as independent, normally distributed,
cross-classified random effects, wusing the Laplace
approximation. Period and cohort effects were obtained as
empirical Bayes predictions (posterior modes) with standard
errors. The two models were compared on three sets of
equivalent and testable criteria: (1) fit indices (AIC, BIC, and
deviance); (2) predicted probabilities of headship for each
period and cohort, evaluated at average age and average cohort
or period, with 95% confidence intervals; and (3) formal tests
of difference, namely a z-test for each period and cohort and
the Vuong test for non-nested models. Sensitivity analyses re-
estimated the full comparison after (a) excluding the two
youngest incomplete cohorts, (b) excluding the oldest age
group (85-89), and (c) merging the oldest cohorts as in
conventional practice.

Findings

Age effect: The two models converged. In both, the probability
of headship rose steadily with age and reached its highest level
in old age, a pattern consistent with life-course mechanisms,
especially widowhood. The increase was steeper in the HAPC.
Period effect: The HAPC showed a decline in the probability of
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headship from 11.4% in 1986 to 7.0% in 1996, followed by a
mild increase to 9.8% in 2021, so the beginning and end of the
period differed only slightly. In the IE, the probability fell
slightly from 4.7% in 1986 to 3.5% in 1996 and then rose
sharply to 12.3% in 2021, more than doubling over the study
period. Both models placed the lowest point in 1996. Cohort
effect: The HAPC showed an inverted-U pattern within a
narrow range: the probability rose from 6.9% among women
born in 1922-1926 to a peak of 10.7% among those born in
1947-1956, then declined mildly to 7.2% in the youngest
cohort. In the IE, the probability declined steadily from 16.6%
in the oldest cohort to 0.8% in the youngest. The curves of the
two models cross in the middle of the observed range. Their
differences were not significant only near the crossing points
(2011-2016 for period; 1947-1956 for cohort). Comparison of
the models: Both models reproduced the observed data equally
well (Vuong test: z = 1.05, p = 0.29). AIC and BIC were
slightly lower for the IE, but because the effective number of
parameters in random-effects models is debatable, this
difference should be interpreted with caution. In the sensitivity
analyses, the data were coded in three alternative ways. The
two models remained equally accurate in all three, but they
differed in stability. The HAPC results stayed almost
unchanged: the predicted probability for 2021 ranged between
8.3% and 10.3%. The IE results changed substantially.
Excluding the youngest cohorts raised its 2021 prediction from
12.3% to 16.9%. Merging the oldest cohorts reversed its trends:
the period probability declined from 16.4% in 1986 to about
8% and remained there, and the cohort trend became
increasing.

Discussion and Conclusion

The two models explain the data equally well, but they describe
period and cohort trends differently. This difference comes
from the assumptions each model uses to resolve the
identification problem, not from the data. Both models agree
that female household headship in Iran is closely tied to the life
course, especially widowhood in old age. Both also agree that
headship declined until 1996 and increased thereafter. With
population aging, the number of female-headed households is
therefore likely to grow. Whether the recent increase is a period
or a cohort effect, however, cannot be determined from these
data alone. Iranian survey data typically have few periods,
incomplete cohorts, and sparse older age groups. In such data,
the HAPC proved more stable than the IE, whose trends
changed or even reversed with small changes in coding. We
therefore recommend the HAPC as the main model for APC
analysis of Iranian data, with the IE used as a sensitivity check.
Researchers should also avoid merging sparse cohorts.
Stability, however, does not mean correctness, because the
HAPC tends to shift linear trends to age. The main limitations
are the identification problem itself, incomplete cohorts, the
absence of explanatory variables, and unweighted estimation.
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Figure 1. Lexis diagram of the study sample
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Figure 2. Trend in the percentage of female household heads in the study sample
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Table 1. Estimates of age, period and cohort effects from the intrinsic estimator
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Table 2. Fixed age effects and variances of period and cohort random effects in the hierarchical model
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Table 3. Predicted probability of female household headship by age group in the two models
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Table 4. Predicted probability of female household headship by period in the two models
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Figure 3. Predicted probability of female household headship by period in the two models (with 95% confidence intervals)
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Table 5. Predicted probability of female household headship by birth cohort in the two models
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Figure 4. Predicted probability of female household headship by birth cohort in the two models (with 95% confidence intervals)
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Table 6. Fit indices and comparison tests of the two models
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Table 7. Results of the sensitivity analysis under three scenarios
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