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IPS 029: Food security in
Africa? Measurement
approaches and recent
trend

Measuring food security,
challenges of statistical
systems —
Said Saghir Zarouali

IPS 086: The statistics of
extremes

Coupling clustering
algorithms and extreme value
to theory to define spatial
homogenous hydrological
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homogenous hydrological
regions —
Philippe Naveau

IPS 119: Digital Data:
what innovations in
quality management are
needed to keep the
momentum to 2030?

Error Analysis for Hybrid
Estimates that use Big Data —
Dennis Trewin

IPS 183: Methodological
advancements in
nowcasting development
indicators

Economic Nowcasting with
Long Short-Term Memory
Artificial Neural Networks
(LSTM) —
Daniel Hopp

Remote but well connected?
Neighboring but isolated? The
measurement of remoteness
in the context of SIDS —
Fernando Cantu

The Eurostat business cycle
clock and the pandemics:
some preliminary
considerations —
Rosa Ruggeri Cannata
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CPS 023: Statistical
analysis for high-
dimensional data

Big Data Mining from Big Data
Sources —
Md Shariful Islam

Convergence rates of model-
assisted estimators in high-
dimensional settings —
Mehdi Dagdoug, Camelia
Goga, David Haziza

High-Dimensional Temporal
Disaggregation —
Luke Mosley, Idris Eckley, Alex
Gibberd

CPS 034: Topics in
Business and Industry

Achieving due diligence in the
supply chain - how statistics
can help —
Oscar Lemmers

Fast Product Optimization
with Uniform Design,
Application in Cosmetic —
Lina Zhao

CPS 031: Statistics in
Practice-Some Issues III
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A multinomial multilevel
model for measuring
continuity and regularity of the
Italian museums opening —
Sandra De Iaco, Sabrina
Maggio, Claudia Cappello

Discriminating between and
within (semi)continuous
classes of both Tweedie and
geometric Tweedie models —
Rahma Abid, Célestin C
Kokonendji

CPS 018: Pandemic I

Impact of Covid-19 on the
structure of GDP by type of
economic activity (Ukrainian
case) —
Ruslan Motoryn, Tetiana
Motoryna, Kateryna
Prykhodko

Mapping the Potential Use of
ICT for Distance Learning
During Covid-19: Demand and
Supply-Side Approach —
Taly Purwa, Diyang Gita
Cendekia

Statistical modelling of
covid-19 deaths in Nigeria —
George Uchechukwu, Okereke
Emmanuel Wilfred

The Impact of Covid-19
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Pandemic on Tourism in the
GCC —
Amira Al-Salhi

The Impact of Movement
Restrictions during Covid 19
on Concentrations of Nitrogen
Dioxide in GCC Countries —
Ibtihaj Alsiyabi

CPS 017: Official
Statistics I

Modeling international
migration flows by integrating
multiple data sources —
Emanuele Del Fava, Arkadiusz
Wisniowski, Emilio Zagheni

The use of administrative tax
data as an estimation strategy
—
Sihle Khanyile

CPS 012: Global
Economics &
Development III

Integrated Real Time Tourism
Data for Optimizing
Indonesian Economic Growth
from Tourism Sector (Case
Study in 5 Super Priority
Tourism Object in Indonesia)
—
Christiayu Natalia, FX Gugus
Febri Putranto
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High-dimensional generalized
semiparametric model for
longitudinal data —
Mozhgan Taavoni

IPS 047: Privacy
Preserving Computation
Techniques in Official
Statistics

Input Privacy: Towards a
Logical Framework for
Defining Official Statistics
Scenarios —
Monica Scannapieco

Key GDPR Legal Issues
regarding Privacy-Preserving
Techniques —
Kuan Hon

IPS 126: Labeling Issues
in Machine Learning
Methodology

Impact of Mislabelling on
Deep Learning Methods and
Strategies for Improvement —
Marcel Dettling , Martin Frey ,
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IPS 024: Methodological
responses to the
COVID-19 pandemic by
National Statistical
Institutes

Ensuring statistical production
and quality in the COVID-19
pandemic: the Italian
experience —
Stefano Falorsi , Orietta Luzi ,
Monica Scannapieco , Mauro
Scanu

The Experience of Stats NZ in
being part of the New Zealand
agency managing the
COVID-19 Pandemic —
Vince Galvin

SIPS 222: Telling Truth
with Scientific Data

Data on Social and
Environmental Determinants
of Health and COVID-19:
Public Use and Sharing —
Kevin Lane

IPS 135: Seasonal
adjustment of official
statistics disrupted by
COVID-19 effects

Treatment of Time Series
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Outliers via Maximum Entropy
—
Tucker McElroy

IPS 042: Counting People
with Administrative Data
instead of a Traditional
Census

The use of Administrative
Data in the production of
Italian Permanent Census
Estimates —
Nicoletta Cibella

CPS 036: Topics in
Environmental Statistics

Chimney fire prediction based
on environmental variables —
Changqing Lu, Marie-Colette
Van Lieshout, Maurits De
Graaf, Paul Visscher

Groundwater time series
analysis with clustering and
LSTMs for sporadic
monitoring datasets —
Stephanie Clark

CPS 027: Statistical
Modeling III

Supervised Text Classification
with Leveled Homomorphic
Encryption —

ISI WSC 2021 Proceedings | ISI https://www.isi-web.org/events/wsc/proceedings/2021

14 di 45 22/06/22, 14:10

https://www.isi-web.org/files/docs/papers-and-abstracts/69-day2-ips135-treatment-of-time-series-outli.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/69-day2-ips135-treatment-of-time-series-outli.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/83-day2-ips042-the-use-of-administrative-data.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/83-day2-ips042-the-use-of-administrative-data.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/83-day2-ips042-the-use-of-administrative-data.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/83-day2-ips042-the-use-of-administrative-data.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/83-day2-ips042-the-use-of-administrative-data.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/83-day2-ips042-the-use-of-administrative-data.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/83-day2-ips042-the-use-of-administrative-data.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/83-day2-ips042-the-use-of-administrative-data.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/86-day2-cps036-chimney-fire-prediction-based.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/86-day2-cps036-chimney-fire-prediction-based.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/86-day2-cps036-chimney-fire-prediction-based.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/86-day2-cps036-chimney-fire-prediction-based.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/86-day2-cps036-groundwater-time-series-analys.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/86-day2-cps036-groundwater-time-series-analys.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/86-day2-cps036-groundwater-time-series-analys.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/86-day2-cps036-groundwater-time-series-analys.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/86-day2-cps036-groundwater-time-series-analys.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/86-day2-cps036-groundwater-time-series-analys.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/86-day2-cps036-groundwater-time-series-analys.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/86-day2-cps036-groundwater-time-series-analys.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/87-day2-cps027-supervised-text-classification.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/87-day2-cps027-supervised-text-classification.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/87-day2-cps027-supervised-text-classification.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/87-day2-cps027-supervised-text-classification.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/87-day2-cps027-supervised-text-classification.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/87-day2-cps027-supervised-text-classification.pdf


Zachary Zanussi, Benjamin
Santos, Saeid Molladavoudi

Universal inference with
composite likelihoods —
Hien D. Nguyen, Jessica
Bagnall-Guerreiro, Andrew T.
Jones

CPS 020: Probability and
Statistical Models

On the study of extinction of
circuit chains describing
random walks in random
environments —
Chrysoula Ganatsiou

Optimal covariance matrix
estimators in a seemingly
unrelated regression model —
Shun Matsuura, Hiroshi Kurata

Regularized Double Machine
Learning in Partially Linear
Models with Unobserved
Confounding —
Corinne Emmenegger, Peter
Bühlmann

Statistical analysis of discrete-
valued time series based on
parsimonious models —
Yuriy Kharin
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Economics &
Development II

Access to drinking water:
complementary indicators to
monitoring goal 6.1 of 2030
Agenda at local level in Brazil
—
Ana Clara Cancelo Cruz,
Andrea Diniz da Silva

Implementation of
Marketplace Data in The
Calculation of The Consumer
Price Index (Case Study of CPI
Cities in Java, Indonesia) —
Muhammad Ghozy Al
Haqqoni, Setia Pramana

Linking census of agriculture
and business register in Brazil:
some developments and
many chalenges —
Andrea Diniz Da Silva, Raphael
Molina Guimaraes, Geremias
De Mattos Fontes Neto

Monitoring the effects of
drought, poverty and access
to food in low-income
communities of the city of
Manzini, Eswatini —
Sipho Felix Mamba

The Impact of Mining Sector
on Economic Growth and
Unemployment Rate in East
Kalimantan, Indonesia: A
Simultaneous Panel Data
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Analysis using EC2SLS —
Akhmad Fatikhurrizqi, Robert
Kurniawan

CPS 019: Pandemic II

Comparing the safety of
COVID-19 vaccines: a
geometrical approach —
Silvia Columbu, Beniamino
Cappelletti-Montano, Stefano
Montaldo, Musio Monica

Compiling Quarterly GDP by
Economic Activity in Volume
Measures during COVID-19
Pandemic —
Alex Li Sze-chun, Howard
Wong Ho-fai

Covid-19 And Its Impact In
The Manufacturing Sector : A
Case Study In the State of
Perak, Malaysia —
Maslina Binti Samsudin, Nur
Aizatul Hajar Binti Abdul Kadar

CPS 005: Environmental
Analysis

A model for spatial binary
data —
Gabrielle. E. Kelly, J. Pan

A three-way synthetic air
quality index capable of
assessing health risks —
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Passamani Giuliana, Masotti
Paola

Determinants of Improved
Drinking Water Access in
Bengkulu and Papua —
Hanin Rahma Septina, Aulia
Dini

Modeling the impact of air
pollution on the respiratory
system diseases —
Barbara Jasiulis-Goldyn,
Bozena Cegielka

CPS 033: Temporal
Modeling

Granger Causality Analysis for
Functional Time Series Data —
Shubhangi Sikaria, Rituparna
Sen

CPS 035: Topics in
Computational Statistics

Analysis of daily precipitations
from synoptic stations using
non-homogeneous hidden
Markov model —
N. Bokossa, V. Adanhounme

Baseline Methods for
Bayesian Inference in Gumbel
copula —
Mario M. Pizarro, Jacinto
Martin Eva L. Sanjuán María I.
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Martin, Eva L. Sanjuán, María I.
Parra

IPS 131: Reformed
Journal of Data Science
in the Era of Data
Science

Sparse Learning with Non-
convex Penalty in Multi-
classification —
Nan Li

IPS 137: Meta-analysis
Methods with
Applications in Health
Sciences

Bayesian hierarchical analysis
of equity in delivery care
services coverage for
adolescents in 54 low-and
middle-income countries,
2000-2030 —
Mizanur Rahman

IPS 187: National
ownership to SDG
monitoring -
Achievements and
Challenges

Engaging with stakeholders
and responding to policy
priorities as part of the 2021
VNR process, Lao PDR —

ISI WSC 2021 Proceedings | ISI https://www.isi-web.org/events/wsc/proceedings/2021

19 di 45 22/06/22, 14:10

https://www.isi-web.org/files/docs/papers-and-abstracts/94-day2-ips131-sparse-learning-with-non-conve.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/94-day2-ips131-sparse-learning-with-non-conve.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/94-day2-ips131-sparse-learning-with-non-conve.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/94-day2-ips131-sparse-learning-with-non-conve.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/94-day2-ips131-sparse-learning-with-non-conve.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/94-day2-ips131-sparse-learning-with-non-conve.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/95-day2-ips137-bayesian-hierarchical-analysis.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/95-day2-ips137-bayesian-hierarchical-analysis.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/95-day2-ips137-bayesian-hierarchical-analysis.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/95-day2-ips137-bayesian-hierarchical-analysis.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/95-day2-ips137-bayesian-hierarchical-analysis.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/95-day2-ips137-bayesian-hierarchical-analysis.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/95-day2-ips137-bayesian-hierarchical-analysis.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/95-day2-ips137-bayesian-hierarchical-analysis.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/95-day2-ips137-bayesian-hierarchical-analysis.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/95-day2-ips137-bayesian-hierarchical-analysis.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/95-day2-ips137-bayesian-hierarchical-analysis.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/95-day2-ips137-bayesian-hierarchical-analysis.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/105-day2-ips187-engaging-with-stakeholders-and.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/105-day2-ips187-engaging-with-stakeholders-and.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/105-day2-ips187-engaging-with-stakeholders-and.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/105-day2-ips187-engaging-with-stakeholders-and.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/105-day2-ips187-engaging-with-stakeholders-and.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/105-day2-ips187-engaging-with-stakeholders-and.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/105-day2-ips187-engaging-with-stakeholders-and.pdf
https://www.isi-web.org/files/docs/papers-and-abstracts/105-day2-ips187-engaging-with-stakeholders-and.pdf


Phetsamone Sone

IPS 027: Advances in
Sports Statistics (2 of 2)

Using Higher-Order PLS-PM
model for performance
analysis in football —
Mattia Cefis

IPS 212: Relevance of
data integration and
advanced analytics in
central bank decision-
making

The future of data collection &
data management: Agile
RegOps for digitalizing the
regulatory value chain —
Daniel Muench

Day 3

IPS 050: Measuring SDG
Progress

A note on assessing progress
towards the SDG targets —
Marcello D’Orazio
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IPS 043: Trusted Smart
Surveys

Trusted Smart Surveys:
European Platform’s
Methodological Framework —
Claudia De Vitiis

Trusted Smart Surveys:
Solutions for the European
Statistical system - An
overview of the objectives and
the main challenges —
Shari Stehrenberg

SIPS 217: Unintended
Consequences of COVID-
policy on Health and the
Environment

Public health response to the
COVID-19 pandemic: the
forecaster’s dilemma and
long-term consequences —
Mika Naumanen

IPS 141: IASS Tribute
Session to Lars Lyberg:
How survey experts can
contribute to the better
use of citizen-generated
data for public policy?

Community led monitoring
accelerating pace of
empowerment and
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empowerment and
accountability —
Shikha Shrestha

IPS 100: On the
visualisation of digital
socio-economic data

The Cressie-Read Divergence
Statistic and Digital Data
Visualisation —
Eric J. Beh, Rosaria Lombardo

SIPS 184: Effectiveness
of the outreach of official
statistics standards and
guidelines,
methodologies and
recommendations to
developing statistical
systems

Standards in Social statistics:
the capacity of national
statistical systems to adapt to
the international standards,
problems, challenges —
Lisa Grace S. Bersales

CPS 021: Quality of Life

Outlier detection for
compositional data by
municipality and disabled
people in Brazil —
Paulo Tadeu Meira e Silva De
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IPS 078: Corner Pillars of
Probability Education -
Part II

A complex concept about
statistical inference and a
planned school experiment
based on it —
Ödön Vancsó, Manfred
Borovcnik, Peter Fejes-Tóth

Corner pillars of probability
literacy —
Manfred Borovcnik

Reasoning with Risk: Teaching
probability in the time after
COVID —
Ramesh Kapadia

Day 4

IPS 039: Time series
forecasting:
Computational
challenges and
application to electricity
load forecasting

Generating experts by
boosting diversity —
Jean-Michel Poggi
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Jean-Michel Poggi

IPS 244: Developing
Machine Learning
Methods in Experimental
Official and Analytical
Statistics

Machine Learning Methods
for Processing and Analyzing
Integrated Datasets of Official
Statistics —
Elena Zarova

IPS 175: New
developments in central
bank statistics around
the world

Nowcasting and monitoring
Israeli real economic activity
—
Tim Ginker

Revealing investors' sentiment
amid COVID-19: the Big Data
evidence based on internet
searches —
Jean Christine A. Armas,
Pamela Kaye A. Tuazon

IPS 233: Data Science &
Statistics

Variable screening in high
dimensional regression via
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random projection ensembles
—
Angela Montanari

IPS 180: Lessons learned
for macroeconomic
statistics from the
Covid-19 pandemic

Macroeconomic statistics
during the Covid-19 pandemic
– a user perspective —
Christoph Maier

CPS 004:
Business/Manufacturing

Modified Weakest-Link Load-
Sharing Model and Its
Application to the Breakdown
Process of High-k Gate
Dielectrics —
David Han

CPS 014: Health and
Biomedical Analysis II

Bayesian modeling of health
state preferences: could
borrowing strength from
existing countries’ valuations
produce better estimates —
Samer A. Kharroubi

On nonparametric Phase I
analysis of individual
observations from a change-
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observations from a change-
point model perspective —
Christina Parpoula

CPS 015: Models in
Official Statistics I

Development of optimal
weights for cyclical composite
indicator systems based on
multivariate spectral analysis
of time series —
Víctor Alfredo Bustos y de la
Tijera, Noemí Lopez

The use of scanner data to
compile regional price indices
in Germany with an outlook to
income inequality —
Chris-Gabriel Islam, Alina
Happ

CPS 024: Statistical
Literacy

Dropout and completion in the
Bachelor in Statistics in Brazil:
use of survival analyses in a
competing risk scenario —
Adriane Caroline Teixeira
Portela, Andrea Diniz da Silva,
Giovana Oliveira Silva

Ranking of universities in
Statistics: a shift towards
excellence? —
Veljko Jeremic, Srda
Bjeladinovic Mladen
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Bjeladinovic, Mladen
Stamenkovic

CPS 026: Statistical
Modeling II

Constructing a Realized DCC
Model with Measurement
Errors —
Hideto Shigemoto, Takayuki
Morimoto

D-Optimal designs for
Antoine’s Equation:
withhomoscedastic and
heteroscedastic response —
Carlos De la Calle-Arroyo,
Jesus Lopez-Fidalgo, Licesio
J. Rodriguez- Aragon

Sequential criticality test for
branching process with
immigration —
Junfan Tao, Keiji Nagai,
Kotaro Hitomi, Yoshihiko
Nishiyama

CPS 029: Statistics in
Practice-Some Issues I

Development as a Matter of
Statistics: How an Integrated
Statistical System Can
Contribute to the
Development of a Country —
Seyyed Mahdi Sadati
Nooshabadi
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Abstract 
The treatment of one inflation in estimating the size of an elusive population has received an 
increasing attention from researchers in recent years. The inflation of counts "one", that is 
the presence of an excess of "one"s, larger than compatible with any distributional 
assumption, deserves specific attention due to its effect on usual estimators for the 
population size. One-inflation may lead to overestimation of the usual estimators when not 
accounted for, while in general, when the observed counting model presents other sources 
of heterogeneity and this is ignored by the estimation procedure, it may produce severe 
underestimation in the population size. In this paper we propose a Bayesian approach that 
considers one inflation in count data models for capture recapture.  An application to real 
data for the estimate of the size of some illegal populations is used to illustrate the proposed 
methodology. 

Keywords:  
Capture-recapture; Illegal populations; Zero-truncated One–inflated Count Data Models; 
Bayesian Model Selection   

1. Introduction

A popular methodology to estimate the size of hidden populations is the capture-recapture 
methods, originally used to estimate animal abundance. In capture–recapture, data can be 
collected at specific time points, therefore for each unit seen at least once there is a capture 
history.  The data used in this work are a specific form of capture–recapture data. We collect 
data in continuous time hence we have only the total number of times a unit is captured.  
By means of an observational mechanism, i.e a register, a trapping system, a set of 
interviewers, a diagnostic devise, we can identify some population units and follow them in a 
specific time span. In this way, the observational mechanism provides us a list of population 
units with the count (i.e. the number of times) that they appear in the list. In the list we can 
observe individuals who are observed/captured 1, 2, 3, ..., times, however we cannot 
observe units not caught by the observational system. Hence, the list can be considered as 
incomplete and we want to estimate the hidden part of the population, i.e. the size of it not 
reported by our observational mechanism. Capture recapture data in this setting are usually 
called repeated counting data. To estimate the population size, one needs to model the 
counting process of observation/capturing. 

In this framework, an increasing attention has been devoted to the inflation of counts "one", 
i.e. the presence of an excess of "one"s , larger than compatible with any distributional
assumption, see Godwin and Böhning (2017), Godwin (2017), Godwin (2019), Böhning,
Kaskasamkul, and van der Heijden, (2018), Böhning and van der Heijden (2019), Böhning
and Friedl (2021).
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One-inflation can occur for different reasons; for instance, we observe one-inflation when 
some units of the population cannot be captured anymore after the first capture. This may be 
the case of some wild animal populations, when the animals that experienced the capture 
once, find it so unpleasant that some of them develop the desire and/or ability to avoid 
subsequent captures. A similar reasoning can be applied also to human populations, 
particularly when the first capture consists of law enforcement, involves imprisonment or 
reveals an undesirable characteristic/behaviour. See Godwin and Böhning (2017) for a rich 
discussion on justifications and conditions for one-inflation in capture-recapture, also 
including an interpretation of one-inflation as limiting case of the so-called "trap shy" 
behavioural model. 
 
One-inflation deserves specific attention due to its effect on usual estimators for population 
size. In general, when the observed counting model presents heterogeneity and this is 
ignored by the estimation procedure, it may produce severe underestimation in the 
population size. On the contrary, one-inflation may lead to overestimation of the usual 
estimators when not accounted for. This is true even for the well-known lower bound Chao 
estimator, which may severely overestimate the population size in the presence of one-
inflation, as discussed in Chiu and Chao (2016) and in Böhning, Kaskasamkul, and van der 
Heijden, (2018).  
 
In this paper we propose a Bayesian approach to count data models with one-inflation, for 
use in Horvitz–Thompson estimator of the population size. Under given conditions, the 
Bayesian approach results in population size estimates similar to the maximum likelihood 
ones, with the advantage of producing the credible intervals of the estimates as a by-product 
of the estimation procedure. Another advantage of the Bayesian approach is to allow 
incorporating previous knowledge on the hidden size of the population in the analysis, in the 
very favourable case in which this information is available to the analyst. Moreover, the 
Bayesian analysis allows testing the one-inflation assumption in a very natural way. 
 
We apply our Bayesian proposals to real data for estimating the size of some illegal 
population, using also some popular dataset available from the literature on capture-
recapture, where the issue of one-inflation has been recognised.  
 
2. Methodology 
 
According to the standard formulation, consider a closed population (no birth, death or 
migration) of size N. For each unit in the population, let Y be a random variable taking value 
j=0, 1, 2, … if the individual is observed/captured j times. We only observe the n individuals, 
such that j>0, with n ≤N.  
 
Let 𝑝𝑗 = 𝑃𝑟𝑜𝑏(𝑌 = 𝑗)  denote  the probability of a unit being captured j times, and 𝑛𝑗 denote 

the number of individuals observed j times, that is 𝑛𝑗 is the frequency of the count j. 

 Our interest is to estimate the unknown 𝑛0 = 𝑁 − 𝑛 units remain unobserved, actually the 
units observed in zero counts 𝑛0, and consequently N, on the basis of some model for the 

observed  𝑛𝑗. 

 
The Horvitz-Thompson estimator arises from the sum of both the unobserved and the 
observed cases n, by the solution of the estimating equation  
  

𝑁 = 𝑁𝑝0 + 𝑁(1 − 𝑝0) = 𝑛/(1 − 𝑝0) 
 
 where 𝑁(1 − 𝑝0) is the expected number of cases identified by the capture mechanism, 
estimated by the observed cases n. In the Horvitz–Thompson estimator, the probability of 
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being observed 0 times, 𝑝0, needs to be estimated by an appropriate model that describe the 
observed zero-truncated counts. 
  
Note that Bayesian inference for the population size N is straightforward under standard 
models for Y. Suppose for example that Y is Poisson distributed with mean λ. Let 𝑦 =
(𝑦1, … , 𝑦𝑛) be the observed number of captures for the n observed units and let s be their 

sum 𝑠 = ∑  𝑦𝑖
𝑛
𝑖=1   

The likelihood function for 𝜃 = (𝜆,𝑁) is given by 
 

 𝑓(𝑦, 𝑛| 𝜆, 𝑁) =  (
𝑁
𝑛
) 𝑒𝑥𝑝{−𝜆 (𝑁 − 𝑛)} 𝜆𝑛 𝑒𝑥𝑝{−𝜆 𝑠} 

  
Assuming a priori 𝑝(𝑁) ∝ 1/𝑁 and 𝜆 ∼ 𝐺𝑎𝑚𝑚𝑎 (𝑎𝑙 , 𝑏𝑙) and setting 𝑛0 = 𝑁 − 𝑛 the posterior 
for(𝜆, 𝑛0) is given by 

 𝑝(𝑛, 𝜆 |𝑦, 𝑛)  ∝  (
𝑛0 + 𝑛
𝑛

) 𝑒𝑥𝑝{−𝜆 𝑛0} 𝜆
𝑛+𝑎𝑙  𝑒𝑥𝑝{−𝜆 (𝑠 + 𝑏𝑙)}

1

𝑛0 + 𝑛
 

which can be easily simulated via a Gibbs sampler. In fact, the conditional distribution of 
𝜆 |𝑛0, 𝑦, 𝑛 is a Gamma  with parameters  𝑛 + 𝑎𝑙, 𝑠 + 𝑏𝑙 and the conditional distribution  

𝑛0 |𝜆, 𝑦, 𝑛 is  a Negative Binomial with size parameters equal to n and probability 𝑒𝑥𝑝{−𝜆 }.  
 
To include the one-inflation in our model, we assume that in our population a specific 
behavioural mechanism is acting. That is, an individual that without that mechanism would 
face multiple captures, now has a positive probability ω of being captured just once. 
 
Let Y denote the observed number of captures for a unit, and Y* the latent value we would 
observe without the behavioural mechanism. The two variables are linked by means of the 
following infinite transition matrix 
 
 
 
 

P= 
 
 
 
 
where the (𝑘, 𝑗) − 𝑡ℎ element represents the conditional probability 𝑃(𝑌 = 𝑗|𝑌∗ = 𝑘). Note 

that the first row comprises the probabilities {𝑝0𝑗}𝑗=0,1,… and the first column the probabilities 

{𝑝𝑘0}𝑘=0,1,….  

 
Let 𝑓(𝑘|𝜃) = 𝑃(𝑌∗ = 𝑘|𝜃) be the probability distribution, depending on some parameter θ, of 
the number of captures without the behaviour effect, and let F(θ) denote the associated c.d.f. 
Then, the resulting distribution for Y is the one-inflated model defined as follows: 
 

𝑃(𝑌 = 𝑗) = {

𝑓(0|𝜃) 𝑖𝑓 𝑗 = 0

(1 − 𝜔)𝑓(1|𝜃) + 𝜔(1 − 𝑓(0|𝜃)) 𝑖𝑓 𝑗 = 1
(1 − 𝜔)𝑓(𝑗|𝜃) 𝑖𝑓 𝑗 > 1

 

 
The conditional distribution of Y* when Y=j is concentrated on j when 𝑗 ≠  1, while, when j=1, 
we have: 
 

1 0 0 0 0 … 

0 1 0 0 0 … 

0 ω 1- ω 0 0 … 

0 ω 0 1- ω 0 … 

0 ω 0 0 1- ω … 

… … … … … … 
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𝑃(𝑌∗ = 𝑘 | 𝑌 = 1) =

{
 
 

 
 

0 𝑖𝑓 𝑘 = 0

𝑓(1|𝜃)

𝑓(1|𝜃) + 𝜔(1 − 𝐹(1|𝜃)
𝑖𝑓 𝑘 = 1

𝜔𝑓(𝑘|𝜃)

𝑓(1|𝜃) + 𝜔(1 − 𝐹(1|𝜃)
𝑖𝑓 𝑘 > 1

 

 
This setting allows for different specifications for our count data Y*, i.e. 𝑓(𝜃) can be a 
Poisson density, as in Godwin and Böhning (2017), or alternatively Y* can follow a Negative 
Binomial distribution, as in Godwin (2107). In both cases, a Gibbs sampler can be outlined 
for simulating from the conditional distributions of 𝜔, 𝑌∗, 𝑎𝑛𝑑  𝜃.  
 
3. Result 
 
In this section, we apply the proposed Bayesian model to a selection of popular case-studies 
in capture recapture literature. 
The following real cases are considered:  

1. the number of prostitutes in Vancouver, presented in Rossmo and Routledge (1990);  
2. opiate users in Rotterdam, already analysed by Cruyff and van der Heijden (2008); 
3. heroin users in Bangkok, from Böhning et al. (2004) Viwatwongkasem et al (2008). 

 
The evidence of one inflation in these data sets have been largely discussed already in 
Godwin and Böhining (2017) and Godwin (2017), where results from maximum likelihood 
analysis under Poisson and Negative Binomial distribution, respectively, can be found and 
compared with the results presented in this section. 
 
Table 1 shows the results from our Bayesian models for the selected case studies, reporting 
the posterior modes and credible intervals of the population sizes, N, as well as the posterior 
medians of the model parameters. In the table, we indicate with λ the parameter of the 
Poisson distribution. For the Negative Binomial distribution, we adopt the size and probability 
parameterization, indicated with r and p, respectively. The one-inflated models are indicated 
with the suffix ‘OI’. In table 1, we show also the results from a Bayesian analysis assuming 
the Poisson distribution and ignoring the one-inflation, to show the over-estimation occurring 
when one-inflation is ignored.  
 
Table 1. The posterior mode and credible intervals for the population size N, posterior 
median for ω and model parameters, for some popular real cases analysed 
 

Prostitutes in 
Vancouver 

N HPD(N) ω λ r p 

 Poisson 1237 1178 - 1301  1.253   

 OIP 1016 980 - 1057 0.439 2.037   

 OINB 1304 1100 - 2174 0.274  1.947 0.604    

Opiate users in 
Rotterdam 

N HPD(N) ω λ r p 

 Poisson 2929 2832 - 3038  1.174   

 OIP 2500 2418 - 2587 0.336 1.663   

 OINB 3769 3140 - 5533 0.086  1.397 0.618     

Heroin users in 
Bangkok 

N HPD(N) ω λ r p 

 Poisson 9453 9427 - 9477  4.134   

 OIP 9364 9349 - 9380 0.207 5.004   

 OINB 10865 10629 - 11111 0.055  1.612 0.300    
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4. Discussion and Conclusion 
 
In this paper we propose a Bayesian approach to count data models with one-inflation, for 
use in Horvitz–Thompson estimator of the population size. The one-inflation can introduce 
severe overestimation in traditional capture-recapture estimator, if not properly accounted 
for. Our Bayesian approach results in population size estimates similar to the maximum 
likelihood ones, under non informative prior distribution, with the advantage of producing the 
credible intervals of the estimates as a by-product of the estimation procedure. Another 
advantage of the Bayesian approach is to allow incorporating previous knowledge on the 
hidden size of the population in the analysis, in the very favourable case in which this 
information is available to the analyst. The role of prior distributions is topic for further 
investigation. 
  
We apply our Bayesian proposals to real data for estimating the size of some illegal 
population, using also some popular dataset available from the literature on capture-
recapture, where the issue of one-inflation has been recognised. The properties of our model 
are highlighted also by a simulation study, not presented in these proceedings for the sake 
of brevity.  
 
A possible extension of this work aims at incorporating, in a natural way, a Bayesian test for 
the one-inflation assumption.  
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