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Assessment and Comparison of
Two Source Capture Recapture Methods
Performance

Iki Kaynak Yakalama Tekrar Yakalama
Yontemlerinin Performansinin
Degerlendirilmesi ve Karsilagtirilmasi

ABSTRACT Objective: The aim of this study is to assess the performance of Lincoln — Peter-
sen, Chapman and Bailey two source Capture Recapture methods. Material and Methods: The
Capture Recapture methods were applied with simulation studies on data obtained from survey
to estimate the population size of families with at least one disabled individual in Turkey with
small, medium and large samples, and to compare the performance of these estimators with dif-
ferent sample sizes with Root Mean Squared Error (RMSE) measure. Results: From the compari-
son part of the mentioned Capture Recapture methods, the Lincoln - Petersen method provides
more reliable results than Chapman and Bailey methods in small sample size one and two, but
undefined when there were no element recaptured in sample two. Chapman and Bailey metho-
ds provides better estimates than Lincoln — Petersen method when dealing with big sample one
and small sample two. When working with big samples are all the three estimators mentioned in
this study provides better estimates with least RMSE. Conclusion: At the conclusion part of this
study we remark that, when dealing with small samples I and II Lincoln — Petersen should be
considered but when no element recaptured in the second sample researchers should consider
Chapman and Bailey methods as alternative. When dealing with big size sample I and small size
sample IT Chapman and Bailey methods should be considered and when both samples are large
all the methods discuss in this study can be considered.

Keywords: Capture recapture; assessment and comparison; lincoln—petersen method;
chapman method; bailey method

OZET Amag: Bu galismanin amaci, Lincoln — Petersen, Chapman ve Bailey Capture Recapture
yontemlerinin performanslarini simiilasyon ¢aligmalari ile degerlendirmektir. Gereg ve Yén-
temler: Bu calismada, Tiirkiye’de kiiciik, orta ve biiyiik 6rneklemler ile en az bir engelli birey
igeren ailelerin popiilasyon biiyiikliigiinii belirlemek igin yapilan anket verileri kullanilmigtir.
Tahmin edicilerin performanslarini Hata Kareler Ortalamasin K6kt (RMSE) 6l¢titii kullanilarak
kargilagtirilmigtir. Bulgular:Yakalama Tekrar Yakalama yontemlerinden olan Lincoln - Petersen
yontemi, Kiigiik 6rneklemler biiyiikliigii Chapman ve Bailey yontemlerine gore daha giiveni-
lir sonuglar vermektedir, ancak geri yakalama (Recapture) degeri sifir oldugunda tanimsizdur.
Biiyiik 6rneklem bir ve kiigiik 6rneklem iki oldugunda Chapman ve Bailey yontemleri Lincoln-
Petersen yonteminden daha iyi tahmin sonuglar1 vermistir. Her iki 6rneklem biiyiikliigii biiyiik
oldugunda ise, bu ¢alismada bahsedilen ii¢ tahmin y6ntemlerinin hepsini disik RMSE ile iyi
tahmin sonuglar1 vermistir. Sonug: Bu ¢alisgmanin sonucunda, kii¢iik 6rneklem bir ve iki ile
ilgilenildiginde Lincoln-Petersen yontemi, fakat ikinci 6rneklemde higbir birim tekrar yakalan-
madiginda Chapman ve Bailey yontemlerini alternatif olarak diiginmemelidir. Biiyiik boyutlu
orneklem bir ve kiigiik boyutlu 6rneklem iki ile ilgilenilirken Chapman ve Bailey yontemleri
dikkate alinmali ve her iki 6rnek biiyiik oldugunda bu ¢aligmada tartisilan yontemlerin timii
dustiniilebilir.

Anahtar Kelimeler: Yakalama tekrer yakalama; degerlendirme ve karsilastirma;
lincoln- petersen y6ntemi; chapman yontemi; bailey yéntemi
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ensus is the process of reaching all the elements in a population and obtaining the desired infor-

mation.! As census is considered as means of assessing population sampling survey methods are

also important in assessing population size. One of the statistical survey methods used to estimate
a population size is Capture recapture method. Capture recapture methods have been applied to estimate
population size when the number of elements in a population is unknown.?

Despite Capture recapture methods were been widely used in estimating the perimeters of fish and wild
animal abundance, in recent years the methods are among the common statistical methods applied in he-
alth sciences, epidemiology and social fields in estimating population size.>* Besides estimating population
size, Capture recapture methods are been use to assess population parameters such as varieties of wild
animals, immigration, emigration and survival rate.’

In Capture Recapture method, samples are taken in two or more occasion at random from the study po-
pulation, the first sample caught are release to the population after marking or tagging. Capture Recapture
methods are applied by counting the number of tagged or marked elements in each sampling occasion
after the first sample.®

The Capture Recapture methods are categorized in to open and closed depending on the structure of the
population. In some cases the population will not be closed for increase or decrease in terms of birth, de-
ath, migration and other factors such data source is classified as open source. While an open population
is one that changes during the study period, because of any combination of births, deaths, immigration,
or emigration.” Capture Recapture methods for closed populations are mainly grouped in two categories:
those dealing with only two samples and those dealing with more than two samples.*®° This study is desig-
ned to focus on assessing the performance of Lincoln — Petersen, Chapman and Bailey two source Capture
Recapture methods on different sample sizes.

CAPTURE RECAPTURE METHODS FOR CLOSE DATA SOURCE

Close population methods assume that there are no gains (births or immigration) or losses (deaths or emig-
ration) of element during the course of the study.'

The basic assumptions of two source Capture Recapture methods are:

(I) The closure of list or study field to increased or decreased: in such case the population is assumed closed
to increase or decreased throughout the study.

(II) All elements have equal chance of appearing in each sample: in such case the tag or mark should not
affect the inclusion of the element after the first sample and all elements will have equal chance of appe-
aring in the samples.

(III) Marks or tagging given to the elements will remain: the marks or tags on the elements are assumed
to be on the elements for identification throughout the study period.

(IV) The independency of the data source: all the samples assumed to be independently taken from the
study population.'?

CAPTURE RECAPTURE METHODS FOR TWO SOURCES CLOSED POPULATION

The simplest version of this methodology, also known as dual systems estimation which involves only
one marking and two sampling occasions is the two source Capture Recapture and it is only applicable
for close population. Some of the points to be considered for these methods are: when elements lost in
the population, estimate will be for the beginning of the study, when elements gained during the study
period, the estimated population size will be for after the first sample and when there are gains and losses
of elements the estimates will be biased.'
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APPLICATIONS OF TWO SOURCE CAPTURE RECAPTURE METHODS IN FIELD STUDY

Capture Recapture methods are applied in field survey to estimate the population size of specific animals,
homeless people etc. The Capture Recapture methods for two sampling occasion is applied following the
procedures given bellow.

i. Randomly n, elements are captured as first sample from the study population, after the first sample n,
marked and released in to the population, the proportion of marked elements in the population will be
n /N, where N is the population size.*

ii. After given time for the marked to mix with the unmarked elements in the population, second sample
n, is captured and in sample n, the mark elements are recorded as m,, contingency table for two source
Capture Recapture methods is given in Tablel.

APPLICATIONS OF TWO SOURCE CAPTURE RECAPTURE METHODS IN STUDIES WITH TWO REGISTRY LISTS

Capture Recapture methods are applied in registry list to estimate the population size of interest following
the steps given bellow. This list might be patients in a hospital, employees in a firm etc.

i. Two lists are collected as list n, list n, and matched to identify the elements appeared in both lists.

ii. For easy identification of the elements, demographic or other identities like name, surname, sex, age,
house number etc. are used to identify the matching elements. Then m, will donate the matching ele-
ments identified from the lists.

Two by two table is formed as given in Table 1 with n number of elements in first sample, n, number of
elements in second sample, m, number of matching element captured in both samples, (n,-m,) number
of elements in first sample not in the second sample, (n,-m,) number of elements found in second sample
not in first sample, N total number of elements in the population.

The number of elements that did not appear in either of the samples (m,) is unknown, therefore will
be estimated by m, using independency in equation-1

~ (ny—m3y)(n{—my)
M= 1)

The independency assumption in Capture Recapture studies is tested with the formula given in equ-
ation-2

my mp ~1
(nz—mz)(n;—mj3) ()
If the two sources were independent the odds close to one.
LINCOLN-PETERSEN METHOD

Lincoln — Petersen method is applied to estimate the population size of unknown closed population by
sampling in two different occasions.’

Lincoln — Petersen method is applied when a population is closed to increase or decrease, all elements
have equal chance of capturing in each sampling occasion and when the two samples are independent.!!

TABLE 1: Contingency table for two source Capture Recapture methods.
Samples Sample 2
Present Absent Total
Sample 1 Present m, n-m, n,
Absent n,~m, m,
Total n, N
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In Lincoln — Petersen experiments, after the first sample n, marked and released in to the population, the
proportion of marked elements in the population will be n/N and when the second sample n, elements
are captured the proportion of the marked elements in the sample n, will be m /n.. If the two samples are
independent, then number of the elements recaptured should be approximately equal to the marked rate
in the population.? Therefore we have,

n; _ my

2= 3)

ny

From equation-3 the Lincoln-Petersen estimator of total population size ( N ,p) is given in equation-4;

o (4)

Variance and standard deviation of the total population is given by Lincoln — Petersen are given equation-5
and equation-6 respectively;

_ nyny(n;—my)(ny—my)

Varg,, = e )
_ _ 3 _ ngnz(ng—my)(nz—my)

sdg,, = \/Var( Nip) —\/ —~ 6)

Confidence interval of Lincoln — Petersen is given in equatoin-7.

Cle = N +7 xsde = N +7 niny(ng;—my)(nz—my) v
Nep — NP T Zg/2 Nep — NLP T 4g/2 — (7)

CHAPMAN METHOD

Lincoln—Petersen method is undefined when the number marked elements captured in the second sample
is zero (m,=0), i.e., when there is no element appeared in both sample one and sample two. This problem
was addressed by Chapman by finding a modification of the Lincoln— Petersen Index able to estimate the
population size also when m,=0."

Chapman developed a modification of Lincoln — Petersen method to overcome the problems when the
number of elements recaptured in second sample is zero m,=0. The Chapman method depends on Hyper-
geometric model which assumed n, and n, to be constant.

The population size is estimated by Chapman method as given in equation-8

5 _ (n1+1)(n2+1) _

Nee ==y 1 8)
Variance and standard deviation of the population estimated by Chapman is given in equation-9 and
equation-10 respectively

R _ (n1+1)(nz+1)(n;—m3)(ny—my)
Var(N cp) [(mz+1)2(mz+2)] ©

Sd(NCP :\/(nl+1)(nz+1)(n1—m2)(nz—m2) (10)

[(mz+1)?(mz+2)]

Confidence interval of Chapman Method is given in equation-11.
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(n;+1)(nz+1)(n;—my)(n;—my)

CINcp = Nep £ Zy/7 X Sd(Ncp) =Nep & Za/Z\/ [(mz+1)2(m;+2)] {4

BAILEY METHOD

Lincoln — Petersen method of population estimation is unbiased when the number of elements recaptu-
red in the second sample (m,) is big enough (greater than 20), but when m, is small the method is biased
and undefine when m,=0." Bailey developed a modification of Lincoln — Petersen method by 1 to second
sample n, and marked elements recaptured in the second sample m, which is said to be less bias."*

The population size is estimated by Bailey method as given in equation-12

5 _ nl(n2+1) 12
N1 = e (12)

Variance and standard deviation of the population estimated by Bailey is given in equation-13 and equa-
tion-14 respectively

n12(n2+1)(n2—m2)
(mz+1)2 (mz+2)

 _ [mi?(mz+1)(nz—my)
SR, = \/ (mz+1)? (my+2) (14)

Varg, = (13)

Confidence interval of Bailey Method is given in equation-15

SR N n;2(nz+1)(nz—my) (15)
Clig, = New £ Za/zSdNBL_ New £ ZG/Z\/ (mz+1)% (m3+2)

I MATERIAL AND METHODS

The aim of this study is to assess the performance of two source Capture Recapture methods namely Lin-
coln — Petersen, Chapman and Bailey methods on different sample sizes. Data for this study was obtained
from survey conducted on Uludag University students using Capture Recapture techniques aimed to esti-
mating the population size of families with at least one disabled individual. The survey questionnaire for
this study is approved by Uludag University ethics Board (Grant no: 2015-13/5).

QUESTIONNAIRE FOR APPLICATION OF CAPTURE RECAPTURE STUDY
Sample Size

The population size of the student studying at Uludag University Gorukle campus at the time of the study
was N = 38258 and disability rate in Turkey by other study is 0.026."> The margin of error d=0.01 with
significance level a=0.05. This information was considered as reference for the calculation of sample size
needed in this study, which gave us the sample size needed in each sampling occasion I and II (n=1000).

The Procedures Followed in Capture Recapture Application;

The basic assumptions for applying two sources Capture Recapture methods are independency of samples,
each element has equal chance of being captured or appeared in each sample and the list or study field
must be closed to increase or decrease during the study period. Uludag University Gorukle campus, 2015-
2016 academic session, stream semester was considered suitable to conduct the study.

The samples were taken from 5 different locations in the campus (Library bus top, Hostel bus stop, audi-
torium bus stop, cafeteria bus stop and university metro station) by same pair of survey experts in each
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sampling occasion and location. Each of the two samples was taken in ten working days and three weeks
interval was given between the samples.

For easy identification of the recaptured individuals, some socio demographic information were asked
and in the second sample survey questionnaire “have you respond to this questionnaire before (in the past
three weeks)” question was added.

ASSESSMENT AND COMPARISON OF LINCOLN - PETERSEN, CHAPMAN AND BAILEY METHODS ON
DIFFERENT SAMPLE SIZE

Number of number of extended families with disabled individual found in the study survey is 528 out of
1953 responders was considered as hypothetic population of this study. Second samples of the study were
drawn equal or less than the first sample size at random from the hypothetic population considered for
this study in 25, 50, 100, 250, 500, 750 and 1000. For each of the Capture Recapture combination, 200
replicate were performed. The sample was repeated when the result is undefined to apply Lincoln-Pe-
tersen methods. Root Mean Square Error (RMSE) measure was used to compute the performance of the
Lincoln - Petersen, Chapman and Bailey methods. (Equation-16)

z:{l=1(Ni_N)z
n

RMSE = (16)

Ni:Estimated population i
N:True population of the study

n: Number of replicates

N FINDINGS
COMPARISON OF LINCOLN — PETERSEN, CHAPMAN AND BAILEY METHODS BY SAMPLE SIZE

Different of sample size I and II were used to evaluate and compare the performance of Lincoln — Petersen,
Chapman and Bailey Methods with RMSE given in Table 2.

I RESULTS AND DISCUSSIONS

Population census becomes difficult due to time consuming, large amount of budget and other relevant fac-
tors. Sampling survey methods are applied when census becomes impossible. Population size is important eit-
her in getting information of the study population sampling or interpreting the results and findings of study
on population. In some cases we may interested in knowing the population of specific elements or elements
with specific features and we cannot take a complete census to get the information. In such cases Capture
Recapture techniques are designed to formulate estimates of population size.' In this study we focused on
assessing the performance and comparison of the performance of three Capture Recapture methods namely
Lincoln - Petersen, Chapman and Bailey Methods used in estimating population size of closed population.

In estimation of population of this study, Lincoln - Petersen gave better estimate than Chapman and Bailey
methods when the first sample size is small. However, when the number of recaptured elements is not big
enough (greater than 20), the estimate of the population could be biased.®®* When the first sample size
is small and second sample size is increasing, Lincoln — Petersen showed improvement. When comparing
Chapman and Bailey in small size sample one, Chapman method showed better estimate even though there
were no big differences (Figure 1).
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TABLE 2: Root Mean Square Errors of the estimators.
Sample | Sample Il Lincoln - Petersen Chapman n1 Bailey
R25 431.82 469.06 473.64
630 R50 358.62 426.60 432.42
R25 354.60 42413 428.54
C100 R50 257.29 354.51 359.46
R100 228.54 240.63 248.71
R25 284.33 323.00 324.66
o R50 267.37 204.98 207.58
R100 243.60 159.58 161.53
R250 192.87 140.70 139.05
R25 301.16 189.92 190.54
R50 274.34 164.22 164.42
C500 R100 136.81 117.93 117.43
R250 73.56 70.16 69.88
R500 53.15 52.22 52.00
R25 368.99 186.00 185.56
R50 283.12 180.12 179.51
e R100 148.00 124.62 124.30
R250 94.11 88.41 88.12
R500 59.89 57.84 57.44
R750 46.69 45.25 44.69
R25 314.86 172.96 172.51
R50 170.54 137.80 137.30
R100 123.44 104.97 104.62
C1000 R250 70.18 66.73 66.46
R500 39.59 38.98 38.92
R750 29.60 29.40 29.40
R1000 23.04 22.95 22.95

C: Capture (Sample I)  R: Recapture (Sample Il)

In this study, when the first sample size is big, Chapman and Bailey methods gave better estimation results
than Lincoln — Petersen method and Bailey method gave a little bit better estimation than Chapman met-
hod when the two methods are compared.

The population used for this study N=1953, the size of first and second sample ranged from 1.3% to 51%
of the population. In similar study, Yang and Pal (2010) conducted a study on population size N=1000 and
the sample sizes were ranging from 1% to 25% of the population.’ In this study a larger population N=1953,
sample sizes ranging from 1.3% to 51% of the population and more scenarios were considered to assess
and compare the performance of the estimators on different sample sizes. Considering the proportion of
population and sample sizes of Yang and Pall (2010) and this study, in terms of small and large sample sizes
both studies shows similar results.

El Allaki et. al. (2015) evaluated the performance of some estimators in their work on small medium and
large population sizes. In their study they showed that Chapman method gave more error than Lincoln —
Petersen method in small and large population while in medium size population Lincoln — Petersen and
Chapman showed similar performance.’
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FIGURE 1: Graphical representation of the estimators RMSE on different sample sizes n,, n,.

¥ CONGLUSION

At the conclusion part of this study we remark that, when dealing with small samples Lincoln — Petersen
should be considered but when no element recaptured in the second sample researchers should consider
Chapman and Bailey methods as alternative. When dealing with big size sample one and small size sample
two Chapman and Bailey methods should be considered and when both samples are large all the methods
discuss in this study can be considered.
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