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To	  start	  with,	  a	  tradi6onal	  census	  
costs	  too	  much,	  takes	  too	  long…	  
•  Alterna-ve:	  popula6on	  register	  (PR)	  for	  some	  only,	  
administra-ve	  registers	  for	  all	  

•  Q1:	  What	  if	  one	  replaces	  the	  census	  with	  a	  register?	  
•  Trimmed	  Dual	  System	  Es6ma6on	  (TDSE)	  
–  Basic	  idea;	  addi6onal	  complica6ons;	  possibly	  combining	  
with	  addi6onal	  modelling	  

•  Poten6al	  areas	  of	  applica6on	  
–  Popula6on	  size	  es6ma6on:	  regular	  or	  irregular	  
–  Health	  screening	  ,	  edit	  scoring,	  etc.	  

•  The	  Irish	  ques6on	  (Q2):	  Can	  one	  es6mate	  popula6on	  
size	  without	  census,	  nor	  PR,	  nor	  survey?	  	  
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Trimmed	  DSE	  (TDSE)	  
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Stopping	  rule	  
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What	  if	  both	  lists	  have	  erroneous	  enumera-ons?	  	  
(1) Assumption of independence btw L1 and L2  necessary for trimmed DSE.

(2) Let the naive face-value DSE be   N̂0 =
n1n2

n12

    in an obvious notation.

Let the ideal DSE be   !N =
(n1 − r1)(n2 − r2 )

n12 − r12

   after removing the errors.
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i.e. provided relatively fewer errorneous records among the matched list,
the face-value DSE remains biased upwards; whereas it is downwards biased

in the oppsite case; and unbiased if  E(
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Notice the form P(A)+P(B)-P(A)P(B) on the right-hand side, which corresponds
to the case where erroneous records occur randomly across L1, L2  and L12,



(3) Suppose scoring yields  (k1,  k2,  k12 ) units in L1, L2  and L12  respectively.

Put the trimmed DSE (TDSE)      N̂k1k2
=

(n1 − k1)(n2 − k2 )
n12 − k12

We have      N̂k1k2
< N̂0      iff     

k12

n12

<
k1

n1

+
k2

n2

−
k1

n1

k2

n2

i.e. TDSE reduces the bias of N̂0  provide scoring is more effective than 

random selection, and !N < N̂0  to start with.

(4) Provided !N > N̂0  to start with, which is unlikely in the census context,
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What	  about	  TDSE	  in	  the	  presence	  of	  linkage	  errors?	  

List	  A	  
(size	  x)	  

Target	  popula6on	  U	  
(size	  N,	  unknown)	  

Survey	  S	  
(size	  n)	  

r =
| \ |A Uu	  =	  missing	  

e	  =	  false	  links	  
e	  =	  false	  	  	  links	  

Black: target population U
Blue: list A with under- and over-coverage
Green: survey S with only under-coverage
Dottet area: linked set S∩A with linkage error
no. missing matches = u
no. false links = e (invloing records in S and A)
Let the linked set be of size M, where M ≠ m,
and m is the size of the true matched set.

We have   E(M|m,S,A) = m - E(u|-) + E(e|-) = m - m ⋅ f + E(M|-) ⋅q
⇒    m̂ = M ⋅ λ    where  λ= (1-q)/(1-f)

f = m−1E(u|m,S,A) is the missing rate and q = E(e/M|m,S,A) the false link rate
⇒    !NL  = n(x-r)/(Mλ) = approx. unbiased linkage DSE (LDSE)



Face-value DSE:   N̂0 = nx / M

Hypothetical  ideal DSE :   !N = n(x − r) / m   without linkage errors
Hypothetical linkage DSE (LDSE):   !NL = n(x − r) / (Mλ)   with linkage errors

We have   λ = (1− q) / (1− f) ≈ (1− q)(1+ f),   so that
           N̂0 >

!NL   ⇔   r > x(1-λ) ≈ x[q(1+ f )− f ]

More simply, "conservative" linkage if  q<f  ⇔  λ>1⇔  E(M|m,S,A)<m 
⇒    N̂0 >

!NL ≈
!N

It follows that given the actual linkage result, with plug-in λ̂, 
the trimmed linkage DSE (TLDSE) can be given as

     N̂k = n
x − k

(M− k1)λ̂

It can be expected to bahave similarly as the TDSE in the absence of linkage errors.
NB. A more subtle discussion requires one to know how λ changes under scoring.



What	  if	  trimming	  can	  not	  do	  all	  the	  job?	  	  
Need	  at	  least	  2	  lists,	  in	  addi6on	  to	  coverage	  survey	  (S)	  

NB.	  subscript	  =	  domain	  indicator	  (uab);	  N000	  =	  0	  by	  defini6on	  	  
Zhang	  (2015)	  examine	  possible	  log-‐linear	  models	  for	  
-‐  Target	  popula6on	  U	  
-‐  List-‐target	  universe	  U*	  =	  union	  of	  U,	  A	  and	  B	  	  
-‐  List	  universe	  UL	  =	  union	  of	  A	  and	  B	  	  



Two	  well-‐defined,	  generalisable	  models	  	  
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Genera-‐	  
lisa6on:	  



Combine	  Trimming	  e.g.	  with	  Model	  (11):	  
Trim	  the	  ini6al	  lists	  A	  and	  B	  in	  order	  to	  move	  them	  into	  the	  
well-‐fieng	  range	  of	  model	  (11)	  ?	  	  	  

Back	  to	  the	  2-‐list	  situa6on…	  



The	  Irish	  case:	  data	  sources	  

PAR	  -‐	  Person	  
Ac-vity	  Register	  
(CSO-‐PPSN)	  
2011	  (4.3m)	  
Admin	  Ac6ve	  
Popula6on	  during	  
year	  
Signs	  of	  life	  (SoL)	  

Sources	  
(Cradle	  to	  Grave)	  
	  -‐	  Births	  
	  -‐	  Child	  benefit	  
	  -‐	  Post	  primary	  
	  -‐	  Higher	  Ed	  
	  -‐	  Further	  Ed	  
	  -‐	  Employee	  
	  -‐	  Self	  Employed	  
	  -‐	  Social	  Welfare	  
	  -‐	  Drivers	  	  
	  -‐	  Medical	  (to	  be)	  
	  -‐	  Pensions	  
	  -‐	  Deaths	  

Person	  Ac6vity	  Register	  
(PAR)	  only	  includes	  those	  
for	  whom	  there	  has	  been	  
evidence	  	  of	  engaging	  in	  
key	  administra6ve	  
systems	  in	  a	  given	  year.	  
-‐	  Over-‐coverage	  can	  be	  
“defined	  away”,	  but	  is	  
subjected	  to	  discussion.	  
-‐	  Under-‐coverage	  by	  and	  
large	  to	  be	  expected	  



Popula6on	  es6mate	  =	  PAR	  enumera6on?	  

For	  the	  year	  2011	  in	  Ireland,	  
	  taking	  a	  “signs	  of	  life”	  approach	  	  

the	  Person	  Ac6vity	  Register	  iden6fied	  ac6vity	  from	  	  
4.35m	  persons	  	  

on	  Public	  Administra6on	  Systems.	  

4.59m	  people	  were	  enumerated	  	  
on	  Census	  night	  in	  2011	  



The	  Irish	  case:	  create	  a	  seeng	  for	  DSE?	  

PAR	  -‐	  Person	  
Ac-vity	  Register	  
excluding	  Driver	  
source,	  remaining	  	  
Signs	  of	  life	  (SoL)	  

Sources	  
(Cradle	  to	  Grave)	  
	  -‐	  Births	  
	  -‐	  Child	  benefit	  
	  -‐	  Post	  primary	  
	  -‐	  Higher	  Ed	  
	  -‐	  Further	  Ed	  
	  -‐	  Employee	  
	  -‐	  Self	  Employed	  
	  -‐	  Social	  Welfare	  
	  -‐	  Drivers	  	  
	  -‐	  Medical	  (to	  be)	  
	  -‐	  Pensions	  
	  -‐	  Deaths	  

Driver	  licence	  renewals	  
and	  applica6ons	  in	  a	  
given	  year	  
-‐  Renewal	  every	  10	  

years	  required	  
-‐  Poten6ally	  ≈	  

independent	  cohort	  

List	  1	  	  	   List	  	  2	  	  

Some	  DSE	  assump6ons	  
1.  Closed	  popula6on	  
2.  Homogeneity	  
3.  Matching	  
4.  Independence	  
5.  [Erroneous	  

records]	  

TDSE:	  	  
-‐	  Simple	  scoring:	  if	  
annual	  earnings	  less	  than	  
[0k,	  1k,	  …,	  10k]	  
-‐	  Smart	  scoring:	  not	  if	  
other	  SoL	  can	  be	  found	  



Age	  40	  -‐	  44	  PAR	  scoring:	  smart	  (lep),	  simple	  (right)	  

2013:	  PAR	  not	  finalised,	  lack	  of	  self-‐employed	  



Female	  40	  -‐	  44	  PAR	  TDSE:	  smart	  (lep),	  simple	  (right)	  

2013:	  PAR	  not	  finalised,	  lack	  of	  self-‐employed	  



Age	  25	  -‐	  29	  PAR	  scoring:	  smart	  (lep),	  simple	  (right)	  

2013:	  PAR	  not	  finalised,	  lack	  of	  self-‐employed	  



Female	  25	  -‐	  29	  PAR	  TDSE:	  smart	  (lep),	  simple	  (right)	  

2013:	  PAR	  not	  finalised,	  lack	  of	  self-‐employed	  



Discussion	  
•  As	  by	  theory:	  larger	  k	  ≠	  smaller	  N	  es6mate	  

–  Bias:	  Scoring	  rate	  vs.	  prevalence	  of	  err.	  records	  
–  Variance:	  increases	  with	  extent	  of	  scoring	  

•  Stability	  &	  composi6on	  of	  “Driver	  cohorts”:	  
–  had	  everyone	  become	  a	  driver	  only	  at	  exactly	  the	  same	  point	  in	  their	  life,	  

only	  a	  sub-‐popula6on	  can	  be	  proved	  in	  any	  given	  year	  
•  Implica6ons	  of	  L2	  =	  Driver	  cohorts	  

–  Target	  popula6on	  =	  one	  for	  which	  Driver	  cohorts	  have	  only	  
under-‐	  but	  not	  over-‐coverage	  

–  Temporary	  workers	  or	  other	  special	  groups:	  random	  but	  not	  
systema6c	  under-‐enumera6on	  

•  Address/Immobility	  Register	  and	  address	  registra6on:	  
Cri6cal	  for	  census-‐like	  detailed	  popula6on	  sta6s6cs	  	  


