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• In Korea, the Census list of households is commonly used as sampling 

frames for small areas (e.g., enumeration districts (EDs)), randomly 

selected in national household surveys. 

 

• It enables many surveys to be done cheaper and faster than is possible 

with on-site enumeration for building area sampling frames. 
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• But since the Census is conducted every five years, the list of 

households is often out of date in many regions, especially due  

    to the construction for high-rise residential and apartment buildings. 

 

• However, the coverage or accuracy of the list has never been 

estimated systematically in a national or provincial level. 
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• We evaluate the coverage and accuracy of the 2010 Census list of 

households based on highly advanced information technology (IT) 

including Road Name Address Information System (new address 

Internet information service) and online map service (daum, naver, 

etc.) in 2013 as well as a sophisticated sample design. 

 

• Also, we illustrate an alternative, which uses a new map service called 

“Web Blocker” and may be more useful to measure undercount or 

overcount of the Census list of households or housing units in the near 

future. 
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Sample Design 
 

• Stratified two-stage unequal-probability sampling method is used to 

estimate the coverage or accuracy of the Census list of households. 

 
1) The first stage of sampling involves dividing Korea into 226 primary 

sampling units (PSUs). The PSUs are then grouped into 48 strata 

on the basis of survey information. Two or three PSUs are sampled 

in each stratum with 𝜋𝑃𝑆 sampling. 

 

2) In the second stage, a sample of EDs is drawn with probability 

proportional to size sampling with replacement. The number of the 

selected EDs is 4,644. These EDs have about 60 households on 

average. 
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Sample Design (Cont.) 

 

• Selection Procedures for Two-Stage Area Sampling 
 

 
First stage Second stage 

Sampling Unit City or County Enumeration District (ED) 

Sampling Method 

𝜋𝑃𝑆 sampling(Sampford,  1967)   

for selecting 2 or 3 cities  

from each stratum 

PPS without replacement sampling  

for selecting several EDs  

from each selected city 



10 

Sample Design (Cont.) 
 

 

• Size Distribution of EDs by Province  
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Using New IT  
 

• The  detailed maps with new address information on the Internet 

services showing the location of individual households open to the 

public are matched to the Census list of households in each 

selected ED.  

 

• Additionally, a variety of online map services are used. 
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Advantages of Using New IT 
 

• New IT provides useful information such as 

 

1) Address of every structure or building 

2) Type of structure 

3) Number of dwellings 

4) Outside of a structure and surroundings 
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Advantages of Using New IT (Cont.) 
 

 

• Road Name Address Information System (Ministry of Security and Public Administration) 

Apartment 

Multi-unit housing 

Administrative structure 

Police station, Fire station 
Educational facilities 

Cultural facilities 
Theater 

Medical facility 
Dental clinic 

Accommodation 

Religious facilities 

Financial institutions 

Sales installation 
(transportation) 
Sports facilities 

Business 

Gas station 

Otherwise 
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Advantages of Using New IT (Cont.) 
 

 

• Matching to other online map service 
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Estimation of Proportion of EDs with Non-coverage  

(Erroneous Enumerations, Omissions, New Constructions, Demolitions) 
 

• Notation 
 

‒ 𝐺 : The number of all EDs in population 

‒ 𝐻: The number of strata, ℎ = 1,… ,𝐻 

‒ 𝑁ℎ: The number of all PSUs (Cities or Counties) in stratum ℎ 

‒ 𝑀ℎ𝑖: The number of all EDs in 𝑖𝑡ℎ  PSU of stratum ℎ 

‒ 𝑛ℎ: The number of selected PSUs in stratum ℎ 

‒ 𝜋ℎ𝑖: The first-order inclusion probability for 𝑖𝑡ℎ PSU in stratum ℎ of sample 

‒ 𝜋ℎ𝑖𝑘: The second-order inclusion probability for 𝑖𝑡ℎ and k𝑡ℎ PSU in stratum ℎ of sample 

‒ 𝑚ℎ𝑖: The number of sampled EDs in 𝑖𝑡ℎ  PSU of stratum ℎ 

‒ 𝑝ℎ𝑖𝑗: Relative size for 𝑗𝑡ℎ ED in 𝑖𝑡ℎ PSU of stratum ℎ 

‒ 𝑦ℎ𝑖𝑗: Value of the study variable for 𝑗𝑡ℎ ED in 𝑖𝑡ℎ  PSU of stratum ℎ 
‒ 𝑌ℎ𝑖: Value of the sum of all 𝑦ℎ𝑖𝑗s in 𝑖𝑡ℎ PSU of stratum ℎ 

‒ 𝑌 ℎ𝑖: Estimator of the sum of all 𝑦ℎ𝑖𝑗s in 𝑖𝑡ℎ  PSU of stratum ℎ 
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Estimation of Proportion of EDs with Non-coverage (Cont.) 
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 Joint selection probabilities 𝝅𝒉𝒊𝒌 for all pairs of selected PSUs in each stratum 

 

• 𝜋ℎ𝑖𝑘 = 𝑄ℎλℎ𝑖λℎ𝑘  𝑡 − 𝑛ℎ 𝑧ℎ𝑖 + 𝑧ℎ𝑘 𝐿ℎ, 𝑛ℎ−𝑡 (𝑖𝑘 )
𝑛ℎ
𝑡=2 𝑛ℎ

𝑡−2  

 

where  𝑧ℎ𝑖 is the relative size for 𝑖𝑡ℎ PSU, λℎ𝑖 = 𝑧ℎ𝑖 1 − 𝑛ℎ𝑧ℎ𝑖 , 

                                                       𝑄ℎ = 1  𝑡𝐿ℎ, 𝑛ℎ−𝑡 /𝑛ℎ
𝑡𝑛ℎ

𝑡=1 , 

                                                                                         𝐿ℎ,𝑣 =  λℎ𝑖1
λℎ𝑖2

⋯λℎ𝑖𝑣𝑆ℎ(𝑣) .  

 

𝑆ℎ(𝑣)denotes all possible samples of size 𝑣, for 𝑣 = 1,2, … , 𝑁ℎ.  

The sum 𝐿ℎ,𝑣 (𝑖𝑘 ) is defined similarly to 𝐿ℎ,𝑣 but sums over all possible samples 

of size 𝑣 that do not include units 𝑖 and k. 
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Examples of EDs that need to be replaced 
 

• Paper Map of 2010 Census EDs (A, B) (ED 035-1, Pungsan-dong, Hanam-si, Gyeonggi-do) 
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Examples of EDs that need to be replaced (Cont.) 
 

• Satellite image in 2013 (ED 035-1) 

: Development-prearranged area (Misa-bogeumzari) 
 

 

 



22 

Examples of EDs that need to be replaced (Cont.) 
 

• 2013 Road Name Address Information System (ED 035-1) 

  - No dwellings in EDs (A, B) 

  - Need to be replaced with new sample EDs 
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Examples of EDs that need to be replaced (Cont.) 
 

• Census list of households in EDs (ED 035-1) 
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Examples of new constructions in ED 
 

• Paper Map of 2010 Census ED (ED 052-1, Geomam Gyeongseo-dong, Seo-gu, Incheon) 
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Examples of new constructions in ED (Cont.) 
 

• 2013 Road Name Address Information System (ED 052-1) 

- Some new constructions in ED 

- Need to update the list of households 
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Examples of new constructions in ED (Cont.) 
 

• Census list of households in ED (ED 052-1) 
 

 
Name of multi-unit dwellings 
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Examples of new constructions in ED (Cont.) 
 

• List of added buildings (ED 052-1) 
 

 
Name of multi-unit dwellings 
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Distribution of EDs with Undercount or Overcount of HHs 
 

• Erroneous Enumerations, Omissions, New Constructions, and Demolitions 

Erroneous Enumerations or Omissions 
or New Constructions of HHs  

No. of EDs 

1 225 

2 111 

3 52 

4 26 

5 13 

6 10 

7 10 

8-10 11 

11-20 12 

21-298 12 

Total 482 

Demolitions of HHs No. of EDs 

1 191 

2 125 

3 79 

4 53 

5 45 

6 29 

7 20 

8-10 28 

11-20 26 

21-39 7 

Total 603 
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0 50 100 150 200 250 300 350

Erroneous Enumerations or Omissions  
or New Constructions of HHs  

0 10 20 30 40 50

Demolitions of HHs  
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Distribution of EDs with Undercount or Overcount of HHs (Cont.) 
 

• Erroneous Enumerations Only, Omissions Only, New Constructions Only,  

and Demolitions Only 

Erroneous Enumerations Only or Omissions Only 

or New Constructions Only of HHs 
No. of EDs 

1 97 

2 52 

3 16 

4-6 12 

7-20 10 

21-67 7 

Total 194 

Demolitions Only of HHs No. of EDs 

1 121 

2 75 

3 32 

4 19 

5 18 

6 15 

7 10 

8-10 12 

11-20 10 

23-32 3 

Total 315 
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0 10 20 30 40 50 60 70 80

Erroneous Enumerations Only or Omissions Only 
or New Constructions Only of HHs 

0 5 10 15 20 25 30 35

Demolitions Only of HHs  
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National Level Estimates of Proportion of EDs 

 

 Estimated 
Percent 

Standard 
Error 

1) Erroneous Enumerations or Omissions or New Constructions or Demolitions of HHs 17.75 % 3.51% 

2) Erroneous Enumerations or Omissions or New Constructions of HHs  10.22 % 2.53% 

3) Demolitions of HHs 13.41 % 2.57% 

4) Erroneous Enumerations or Omissions or New Constructions and Demolitions of HHs    5.87 % 1.60% 

5) Erroneous Enumerations Only or Omissions Only or New Constructions Only of HHs 4.35 % 1.33% 

6) Demolitions Only of HHs 7.54 % 1.41% 
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Estimates by Province 

 

 Province 1) 2) 3) 4) 5) 6) 

Gangwon 40.64 % 24.79 % 36.34 % 20.49 % 4.30 % 15.85 % 

Gyeonggi 10.79 % 6.71 % 6.93 % 2.85 % 3.86 % 4.07 % 

Gyeongnam 26.15 % 16.20 % 21.50 % 11.56 % 4.65 % 9.95 % 

Gyeongbuk 36.20 % 20.02 % 29.93 % 13.75 % 6.27 % 16.18 % 

Busan 12.18 % 5.81 % 8.02 % 1.65 % 4.15 % 6.37 % 

Seoul 9.09 % 4.73 % 6.69 % 2.33 % 2.40 % 4.36 % 

Jeonnam 37.90 % 23.74 % 28.14 % 13.98 % 9.76 % 14.17 % 

Jeonbuk 30.76 % 21.64 % 26.00 % 16.88 % 4.76 % 9.12 % 

Chungnam 31.99 % 9.47 % 28.48 % 5.95 % 3.51 % 22.53 % 

Chungbuk 28.23 % 16.60 % 21.81 % 10.18 % 6.42 % 11.64 % 

Gwangju 9.54 % 7.16 % 2.38 % 0.00 % 7.16 % 2.38 % 

Daegu 12.49 % 10.03 % 7.69 % 5.23 % 4.81 % 2.46 % 

Daejeon 6.94 % 5.35 % 3.00 % 1.41 % 3.94 % 1.59 % 

Ulsan 29.92 % 14.51 % 19.47 % 4.07 % 10.45 % 15.40 % 

Incheon 6.08 % 3.75 % 4.66 % 2.33 % 1.42 % 2.33 % 

Jeju 29.67 % 14.10 % 21.31 % 5.74 % 8.36 % 15.57 % 
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Type of Errors Content 

List of HHs 

Error of land-lot number  

Error of a road name address 

Error of a residence number in the list 

Error of a name of apartments 

Paper Map of EDs 

Reversed Locations of apartments 

Shape or location of buildings different from satellite images 

Unable to identify residence number 

No entire map of EDs 

Others 

List of HHs and the corresponding map of EDs do not match. 

Whether a new building is dwelling or not is not identified. 

The number of HHs in EDs are changed because of new constructions. 

There is no HH in a list but in the map of EDs. 

Errors in Lists of HHs or Paper Maps  
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Province Percent 

Gangwon 17.1% 

Gyeonggi 10.4% 

Seoul 2.6% 

Gyeongnam 16.4% 

Gyeongbuk 12.1% 

Daegu 0.5% 

Daejeon 2.4% 

Incheon 9.0% 

Chungnam 20.7% 

Chungnuk 9.6% 

Busan 30.9% 

Gwangju 0.0% 

Ulsan 5.6% 

Jeonnam 23.4% 

Jeonbuk 26.3% 

Jeju 13.3% 

Total 12.5% 

Errors in Lists of HHs or Paper Maps (Cont.) 
 

• Estimates of proportion of EDs with errors by Province 

 





• Map service provided by a commercial company 

• Residential mailing lists available 

• More useful in checking the coverage 
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• New IT offers significant reductions in time and cost of evaluating the Census 

coverage as compared with a post-enumeration survey based on on-site 

enumeration. 

 

• Census lists or maps have a large non-coverage that include erroneous 

enumerations, omissions, new constructions, or demolitions. 

 

• Census lists or maps also have a large number of errors. 
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• Since Census lists or maps will miss many dwellings or housing units, specific 

remedies or treatments for the non-coverage or inaccuracy should be given or 

offered.   

 

• We need to develop field procedures which can result in drastic improvements 

in housing unit coverage. 

 

• In the near future we may use a map service called “Web Blocker” to be more 

accurate in checking the coverage or to be used as a sampling frame.  




