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Definitions 
• Sector: an area of the economy in which businesses share the same or 

related business activity, product, or service (www.investopedia.com)

• Industry: a group of companies that are related based on their primary 
business activities or service ( www.investopedia.com)

• Industrial classification: industry code assigned to an individual business, 
usually based on the business’ largest source(s) of revenue

• NAICS:  North American Industry Classification System
• Digits indicate level of detail used for classification (more digits = more criteria)
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More Definitions
• Establishment – a single business location

• Company – any formal business entity for profit, which may be a corporation, a 
partnership, association or individual proprietorship (https://dictionary.law.com/)

• Multi-unit company 
• Single-unit company
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Current Set of Annual Surveys
Survey Sampling Unit Estimation Levels

Annual Retail Trade Survey (ARTS) Company and EIN National:        2-through-6-digit NAICS

Annual Wholesale Trade Survey (AWTS) Company and EIN National:        2-through-5-digit NAICS by
Type of Operation

Services Annual Survey (SAS) Company and EIN National:        2-through-6-digit NAICS by 
Tax Exempt Status                           

Annual Capital Expenditures Survey (ACES) Company National:        3- or 4-digit NAICS 

M3 Unfilled Orders (M3UFO) Company National:         M3 industry category

Annual Survey of Manufactures (ASM) Establishment National:        2-through-6-digit NAICS
Subnational:  2-through 4-digit NAICS 

(50 states plus DC)
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Sampling Design Requirements (Totals)
Multipurpose Survey Design

National Industry Estimates
• Revenue/receipts, Annual Payroll, 

Inventories, Capital Expenditures, 
Operating Expenses…

• Disaggregated industry (NAICS) levels
• 4-digit NAICS (NAICS4)
• 5-digit NAICS (NAICS5)
• 6-digit NAICS (NAICS6)

Subnational (Geographic) Industry Estimates
• Revenue/receipts, Annual Payroll,         

1st Quarter Employment, 1st Quarter 
Payroll

• Aggregated NAICS levels (3-digit)
• 23 “Direct use” states
• 4 “Balance of region” categories



AIES Frame Variables (Quantitative)

• Annual Payroll (2020 administrative data)
• Measure of size

• 1st Quarter Employment (2020 administrative data)
• Analysis (evaluation) variable (EMP)

• Revenue/Receipts (2017 Economic Census)
• Analysis (evaluation) variable (RCPT)
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Only applies to sectors 44-45 and 62 

Industry is NAICS3

27 Geographic Strata per Industry (NAICS3)
• Historical strata defined by

• Industry
• Unit size

• AIES noncertainty strata defined by 
• Industry
• Geography

Account for skewed distribution 
in AIES sample design:

1. Allocation 
2. Probability of inclusion

Stratification

Operates establishments 
in more than one state



1 2 3 4 5

Number of Units (Nh) 760 146 53 20 21

Total Measure of Size 
(MOSh) 39023 17675 9035 4421 6564

Average Size Per Unit 51.4 121.1 170.5 221.1 312.6



1 2 3 4 5

Number of Units (Nh) 760 146 53 20 21

Total Measure of Size 
(MOSh) 39023 17675 9035 4421 6564

Average Size Per Unit 51.4 121.1 170.5 221.1 312.6

Allocation for sample size (n) of 50 from Population (N) of 1000

𝑛𝑛ℎ ≈ 𝑛𝑛
𝑁𝑁ℎ
𝑁𝑁

1 2 3 4 5

Number of Units (Nh) 760 146 53 20 21

Total Measure of Size 
(MOSh) 39023 17675 9035 4421 6564

Average Size Per Unit 51.4 121.1 170.5 221.1 312.6

Proportional Allocation 
(units) 38 7 3 1 1

1 2 3 4 5

Number of Units (Nh) 760 146 53 20 21

Total Measure of Size 
(MOSh) 39023 17675 9035 4421 6564

Average Size Per Unit 51.4 121.1 170.5 221.1 312.6

Proportional Allocation 
(units) 38 7 3 1 1

Proportional Allocation 
(MOS) 25 12 6 3 4

𝑛𝑛ℎ ≈ 𝑛𝑛
𝑀𝑀𝑀𝑀𝑀𝑀ℎ

∑ℎ𝑀𝑀𝑀𝑀𝑀𝑀ℎ

1 2 3 4 5

Number of Units (Nh) 760 146 53 20 21

Total Measure of Size 
(MOSh) 39023 17675 9035 4421 6564

Average Size Per Unit 51.4 121.1 170.5 221.1 312.6

Proportional Allocation 
(units) 38 7 3 1 1

Proportional Allocation 
(MOS) 25 12 6 3 4

Power Allocation
𝑀𝑀𝑀𝑀𝑀𝑀ℎ

17 12 8 6 7

𝑛𝑛ℎ ≈ 𝑛𝑛
𝑀𝑀𝑀𝑀𝑀𝑀ℎ

∑ℎ 𝑀𝑀𝑀𝑀𝑀𝑀ℎ



Company

Industry 
AAAA

Industry 
AAAB

Industry 
AAAC

Probability of 
Selection in 

AAAA

Probability of 
Selection in 

AAAB

Probability of 
Selection in 

AAAC

Probability of 
Selection in 

AAAA, AAAB, or 
AAAC

Company

Industry 
AAA, 

State 1

Industry 
AAA, 

State 2

Probability of 
Selection in 
AAA, State 1

Probability of 
Selection in 
AAA, State 2

Probability of 
Selection in 

AAA, 
State 1 or 2

National

Geographic

Select MAXIMUM
Company 

Probability 
of Selection

Company 
Probability 
of Inclusion

Company 
Probability 
of Inclusion

Within stratum, rake all company 
selection probabilities to allocation

Initial Final

Perform “winsorization” procedure



• AIES Sampling Requirements
• Fixed sample size 
• PPES sampling (unequal probabilities)
• Representation in sampled units for NAICS4, NAICS5, NAICS6 within NAICS3

• Stratified Sequential (Chromy) Sampling
• List sequential 



Why Use Stratified Sequential Sampling?
Unit Industry MOS Probability of 

Inclusion

1 AAA1 61 0.1755

2 AAA1 117 0.3365

3 AAA2 67 0.1927

4 AAA2 76 0.2186

5 AAA2 101 0.2905

6 AAA1 60 0.1726

7 AAA1 74 0.2128

8 AAA3 79 0.2272

9 AAA2 100 0.2876

10 AAA3 308 0.8859

Population 

Industry Companies Percentage

AAA1 4 40%

AAA2 4 40%

AAA3 2 20%

PPS Samples 
PROC SURVEYSELECT (Hanurav-Vijayan)

AAA1 AAA2 AAA3

Sample 1 1 1 1

Sample 2 1 0 2

Sample 3 2 0 1

Sample 4 1 1 1

Sample 5 0 1 2

PPS Samples 
PROC SURVEYSELECT (Hanurav-Vijayan)

AAA1 AAA2 AAA3

Sample 1 1 1 1

Sample 2 1 0 2

Sample 3 2 0 1

Sample 4 1 1 1

Sample 5 0 1 2

Unit Industry MOS Probability of 
Inclusion

1 AAA1 61 0.1755
2 AAA1 117 0.3365
6 AAA1 60 0.1726
7 AAA1 74 0.2128
3 AAA2 67 0.1927
4 AAA2 76 0.2186
5 AAA2 101 0.2905
9 AAA2 100 0.2876
8 AAA3 79 0.2272

10 AAA3 308 0.8859

PPS Samples 
PROC SURVEYSELECT (Systematic)

AAA1 AAA2 AAA3

Sample 1 1 1 1

Sample 2 1 1 1

Sample 3 1 1 1

Sample 4 1 1 1

Sample 5 1 1 1

GREAT in terms of industry representation 
(implicit stratification works!)

TERRIBLE for variance estimation

All companies in the same NAICS3 stratum

Each company associated with one NAICS4 code

PPS Samples 
PROC SURVEYSELECT (Sequential)

AAA1 AAA2 AAA3

Sample 1 1 1 1

Sample 2 0 1 2

Sample 3 1 1 1

Sample 4 1 1 1

Sample 5 1 1 1

PPS Samples 
PROC SURVEYSELECT (Sequential)

AAA1 AAA2 AAA3

Sample 1 1 1 1

Sample 2 0 1 2

Sample 3 1 1 1

Sample 4 1 1 1

Sample 5 1 1 1

Slightly worse (over repeated samples) for 
industry representation 

Allows ACCURATE variance estimation



• National Estimates: NAICS4, NAICS5, NAICS6 
• 0 ≤ 𝑐𝑐𝑐𝑐 𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶 ≤ 0.02 and 0 ≤ 𝑐𝑐𝑐𝑐 𝐸𝐸𝑀𝑀𝐶𝐶 ≤ 0.02

• Geographic Industry Estimates: NAICS3 by geography category
• 0 ≤ 𝑐𝑐𝑐𝑐 𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶 ≤ 0.15 and 0 ≤ 𝑐𝑐𝑐𝑐 𝐸𝐸𝑀𝑀𝐶𝐶 ≤ 0.15

• Any C.V. above 0.30 is considered to have “serious issues” per the 
Census Quality Standards



End-to-end test #1 
• Overall sample size: 407,000 companies 

• Complexity Certainty Companies ≈ 52,000 companies
• Initial Noncertainty Sample ≈ 355,000 companies

• Fully automated
• Default allocations, inclusion probabilities, and strata definitions
• Within strata sort

• Unique NAICS designation (company)
• State code
• Measure of size (company)



Results for National Estimates
NAICS6 NAICS4

Excellent Bad Missing

Excellent  
Both items meets target, 
no serious defects

Bad
Both items have 
serious defects

Missing
No c.v. for one or both items



Results for Geographic Estimates
(Excluding Sector 81)
Majority of States “Big” States: CA, FL, NJ, NY, TX

Target sampling fraction is less than 0.30

Target c.v. is less than 0.15

Consider lowering sampling fractions!



Further Exploration 
“Bad” Geographic Results

Sampling fraction = 0.05



Preliminary Results (Revised Allocation)
Food and Beverage Stores

cv (Receipts)
cv (Employees)

Target c.v. (MAX 15%)
c.v. = 5%

Added sample (increased sampling fraction)Removed sample (decreased sampling fraction)



Remaining Decisions

• Sample selection frequency
• Annual, quinquennial, other?

• Economic indicator design(s)
• Monthly and quarterly estimates

• Estimation, imputation, variance estimation…



Questions, suggestions, 
comments?

katherine.j.thompson@census.gov
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