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Objectives of  the presentation

• Review the principles of multiple frame sampling

• Deal with issues arising from the use of multiple frame 
sampling

• Provide lessons from countries examples
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Outline
• Introduction

• Introduction to the principles of multiple frame sampling

• Problems in the application of multiple frame surveys

• Country examples

• Summary
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Introduction

Typical Frames in Agriculture:

• List Frames
• Area Frames
• Multiple Frames
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Example: Dual frame design in agriculture:

• Area frame for completeness 
• List frame for targeting large holders

Introduction
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Sampling 
FRAME

What is a List Frame? (reminder)
• A List frame is a list of all those within a population who can be 

sampled, and may include individuals, households, institutions…

• In agricultural statistics, list frames are lists of farms and/or 
households obtained from agricultural or population censuses 
and/or  administrative data.

• The ultimate sampling units are lists of names of holders or 
households (Global Strategy, 2015). 

• Typically, the sampling unit from the list frame is a name of a farm 
operator, while the reporting unit is the holding operated by the 
name.

Introduction
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Sampling 
FRAME

What is an Area Frame? (reminder)

• An area frame is a set of land elements, which may be either points or 
segments of land.

• The sampling process may involve single or multiple stages. 

• Area frames are used to geographically cover a target population. 

• Rules of association are used to link the land in the segment or point to 
a farm that is also found on the list frame, usually using the name of 
the farm operator.

Introduction
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Introduction to the 
principles of  multiple 

frame sampling1
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1. Introduction to the principles of  multiple 
frame sampling

• Multiple frame sampling involves the joint use of two or more sample frames. 

• For agricultural purposes, this usually involves the joint use of area and one or 
more  list frames. 

• The basic theory of multiple frame sampling (Hartley, 1962; Kott and Vogel, 
1995) begins with dividing the population into mutually exclusive domains. 
Following figure shows two sampling frames that cover the same target 
population and form three domains.
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1. Introduction to the principles of  multiple 
frame sampling
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The population total 𝑌𝑌 can be written as:

𝑌𝑌 = 𝑌𝑌𝑎𝑎 + 𝑌𝑌𝑎𝑎𝑎𝑎 + 𝑌𝑌𝑎𝑎

General dual frame estimation approach:

1. Introduction to the principles of  multiple 
frame sampling



12

1. Introduction to the principles of  multiple 
frame sampling
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�𝑌𝑌 = �𝑌𝑌𝑎𝑎 + �𝑌𝑌𝑎𝑎𝑎𝑎 = �𝑌𝑌𝑎𝑎 + �𝑌𝑌𝐿𝐿

The list frame is the overlap domain

1. Introduction to the principles of  multiple 
frame sampling
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Population

1. Introduction to the principles of  multiple 
frame sampling
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Population

Frame 1: Area Frame

Area frame could be for example
 Segments
 EAs

1. Introduction to the principles of  multiple 
frame sampling
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Population Frame 2: Traditional list 
frame built upon censusFrame 1: Area Frame

Example of traditional list frame
 Household involved in agriculture activities derived from census 

of population
 Farm operators derived from census of agriculture

1. Introduction to the principles of  multiple 
frame sampling
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Population

Frame 1: Area Frame
Frame 2: Traditional list 
frame built upon census

Frame 3: A list frame based 
on administrative data

Example of list frame based on administrative data:
 List of the farm involved in a particular agriculture activities (coffee,tea, 

cotton, ..) 
 Farm businesses included in tax records

1. Introduction to the principles of  multiple 
frame sampling
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Two main assumptions must be made when using multiple frame 
sampling
 Completeness: 

• Every farm in the population belongs to at least one frame.
• The concept of “completeness” involves two aspects: coverage and 

information provided for each frame unit.
• The area frame is used to ensure the completeness of the master frame 

because it is capable of covering all farms and their land.

 Identifiability: 
• For any sample unit from any frame, it is possible to determine whether 

the reporting unit belongs to any other frame.
• The requirement of identifiability is met by determining which area 

frame reporting units can also be selected from the list frame

1. Introduction to the principles of  multiple 
frame sampling
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Advantages of multiple frames
• Builds on strengths of AF and LF and minimize their weaknesses.

• Allows the easy and not expensive creation of lists of agricultural holdings 
only in the selected areas, instead of making it in the entire country.

• Data collection can be inexpensive because sample units are 
conglomerated in the selected areas, instead of being spread in all the 
country´s territory.

• Variability can be controlled and measured. 

• Enables the study of special or rare products. 

1. Introduction to the principles of  multiple 
frame sampling
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Problems in the 
application of  multiple 

frame surveys2
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Multiple frame surveys include all the complexities of single 
frame surveys

⁻ All farms in the list frame must be completely identified by name, address, 
and any other name forms that can identify the farming unit.

⁻ The need to match names from the area frame sample to names on the list 
frame complicates the survey process and is subject to non-sampling errors.

⁻ Mapping the area frame sampling unit onto a reporting unit, as does the list
frame name. It is essential that a name be associated with the area tract. 

⁻ Choice between many available lists. For example, one list of names may 
derive from the agricultural census and another from an administrative 
source. Choice one list or combining them?

2. Problems in the application of  multiple 
frame sampling
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Some practical tips

• The need to identify all domains when there are two or more list frames greatly
complicates the survey and estimation process. For this reason, it is more
practical to combine all lists and remove duplicates prior to sampling.

• A common problem is the temptation to make the list as large as possible to 
avoid the occurrence of outliers. However, the larger the list, the more subject it 
is to duplication. The smaller the list, the easier it is to avoid duplication and to 
determine the non-overlap domain.

• Another common problem is the temptation to add names found in the area 
frame survey to the list frame. These additions introduce a downward bias, 
because the estimation probabilities have been changed (reduced) when added 
to the list.

2. Problems in the application of  multiple 
frame sampling
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Some practical tips

• Identify two domains for the area frame: 

⁻ The area frame sample includes two domains: those that are not on the list 
(non-overlap) and those that are on the list (overlap). To determine the 
domains, it must first be assumed that every farm or household included in 
the list frame has a chance of being selected in the area frame sample. 

⁻ An essential point is that the identification of the two area frame domains 
must be based on the area frame sampled units, and not on the entire area 
frame.

⁻ If a name from the area frame does not match a list frame name exactly, but 
is close, then it may be possible to compare addresses or secondary names 
associated with the reporting units.

2. Problems in the application of  multiple 
frame sampling
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Country examples3
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3.1 Multiple frame: Country examples - USA

• USDA/NASS uses both a list frame and an area frame. 

• There are 3.2 million farmers operating 2.1 million farms in the USA, which 
is only about 1% of the total population. 

• USDA/NASS does not use a sampling frame that is directly tied to the 
population census. USDA/NASS uses a multiple frame approach for both 
the Census of Agriculture and many agricultural surveys. 
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Area frame

• The area frame used by USDA/NASS contains all the land within the 
U.S. (with the exception of Alaska). 

• The area frame is stratified by land use, and uses segments of land 
as its sampling unit.

• USDA/NASS has a digital system to create an area frame for each 
state, which uses satellite data for stratification and digital line graph 
data for boundary identification. 

3.1 Multiple frame: Country examples - USA
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Area frame

• By adhering to the rules used to associate livestock with land, every animal 
has a known probability of being selected. 

• Its strengths include complete coverage, longevity, and it estimates well for 
very common commodities. 

• Its weaknesses include cost (expensive to create, and data collection can be 
costly), high respondent burden, difficulty in targeting specific or rare 
commodities, sensitivity to outliers, and it requires definable physical 
boundaries. 

3.1 Multiple frame: Country examples - USA
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List frame

• USDA/NASS uses and maintains a list sampling frame of farm operators and agri-
businesses.

• When a name is selected for a survey, the information requested pertains to crops and 
livestock on the total acres operated by the selected name. 

• The sampling unit is a name but the reporting unit is all land operated by that name. 

• Since names and addresses are known, cheaper methods of data collection such as 
mail (including sending instructions for self-reporting online) and telephone interviews 
can be used.

• Note: By speaking of ‘name’, one actually speaks of a set of identifying information 
relating to the operator

3.1 Multiple frame: Country examples - USA
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List frame

• Another strength of the list frame is the ability to target specific or rare commodities. 
Sampling efficiencies are gained when list commodity information is classified and 
names are stratified by size groups. 

• Stratification also ensures that extremely large operations are properly accounted for. 

• The list frame does not satisfy the requirement of completeness (names are potentially 
missing). Farms go out of business, farmers retire, and new farms are started every day. 

• Another related weakness is that it becomes out-of-date quickly. 

3.1 Multiple frame: Country examples - USA
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Multiple frame

• Multiple frame relies upon the joint use of the many sampling frames.

• It has only two requirements: 
‾ Every element of the survey population must be included in at least one of the frames. 
‾ The overlap of sampling units between frames must be determined to avoid duplication.

• Depending on the needs of the survey, sampling procedures can differ by specific 
surveys. In general, USDA/NASS uses:

‾ stratified sampling for the area frame, 
‾ Either stratified sampling, Probability Proportion to Size (PPS) or Multivariate Probability Proportion to Size 

(MPPS) sampling for the list frame. 
‾ In all cases, replicated sampling can be used. 

• Multi-frame estimators are the summation of the list estimators with the Area nonoverlap
estimator.

3.1 Multiple frame: Country examples - USA
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Multiple frame

• Multiple frame sampling takes advantage of the best features of both the area and list 
sampling frames – the completeness of the area frame and the efficiency of the list 
frame. 

• Other strengths include the ability to control costs (large list, small area samples), to 
target specific or rare commodities, and to control variability due to sampling. 

• USDA/NASS uses this multiple frame approach to estimate acreage, production, 
stocks, economic data, and more for many commodities. 

• The multiple frame approach has served USDA/NASS well, and it continues to be at 
the heart of survey and Census processes. 

3.1 Multiple frame: Country examples - USA
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• The master sample of Mozambique ( since 1998-1999) illustrates a case in which a 
single-stage selection of PSUs was selected to be used for all of the government-
sponsored, national surveys in the nation’s intercensal household survey program.

• The data collected through the agricultural module of Mozambique’s 2007 
Population and Housing Census (PHC) was used to build an efficient sampling frame 
and to improve the design of the agricultural census which was conducted as a 
sample-based survey.

• Population census enumeration areas (EAs) were the Primary Sampling Units 
(PSUs). These were geo-referenced using GPS and were digitized.

3.2 Multiple frame: Country examples -
Mozambique



33

Based on the PHC information , a multiple frame approach was adopted (in which 
large-scale farms on the list frame receive complete coverage, and a sample of small-, 
medium- and large-scale farms - excluding the large farms already covered - taking the 
sample from the list frame of EAs):

⁻ Agricultural households were identified according to cut off criteria (scenario 5)

⁻ EAs containing fewer than 15 agricultural households were excluded.

⁻ Households were categorized as small, medium or large based on agricultural land 
and livestock.

⁻ The measure of size in the PPS selection was the number of agricultural households.

⁻ The sample allocation was also based on number of agricultural households.

⁻ The main strata for districts was the urban / rural categorization.

3.2 Multiple frame: Country examples -
Mozambique
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3. Multiple frame: Country examples -
Mozambique
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• The multiple frame sampling methods applied combine a probability sample of 
land areas (segments), selected from an area frame, with a complementary short 
list of Special Farms. 

• Multiple frame methods result in greater precision of estimates of agricultural 
areas, the main crop areas and other key variables of all multiple-purpose 
agricultural surveys.

• The area sample component involves a practical procedure for the objective 
measurement of agricultural areas on the Geographic Information System (GIS). 

3.3 Multiple frame: Country examples -
Mozambique
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• This MSF is being used for the System of Integrated Household Surveys, in which all 
individual household surveys use the same frame.

• The area sample frame was constituted by strata of the land use established according 
to the rate of cultivated land, or by the predominance of crops.

• Based on the 1985 Agricultural Census information, several lists of holdings that 
concentrate a large percentage of the total of the variable were constructed.

• These lists, including a relatively small number of holdings, are called Lists of Special 
Holdings and are updated every year.

• For a given variable, the multiple frame estimator is the sum of the estimators from 
both samples, the area sampling estimator and the list sample estimator based on the 
list frame of special holdings.

3.4 Multiple frame: Country examples -
Brazil
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3.4 Multiple frame: Country examples -
Brazil
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Summary

• This module provides the principles of multiple frame sampling.

• It gives an overview of common problems in the application of multiple frame 
sampling due to the requirement of identifying the overlap between frames.

• While the term “multiple frame sampling” implies that more than two frames can 
be used, the complexities in determining the overlap between frames appears to 
favour limiting the choice to two frames.

• The general conclusion is that the list frame containing mostly large commercial 
farms and farms producing important but rare items should be kept as small as 
possible
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