
Advantages of Unit Level v. Area Level Models 
In the field of sample survey statistics, a unit-level model is a statistical model where the 
dependent variable is the value of the survey variable for each individual sampling unit. This is 
in contrast to an area-level model, which uses aggregated data, such as means or totals, for a 
specific geographic area or domain. 

Unit-level models are a powerful tool, particularly in the context of small area estimation 
(SAE).1 SAE is a collection of statistical techniques used to produce reliable estimates for 
small geographic areas or subpopulations for which the sample size in a survey is not large 
enough to yield direct estimates of adequate precision.2 

 

 

Key Characteristics of a Unit-Level Model: 
 

●​ Data Granularity: The model is built using data from individual respondents (e.g., 
persons, households, or establishments) in the survey.3​
 

●​ Auxiliary Information: These models leverage auxiliary information (covariates) that is 
available for every unit in the population, often from a census or administrative records. 
This auxiliary information is crucial for "borrowing strength" from other areas to improve 
the estimates for small areas.4​
 

●​ Mixed-Effects Models: Unit-level models are typically formulated as linear mixed 
models.5 They include fixed effects to model the relationship between the survey 
variable and the auxiliary variables, and random effects to account for area-specific 
variation that is not explained by the fixed effects.​
 

A foundational and widely used unit-level model is the Battese, Harter, and Fuller (BHF) 
model, often referred to as a nested error regression model.6 It can be expressed as: 

 
yij​=xij′​β+ui​+eij​ 

Where: 

●​ yij​ is the value of the survey variable for the j-th unit in the i-th area. 
●​ xij′​ is a vector of auxiliary variables for that unit. 



●​ β is a vector of regression coefficients (fixed effects). 
●​ ui​ is the random effect for the i-th area, assumed to be independently and identically 

distributed with a mean of 0 and a certain variance. This term captures the unexplained 
heterogeneity between areas. 

●​ eij​ is the individual-level random error term, also with a mean of 0 and its own variance. 

 

Advantages of Unit-Level Models: 
 

●​ Greater Precision: By utilizing individual-level data, these models can often produce 
more precise and efficient estimates for small areas compared to area-level models, 
assuming the model is correctly specified.7​
 

●​ Flexibility: They allow for the estimation of various parameters for small areas, not just 
means or totals. 

●​ Consistency Across Aggregations: Since the model is built from the ground up (at the 
unit level), estimates for larger geographic areas can be obtained by aggregating the 
small area estimates, ensuring internal consistency.8​
 

 

Disadvantages and Challenges: 
 

●​ Data Requirements: A significant challenge is the need for access to unit-level survey 
data and corresponding auxiliary information for every unit in the population. This level 
of data is often not publicly available due to confidentiality concerns. 

●​ Model Specification: The performance of unit-level models heavily relies on the 
correctness of the assumed model. Misspecification can lead to biased estimates.9​
 

●​ Informative Sampling: If the sampling design is informative (i.e., the probability of a 
unit being selected in the sample is related to the variable of interest, even after 
conditioning on the auxiliary variables), standard unit-level models that do not account 
for the survey weights can produce biased results.10 More advanced techniques are 
needed to incorporate survey weights into the model.​
 

In summary, unit-level models are a fundamental approach in modern survey statistics, 
especially for tackling the challenge of producing reliable estimates for small domains. They 
offer the potential for high precision by leveraging individual-level data and powerful 



statistical modeling techniques.11 
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