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Abstract 

The area of residential nursing care activities and residential care activities for the elderly and disabled is a 

representative example for a constellation in which the availability of data sources for the compilation of National 

Accounts aggregates is often scarce. In a situation of lacking primary statistics approaches to close data gaps 

have to be developed for the compilation of exhaustive and coherent product and production accounts. Moreover 

because of missing benchmarks plausibility checks for analysing the quality of the results must be created. In the 

first step solutions to overcome such data limitations for the compilation of accounts will be presented. It will be 

depicted how data on the unit level as well as on the associated transactions are arranged according to the 

underlying conceptional and classificatory framework of National Accounts. 

By integrating physical variables the calculation framework can be extended for the purpose of price and volume 

measures. In order to derive representative volume indicators according to Atkinson (2005) quality of outputs (as 

well as of inputs) must be taken into account. 

An indicator for the quality of outputs can be estimated by using data from register-based census information at 

the individual level. These data are aggregated to the level of local kind of activities and linked to the National 

Accounts dataset. The result is a set of National Accounts variables and volume measures which allow for the 

analysis of indicators on the national and on the regional level as well as according to types of producers. 
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1 Introduction 

Because of non-existing obligations to report data for producing units in the service industries 

classified at NACE-2-digit levels 84-94 (Public administration, compulsory social security; 

Education; Human health and social work activities; Arts entertainment and recreation; Other 

service activities) the availability of detailed primary statistics is often scarce. Moreover in 

many cases there don´t even exist any secondary statistics which fulfill the needs to compile 

National Accounts figures.  

In a significant number of cases the NACE divisions 87.1 (Residential nursing care activities) 

and 87.3 (Residential care activities for the elderly and disabled)1 contribute large parts to the 

entire production within the NACE-section Q (Human health and social work activities). Their 

outputs are intensively used for public and private consumption. For several parts of the 

Supply-Use-system (SU) in the activity NACE 87.1 and 87.3 some crude basic information 

can be gathered. Unfortunately this information is in most cases only available at a very high 

aggregate level and can therefore not be used for accurate plausibility checks for 

transactions as well as for the classification of producing units to different types of producers. 

This situation raises the question how, even under the given data restrictions, an exhaustive, 

coherent and self-contained information system for the involved participants and their mutual 

relations can be created. This system allows the compilation of detailed product and 

production accounts which on the one hand can be fully integrated into the system of 

National Accounts and on the other hand enable plausibility checks. This system must also 

be open for extensions like regional disaggregations as well as for price and volume 

measures. In this context also the connection with input and output data in physical units is 

established. The following illustration shows the main components of such a system. 

 

                                                
1
 Hereinafter these two activities are presented as aggregates and quoted as activity NACE 87.1 and 

87.3.  



This information system is created by identifying various data sources for producing and 

distributing units and transactions which will be classified into the statistical framework for the 

compilation of accounts according to the guidelines of ESA 2010. Subsequently it will be 

linked to personal data.  

2 Data sources 

Despite missing primary business statistics in activity NACE 87.1 and 87.3 there exist data 

sources to process toward fulfilling the requirements of National Accounts compilation. In 

many cases both assembling a comprehensive register on producing units as well as 

collecting of received or paid transactions can be performed with this information.  

A predominant part of statistical units is covered by business registers of statistical offices 

which contain contact details and usually give an insight into the structure of enterprises, 

their appendant producing local kind-of-activity units, the classification by institutional sector 

and NACE and identification numbers for the buildings. Government departments at local 

levels or private non-profit associations provide inventories on residential (care) homes for 

the elderly with address data and capacities which complement the official business 

registers.  

In public authorities accounts government controlled producing and distributing units keep 

records on transactions.2 National tax statistics are based on reported sales revenues, 

preliminary turnover tax returns, corporate income tax statements and pay slips to national 

fiscal authorities by different producing units. These data can be utilized to determine the 

basic values for production accounts. This can also be carried out by using databases on 

commercial registers to obtain annual financial statements and explanations concerning 

components of profit and loss accounts.  

Data on pay slips to employees and pensioners are reported by issuing institutions to 

national fiscal authorities or to associations of social security organizations. These are 

processed into wage tax statistics and contain the amounts of remuneration. Besides this 

some personal information like social position, age, degree of employment, duration of the 

received payments and place of residence or rather of work can be extracted from that data. 

If current transfers for persons with need of care are paid by social security funds 

conclusions can be drawn to individual care intensities. Central Population Registers often 

represent the backbone of the Register-based Census which comprises information on the 

population’s level of education or residence.  

                                                
2
 In the following social transfers in kind only concern the transaction D.632 (Social transfers in kind-

market production purchased by general government and NPISHs).  



 

As can be seen in the illustration above, there is a broad range of data available for the 

compilation of product accounts. Unfortunately there are no data available for private 

consumption expenditures because institutional households like retirement homes are in 

accordance with the regulations for household budget surveys not part of that primary 

statistics. So these amounts have to be estimated in another way.3 Moreover if there is 

indication that the characteristic production of activity NACE 87.1 and 87.3 is imported or 

exported this requires the consultation of foreign trade and balance of payment data. But in 

most cases this kind of production will be produced and consumed exclusively domestically.  

3 Linkage of data sources 

In the first step an exhaustive list of producing units is established. By referring to the data 

sources with information on producing units the particular producers of the product of CPA 

divisions 87.1 (Residential nursing care services) and 87.3 (Residential care services for the 

elderly and disabled)4 are identified. These producers are classified by NACE and are at the 

same time allocated to institutional sectors and identified as market or non-market producers.  

The linkage of producing units to transactions must be carried out at the most detailed level 

possible. It is the target to find for each producer at least the four transactions production, 

intermediate consumption, wages and salaries and employers’ social contributions. Ideally, 

separate accounts covering all four types of transactions can be calculated for each 

individual producer. If for some producing units separate accounts are only available as 

aggregate data these sums of transactions are merged at the aggregate level. In a second 

step, they are disaggregated back to the single unit level. In the worst case no transactions 

at all can be found in primary data sources. Up to this point a matrix with the identified four 

types of transactions in the rows for each producing unit in the columns is generated.  

 

                                                
3
 In this paper the remaining amount from the product account is taken for private consumption data.  

4
 Hereinafter these two products are presented as aggregates and quoted as product CPA 87.1 and 

87.3.  



The stepwise allocation of transactions leads to an arbitrary missing data pattern. Observed 

data come from the upstream linkages. A Markov chain Monte Carlo (MCMC) method cares 

for the imputation of the furthermore missing obervations.  

Following Yuan (2011) this method creates multiple imputations by using simulations from a 

Bayesian prediction distribution for normal data. The data augmentation is applied by 

repeating an imputation I-step and a posterior P-step:  

1. Imputation I-step: With estimated mean vector and covariance matrix, this step 

simulates missing values for each observation independently. If variables with 

missing values for observation 𝑖 are denoted by 𝑌𝑖(𝑚𝑖𝑠) and variables with 

observed values by 𝑌𝑖(𝑜𝑏𝑠), then the I-step draws values for 𝑌𝑖(𝑚𝑖𝑠) from a 

conditional distribution 𝑌𝑖(𝑚𝑖𝑠) given 𝑌𝑖(𝑜𝑏𝑠). 

2. Posterior P-step: This step simulates the posterior population mean vector and 

covariance matrix from the complete sample estimates which are then used in the 

I-step. Without prior information a noninformative prior is used or other informative 

priors can also be used. According to Yuan (2011) a prior information about the 

covariance matrix may help stabilize the inference about the mean vector for a 

near singular covariance matrix.  

The two steps are iterated long enough for the results to be reliable for a multiply imputed 

data set and the goal is to have the iterates converge to their stationary distribution and then 

to simulate an approximately independent draw of the missing values. That is, with a current 

parameter estimate 𝜃(𝑡) at 𝑡𝑡ℎ iteration, the I-step draws 𝑌𝑚𝑖𝑠
(𝑡+1)

 from 𝑝(𝑌𝑚𝑖𝑠|𝑌𝑜𝑏𝑠, 𝜃(𝑡)) and the 

P-step draws 𝜃(𝑡+1) from 𝑝(𝜃|𝑌𝑜𝑏𝑠, 𝑌𝑚𝑖𝑠
(𝑡+1)

). This creates a Markov chain 

(𝑌𝑚𝑖𝑠
(1)

, 𝜃(1)) , (𝑌𝑚𝑖𝑠
(2)

, 𝜃(2)) , … , which converges in distribution to 𝑝(𝑌𝑚𝑖𝑠, 𝜃|𝑌𝑜𝑏𝑠).  

In the end a dataset without data gaps is available. The results are checked to make sure 

that outputs always satisfy plausible per-capita production figures and relations between the 

figures of output, intermediate consumption and compensation of employees. If any 

implausible figures are found the reasons are analysed and the figures are substituted if 

necessary. After that step a full set of production accounts for activity NACE 87.1 and 87.3 

can be compiled. Because the compilation of accounts at the most detailed microeconomic 

level is intended from the very start of the linking procedure the production accounts can be 

regionally displayed at various levels of NUTS-classes.  

Furthermore the dataset is complemented by elements to compile product accounts. The 

social transfers in kind from accounts of public territorial authorities that concern the product 

CPA 87.1 and 87.3 are determined. Finally private consumption expenditures for that product 

arise as the balancing item by solving the equation for product accounts in which supply for 

each product equals the sum of all uses.  

This dataset which contains all relevant variables for SU-data in activity NACE 87.1 and 87.3 

and product CPA 87.1 and 87.3 according to the system of NA is the central framework for 

all subsequent linkages of personal data. Within the scope of calculating volume measures 

according to Atkinson (2005) quantity and quality aspects have to be considered for outputs 

as well as for inputs. Usually data on outputs in physical units for all the single individual 

producing units in an economic territory will not be available on the basis of primary statistics. 

In such a situation it would be possible to analyse household data given by the register-



based census. In these data sets any information on residence can act as the linkage variable to 

allocate persons to institutions which provide product CPA 87.1 and 87.3. These data provide 

information on persons‘ care intensities. With that persons‘ received care services can be 

calculated and regarded as equivalent for production in physical units. Otherwise these data 

can be estimated by assuming increasing care intensities by age. Instead of this data 

describing health conditions with conclusions on needed care services can be integrated.  

Employees can be allocated to producing units by utilizing address data from employers’ 

issues of pay slips. Any personal identification code can act as linkage variable to merge the 

allocated employees with data on their educational background from register-based census. 

With this step better-trained workers are identified as well as the average age or an 

indication for the degree of employment in these institutions.5 

In most cases personal data refer to a fixed appointed date. So these stock data have to be 

transformed into flow data to relate the information on persons with those on transactions. 

This is done by connecting stock data at several points in time.  

For the calculation of volume indices it is the target to find a matrix for each producing unit 

(objects) which describes the supplied care services to persons in physical units.  

Given are Objects 𝑂𝑖 = 1, … , 𝑜 and Persons 𝑃𝑗 = 1, … , 𝑝. 

Then for each object 𝑂𝑖 a matrix 𝑀𝑖 is generated where 𝑀𝑖 = (𝑚𝑗𝑘) and 𝑖 ∈  {1, … , 𝑜}. The 

entry 𝑚𝑗𝑘 is the value generated by the following function:  

𝑚𝑗𝑘 ≔  𝜏(𝑃𝑗, 𝑘) 

where 𝜏 gives the number of care hours for the person 𝑃𝑗 at day 𝑘 when 𝑘 ∈  {1, … ,365}.6 The 

resulting output matrix for a given object has the following structure: 

𝑀𝑖 = (

𝑚1,1 ⋯ 𝑚1,365

𝑚2,1 ⋯ 𝑚2,365

⋮ ⋱⋮ ⋮
𝑚𝑗,1 ⋯ 𝑚𝑗,365

) , so total output of object 𝑖 is given as ∑ 𝑚𝑗𝑘

𝑝,365

𝑗=1,𝑘=1

 

It is clear that each value 𝑚𝑗𝑘 depends on the information of the number of persons with the 

principal residence in the specific object 𝑖 as well as on the care intensity in hours received 

by the person 𝑃𝑗 each at a given day 𝑘.7  

  

                                                
5
 Until now only output data in physical terms have been calculated and merged yet. On the basis of 

small data sets it was also analysed how to arrange the data processing for inputs like employees.  
Because this part is in the early stages at the moment only results for output data are presented here.  
6
 In the case of leap year it is obvious that 𝑘 ∈  {1, … ,366}.  

7
 It must be emphasised that the value per day can exceed 24 hours especially for the case when a 

person needs very intensive care all day long provided by more than one employee of the nursing 
staff.  



4 Results  

In this section results from the work on an information system on the flow of product CPA 

87.1 and 87.3 by making use of Austrian data are presented.  

 

In the year 2013 there were 948 producers of the product CPA 87.1 and 87.3 in Austria 

which can be found more in the NUTS 1 region Western Austria (AT3) with 369 producing 

units and Southern Austria (AT2) with 321 producing units. However comparing the 

capacities indeed the producers of NUTS 1 region Eastern Austria (AT1) with 32689 care 

places exceed those of the other regions by far. Across all regions the producers provide 

79710 care places which are subdivided into 48361 places for nursing care, 18985 places for 

residential nursing care, 10579 places for residential care and 1605 places for assisted living. 

Of course only on the basis of these categories and capacities a reliable conclusion 

regarding care intensities or utilization cannot be drawn.  

Surprisingly the vast majority of the production comes from characteristic producers which 

are all market producers. About 40% of these local kind of activity units are operated by 

public authorities which are controlled by government. But only 211 of these are part of 

general government (S.13). And even within this institutional sector most of these producing 

units are classified as market producers. The few non-market producers are all units 

classified in the activity NACE 86.1 (Hospital activities). Furthermore it seems remarkable 

that there is not a single unit in the institutional sector Non-profit institutions serving 

households (S.15). The reason for this is the same as for producing units of the public sector 

namely that the products are sold at economically significant prices and cover at least a 

majority of the production costs.8 This market production is solely consumed by private 

households and by social transfers in kind.  

                                                
8
 The basic principles for the classification of institutional units to types of producers, institutional 

sectors and to corresponding local kind-of-activity units are laid down in ESA 2010 sections 2.135-
2.152 in connection with the guidelines of production in the sections 3.37-3.39.  



The production account for the entire activity NACE 87 and 88 (Residential care activities; 

Social work activities without accommodation) shows the contribution of product CPA 87.1 

and 87.3.  

 

The activity NACE 87 and 88 produced products in the amount of about 6.706,9 million 

euros. For this purpose intermediate consumption of 2.189,4 million euros was necessary 

whereby value-added of 4.517,5 million euros resulted. Moreover these data can be 

disaggregated to the various Austrian regions, here the results are presented at the NUTS 2 

level.9  

The product account for product CPA 87.1 and 87.3 compares total supply with total use.  

 

It can be seen that in addtion to the production of producers of activity NACE 87.1 and 87.3 

those of the activity NACE 86.1 of 194,2 million euros and non-deductible VAT on products in 

of 125,2 million leads to a total supply at purchasers’ prices of 2.876,4 million euros. On the 

use side public authorities are purchasing the product CPA 87.1 and 87.3 for 1.206,7 million 

euros by social transfers in kind, the rest of total supply of 1.669,7 million euros was 

consumed by private households.10  

  

                                                
9
 Because of the fact that the most detailed level for transactions and units is intended to be found the 

production accounts are available at NUTS 3 level or even regionally more disaggregated.  
10

 As there are no data available for domestic interregional import and export flows the product 
account for the product CPA 87.1 and 87.3 can not be regionally disaggregated.  



The linkage of institutional data with personal data provides an insight into the use of their 

supply, differentiated with respect to levels of care intensities, and enables the calculation of 

their production in physical units.  

 

For the year 2013 reliable data for 16090 male and 44349 female persons resident in one of 

869 producing units of activity NACE 87.1 and 87.3 at the appointed date of register based 

census were identified. The rate between the registered persons and the capacities gives the 

intensity of use. In many cases the producing units are clearly below full use of capacity.  

Moreover with the linked data a volume indicator for outputs in physical units can be 

calculated which considers the duration of stay as well as care intensities. A combined view 

on data on beginning and end of registration as residence and on dates of death gives the 

duration of stay in days during a given year. Personal care intensities can be deduced from 

the Austrian Federal Long Term Care Allowance Act which defines seven levels of care 

need. These levels range from at least 65 hours of care per month (level 1) and more than 

180 hours of care per month in combination with complete immobility (level 7).11 In total the 

involved producing units are responsible for more than 118.0 million care hours.  

Output in monetary units as well as in terms of care hours were even calculated for the 

previous year. Thereby the change in volume is measured. By extrapolating the figures at 

current prices for the previous year with the volume index production for 2013 at previous 

year’s prices and with that implicit price indices are calculated.  
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 The figures of level 0 in the table concern to people with principal residence in one of the institutions 

at the appointed date of register based census without classification of eligibility for payments from 
the Austrian Federal Long Term Care Allowance Act.  



5 Conclusions 

Detailed production and product accounts for producing units can be compiled by linking 

corresponding data sources on transactions and personal data despite non-existing primary 

statistics. The results allow regional disaggregation with plausibility checks and the deduction 

of volume indices.  

In further works the presented outputs in physical terms will be amended by quality 

adjustments to generate data that measure the characteristics which affect utility provided by 

the received care services. By considering these elements the outcome can be interpreted 

as quality-adjusted output.12  

Moreover a further objective is the integration of input data, especially data on care staff. 

Especially a distinction between the degree of employment or educational background per 

employee is of high importance for the calculation of meaningful quality-adjusted volume 

indices. Moreover the distribution of employment to institutions is useful for the improvement 

of the regional allocation of transactions which is of high importance for producing units as 

part of regional or local authorities.  

In addition for the purpose of the distribution approach a very detailed insight into the 

employment structure is given for the calculation of annual average of jobs or full-time 

equivalents.  
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