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Abstract 
This paper is part of ongoing research1of Office for National Statistics (ONS) methodology for the 

estimation of Capital Stocks and Consumption of Fixed Capital. This particular paper examines how 

the Perpetual Inventory Method (PIM) can be generalised within an ONS context to allow for 

different retirement and depreciation assumptions. By way of example we note that such a PIM is 

capable of replicating two methods presently utilised within ONS and explores how the choice of 

method can impact on the resulting stock estimates. We deduce that a generalised PIM, allowing for 

different modelling assumptions, provides flexible options for estimating the stock level. 

Introduction 
Capital assets are those which are used as inputs to the production process; and the value of capital 

assets utilised by a given institution unit is referred to as its capital stock. Consumption of fixed 

capital (CFC) is the volume of investment necessary to maintain a given stock of capital assets. The 

Office for National Statistics (ONS) publishes estimates of capital stocks and CFC for different 

industries and asset types. Due to the expense of direct capital stock measurement, ONS makes use 

of the Perpetual Inventory Method (PIM) instead. This imputes stock levels from accumulated gross 

fixed capital formation (GFCF) data available in the Capital Expenditure survey. 

The standard ONS PIM assumes that assets follow a normal retirement pattern and exhibit linear 

depreciation. The National Statistics Quality Review (NSQR, 2014) also makes the following 

recommendation:  

Development Recommendation 10: We recommend that there is a Capital Stocks review to consider 
alternatives to the current linear depreciation, noting that many other countries have, after research, moved 
to some non-linear model.  (NSQR 4.7.1) 
 

McLaren and Stapenhurst (2015) examined possible choices of retirement and depreciation 

assumptions. When Research and Development (R&D) assets were reclassified as capital due to 

                                                           
1 The views in this paper do not necessarily reflect the official views, endorsed or currently used methods of Office for National Statistics. 

This is a research paper, and work is ongoing, so any estimates are provisional and will not necessarily reflect or directly relate to current 
or future published estimates. 
 



international guideline changes (see Business Investment, Q2 2014 Revised Results), a detailed ONS 

PIM method was developed to estimate the R&D stocks. This is because R&D assets exhibit different 

retirement and depreciation patters from other assets. 

We have now developed a generalised PIM in the programming language ‘R’ which can estimate 

stocks under a wide range of assumptions. Within this framework any probability distribution can be 

chosen to model retirements and any real function can be used to describe depreciation. This 

programme is capable of replicating the methods of both the standard and R&D PIMs that ONS uses. 

It could be used as a prototype for incorporating the two methods into a single system within ONS 

production systems; it also allows us to assess the practical consequences of different parameter 

choices, as we will demonstrate. 

In the first section of this paper we give some background to measures of capital stocks and give a 

brief description of the PIM methodology. In the next section we describe the parameters of our 

generalised PIM model and how these can be chosen to replicate the standard and R&D PIMs. 

Finally we carry out an analysis by applying the standard PIM method to the R&D dataset and 

comparing the resulting estimates of stocks with those of the R&D method and of an intermediate 

method. 

This paper is not prescriptive about parameter choices which are an empirical issue being examined 

by an ongoing National Institute of Economic and Social Research (NIESR) Service Lives Review on 

behalf of ONS. Likewise we also leave aside the bankruptcy and war adjustments. 

Background 
A detailed description of capital stocks estimation can be found in the Measuring Capital manual 

(OECD, 2009). 

The ONS measures the gross and net stocks of capital assets. The gross stock is the purchase value of 

assets used in production whereas the net stock is the sale value of assets used in production. The 

PIM estimates the former by summing the volume of past investment whilst deducting the value of 

assets as they cease to be used in production. When an asset ceases to be used in production, we 

say it has retired. The value of retired assets is modelled by a chosen retirement distribution. 

The decline in value which accompanies the ageing of assets is referred to as depreciation. To find 

the sale value of an asset, we deduct the value of depreciation using a price profile. The net stock 

therefore is found by deducting both the value of retirements and the value of depreciation from 

the accumulated past investment. From the net stock we can derive consumption of fixed capital 

(CFC) which is the value of depreciation occurring over a given period. 

Thus to estimate the capital stock of an asset using the PIM we need a time series of past investment 

flows (GFCF) in that asset, as well as a choice of retirement distribution and price profile, and an 

assumption about when, during a period, assets are purchased. Moreover, there are two methods 

outlined in the OECD manual (2009) for combining a retirement distribution with a depreciation 

profile, so this is also at the discretion of the user. McLaren and Stapenhurst (2015) discuss these 

choices in detail. 



A mathematical description 

We can describe the PIM mathematically as follows: Let 𝐺𝐹𝐶𝐹𝑖 be the value of GFCF taking place for 

a given asset class in period 𝑖, let 𝑆(∙) be the survival function of the retirement distribution (see 

McLaren and Stapenhurst 2015) such that 𝑆(𝑖) denotes the proportion of assets of a given data 

vintage surviving 𝑖 periods. Then the gross capital stock for the asset class in question, in period 𝑘, 

𝐺𝑆𝑘, is given by 

𝐺𝑆𝑘 =∑𝐺𝐹𝐶𝐹𝑖

𝑘

𝑖=1

∙ 𝑆(𝑘 − 𝑖 + 𝑜𝑓𝑓) 

where 𝑜𝑓𝑓 is the amount of time passing between the assumed purchase of the stocks and the 

compilation of the account in any given period (see Offset below). The expression for the net stock 

simply replaces the survival function 𝑆(∙) with a price or efficiency function (see McLaren and 

Stapenhurst 2015), 𝜓∙, so that the net stock in year 𝑘, 𝑁𝑆𝑘, is given by: 

𝑁𝑆𝑘 =∑𝐺𝐹𝐶𝐹𝑖

𝑘

𝑖=1

∙ 𝜓(𝑘−𝑖+𝑜𝑓𝑓) 

Consumption of fixed capital can derived from the net stock as follows: 

𝐶𝐹𝐶𝑘 = 𝐺𝐹𝐶𝐹𝑘 +𝑁𝑆𝑘−1 −𝑁𝑆𝑘 

To find the capital stock or CFC of a given set of assets, we apply this formula to each of the 

individual assets in the set and sum the resulting stocks. 

Pictorial representation of the PIM 

Figure 1 gives a graphical illustration of the PIM. Each row in the upper panel represents a vintage of 

GFCF, and each column represents a period of time. The lower panel shows the stock of capital.  

Figure 1: A visual representation of the PIM

 

The degree of saturation of each box indicates the value of capital assets in the vintage, or stock, 

during that period. Looking at column 1, the boxes in rows 2-4 of the upper panel are empty because 



these vintages have not yet been purchased. The grey box in row 1 indicates the value of the assets 

purchased in period 1. Since the stock in period 1 consists exactly of the assets purchased in period 

1, this box in column 1 of the lower panel has the same degree of saturation as the box in row 1 of 

the upper panel. In column two, we have a purchase of new assets indicated by the grey box in row 

2, plus the remaining stocks purchased in period 1. Since the latter have been diminished by 

retirements (and, if we were referring to net stocks, depreciation), they are indicated by the lighter 

grey box in row 1. The darker grey box in the stock panel is given by the ‘sum’ of these two shades. 

As each vintage ages, and assets retire, the representative shade becomes lighter, whereas the stock 

continues to grow, being represented by ever more saturated shades. 

Parameterising the Generalised PIM 
We saw above that the implementation of the PIM requires assumptions to be made about the 

distribution of service lives and the depreciation patterns of cohorts of assets. In this section we look 

at how these are specified in our generalised PIM programme and comment on the values which 

allow us to replicate the standard and R&D ONS methods. In particular, we describe here the 

retirement distribution, the price profile, the methods for combining the retirement distribution and 

price profile, and what we call the offset which is the amount of time which is assumed to pass 

between the purchase of assets in a given period and the compilation of the capital account. 

The retirement distribution 

A particular retirement distribution is specified by the functional form of its survival function and a 

set of parameters. The choice of retirement distribution is specific to each class of assets and may 

even vary across vintages within one class of assets. 

The generalised PIM allows for use of any retirement distribution with a well defined cumulative 

distribution function (CDF). McLaren and Stapenhurst (2015 pp6-20) documents a number of 

possible choices. Many CDFs of probability distributions are pre-programmed into the R base 

package, including the normal, Weibull, gamma and log normal distributions. CDFs which cannot be 

found in the R base package, or any of the additional packages, may be programmed as needed, e.g. 

as we have done for the hyperbolic form distribution. In the current generalised PIM, the same 

distribution must be used for all vintages of the same asset class, though this restriction may be 

removed in future. 

The standard ONS PIM assumes normal retirement for all assets, parameterised by the mean and 

variance of each class of asset for each vintage of GFCF data. In practice, each GFCF dataset is 

accompanied by time series of asset life length mean and variances.  

The R&D ONS PIM uses a Weibull distribution parameterised by shape and scale parameters. These 

shape and scale parameters have been derived manually from asset mean and maximum life 

lengths. They vary across asset type but not across vintage. 

In addition to the parameters of the retirement distribution, the PIM requires (for practical reasons) 

assumptions about the maximum and minimum life lengths of assets. If these are not available 

exogenously then they may be set to be some function of the other retirement parameters. For 

instance the R&D ONS PIM assumes a minimum life length of zero for all assets and a maximum life 

length is given exogenously for each asset type. The standard ONS PIM takes the maximum life 

length to be the mean plus four times the standard deviation of the retirement distribution, and the 



minimum to be the greater of zero and the mean minus four times the standard deviation. The 

generalised PIM allows for any constant or function of other parameters to be given.  

McLaren and Stapenhurst (2015 p6) discuss the process of and justification for truncating the 

retirement distribution. The R&D ONS PIM truncates the retirement distribution on the left at 0 

years (which is the minimum life length for all assets) and not at all on the right, whereas the 

standard ONS PIM truncates it at the minimum and maximum life lengths defined above. The 

generalised PIM truncates at the given minimum and maximum life length, though the truncation of 

the maximum life length (which we call right truncation) may be over-ridden to allow it to replicate 

the R&D ONS PIM.  

Single asset price (depreciation) profile 

The price profile of an asset class is defined by a function form, a life length, and parameter set, 

though in practice we never give more than one parameter for any given asset type. The life length 

tells us when the value of the asset reaches zero and will be derived from the retirement 

distribution. As with specifying the retirement distribution, the meaning of the depreciation 

parameter will vary with the functional form. We call this the single asset price profile to distinguish 

it from the cohort price profile which is derived by combining the single asset profile with a 

retirement distribution. 

The standard ONS PIM assumes a linear price profile for all asset classes and vintages which we 

consider to be a special case of the delayed price profile (i.e. with a delay of zero); the R&D ONS PIM 

assumes geometric depreciation where the parameter, which specifies the rate of depreciation, may 

vary across asset type. Any functional form taking one or less parameters may be named as an 

argument to the generalised PIM. The same form must be used for all vintages of the same asset 

class. A possible future development would be to allow for a functional form which varies across 

vintages and allows for an arbitrary number of parameters as we do with the retirement 

distribution. 

A number of depreciation functional forms are described in McLaren and Stapenhurst (2015), 

including both the linear and geometric forms.  

Choice of Profile Combination Method 

The Measuring Capital OECD Manual (2009 pp118-121) details two methods for combining a single 

asset price profile form with a retirement distribution to give a price profile for a cohort of assets. 

These are compared and discussed in more detail in McLaren and Stapenhurst (2015 pp21-25). 

These methods work by defining a unique depreciation profile for each life length in the domain of 

the retirement distribution; the cohort profile is then defined by taking an average of these curves 

weighted by the density of each life length. The methods differ in how they define the single asset 

profile: method ‘A’ (described in OECD, 2009 pp118-120) gives each asset a price profile which 

declines smoothly from 1 to 0 at exactly the age when the asset retires, whereas method ‘B’ (OECD, 

2009 p121) endows single assets with a profile which follows that of the longest lived asset until the 

time when the asset retires, when its price drops instantly to zero. 

We compare these two methods graphically in Figure 2. The left panel shows method A and the right 

panel, method B. Each panel shows the density curve of the retirement distribution which is the 

same in both cases. The thin declining lines show the price profiles of individual assets and the thick 



black line shows the weighted average of the single asset price profiles, which we use for the cohort 

price profile. We observe that the outcome of method B is always greater than that of method A, 

with equality only when the single asset depreciation profile is geometric. 

The choice of method is an empirical issue and lies outside the scope of this paper. We note here 

that the standard ONS PIM utilises method A and the R&D ONS PIM uses method B. The generalised 

PIM allows for a choice of either. 

Figure 2 profile combination methods (Method A is on the left, Method B is on the right) 

 

Offset 

Since GFCF is a flow measure, it does not tell us the precise time during in a period when assets are 

purchased, thus it is not clear how old assets are at the point when the capital account is compiled. 

The offset is real number in the interval [0,1) indicating what proportion of the period is assumed to 

pass between the point of purchase of an asset and the compilation of the account. For instance, 

𝑜𝑓𝑓 =
1

2
 implies that assets purchased in a period 𝑖 are half a period old when the account is 

compiled in period 𝑖. This is important for determining how many retirements and how much 

depreciation takes place in each period. 

The R&D ONS PIM assumes an offset of 0 and the standard ONS PIM an offset of ½. The generalised 

PIM allows for any offset in the interval [0,1).  

Parameter Comparison Using R&D Data 
In this section we use the generalised PIM to estimate the capital stocks of R&D assets using 

alternative parameter choices. In particular, we apply ONS standard PIM methodology to the R&D 

data, and a method which combines elements of both the standard and R&D ONS PIM methods, the 

intermediate method. The parameter choices for each method are summarised in Table 1, a detailed 

description of which is given in the previous section. 



 

Table 1 R&D and standard PIM parameter comparisons 

 R&D Intermediate Standard 

Retirement Weibull Weibull Normal 

Depreciation Geometric Geometric Linear 

Min, max life lengths 0, exogenous 1, exogenous 𝜇 ± 4 · 𝜎   

Price type B A A 

Right truncation No Yes Yes 

Offset 0 ½  ½  

Gross stock (2012) 1 0.96 1.01 

Net stock (2012) 1 0.70 1.38 

 

The gross and net stocks reported for each method represent the total stock in 2012 indexed to the 

total stock of the R&D method in 2012. Thus we see that the standard parameters increase the total 

gross stock by 1% and the total net stock by 38%. 

We can also examine the changes in stock level for a selection of 115 individual asset classes that are 

available within the R&D dataset. The table below summarises these differences for the years 1999 

and 2012. For instance, “Net CORD 1999 Min. 1.095” means that when we compare the stocks of 

each asset in 1999 under the standard and R&D ONS PIM methodologies, the minimum difference is 

9.5% (i.e. the standard measured stock of that asset is 9.5% greater than the R&D stock of that 

asset). These results may differ from those given in the table above (e.g. the gross standard ratio is 

mostly below 1 here whereas it is greater than 1 above) because they give each asset an equal 

weight whereas the assets above are effectively weighted by the size of their stock; so whilst most 

asset classes by number have a lower gross stock under the standard method, these classes tend to 

be small, whereas the few classes with greater gross stocks under the default method must be 

comparatively large so as to induce an increase in the total level of stock. 

Table 2 R&D data, standard (CORD) and intermediate (INT) method individual asset class stock analysis comparisons for 
different years. 

 

The first observation to make is that the intermediate method always gives a lower stock than the 

R&D ONS PIM method. Notice that the greater minimum life length assumed by the intermediate 

method and the process of truncating at the maximum life length, can only increase the level of 

stock, whereas the greater offset can only decrease the estimated stock levels. Thus the negative 



effect of the offset must be great enough to decrease the size of the stock by at least a percent in all 

cases (gross INT 2012 max = 0.9868), and on average by about 4.5% (gross INT mean 0.9534, 0.9578 

in 2012 and 1999 respectively). It also outweighs the positive impacts of the greater minimum life 

length and right truncation. Looking at the comparison of the net stocks by the intermediate method 

and the R&D ONS PIM method used in practice, we see that the impact of the choice of price profile 

is very great indeed, reducing the stock by about 30% (net INT mean 0.6860, 0.6862 in 1999, 2012 

respectively).  

We see that the standard ONS PIM method gives similar results to the intermediate method for the 

gross measure of stock, suggesting that the choice of retirement distribution (and for that matter 

the choice of minimum and maximum retirement ages) has little impact on the results.  

It is difficult to assess the magnitude or direction of the changes in minimum and maximum service 

life assumptions between the standard and intermediate methods. The standard method maximum 

may be higher or lower than the exogenous values used in the R&D and intermediate methods; the 

standard method minimum must be the same or greater than the others since it is bound below by 

1. Similarly the impact of using the normal rather than the Weibull distribution is difficult to assess. 

The results in table 2 suggest that the combined effect is negative for most assets, but strongly 

positive for enough assets that the impact on total stocks is positive (table 1). 

Looking at net stock under the standard method we see that it is substantially greater than the R&D 

output, which can only be a result of the choice of depreciation profile. Again this is not surprising 

since a linear profile is usually greater than a geometric profile for most of the asset’s life. The case 

where the decay rate of the geometric profile is less than the reciprocal of the asset’s life length is 

an exception. What is less certain, however, is if this effect outweighs the effect of the change in 

profile combination method. 

Of course if we wish to examine the impacts of these changes in more detail it would be best to 

isolate them, but this investigation has been a useful first step in comparing the differences between 

methodologies presently utilised in ONS capital stock calculations. Our main conclusions are that the 

choice of offset can influence stock levels, and that the profile combination method and 

depreciation profile should be carefully considered. Minimum and maximum life lengths, and choice 

of retirement distribution family have smaller effects on stock levels. 

Summary 
In this paper we have described a generalised PIM programme which is capable of replicating the 

standard and R&D ONS PIM implementations as special cases. We have demonstrated the utility of 

such a programme by using it to compare the results of these different methods, applied to the 

same dataset, and shown that there are differences in the outputs when the parameters are 

modified. While further work is still required, a potential benefit of this programme is that it allows 

the two existing ONS PIM methods to be incorporated under a single framework to give a flexible 

research tool which can be used to inform future work in this area. Further evaluation work will 

continue, particularly with emphasis on the PIM parameter choices.  
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