Capital budgeting  Making decisions having significant future benefits or costs for various entities and their stakeholders.

Capital budgeting is the backbone of financial economics.  Related topics in financial economics include: the time value of money, the meaning of net-present value, accounting concepts consistent with present-value calculations, discount rates, and option valuation techniques.

In the public sector, the term is often exclusively associated with infrastructure investments -- plant and equipment.  It is more properly associated with all policy choices that have significant, long-term consequences: especially decisions about missions, programs, products, processes, or procedures.

There are standard solutions to several kinds of capital-budgeting problems: make or buy decisions, investment in working capital (especially inventories) decisions, maintenance-level decisions, project selection, the choice of mutually exclusive investments, and investments in plant with fluctuating rates of production.  However, the same basic calculus of benefits and costs is supposed to guide all classes policy choices with long-term consequences.

Financial Theory

Financial theory teaches that, in the presence of a capital market where funds can be obtained at a price, welfare will be maximized by the implementation of all policy choices that generate positive net-present values.  This means, in part, that the timing of benefits and costs is generally of no importance. Most students of financial economics further assert that capital budgeting decisions should also be independent of the source of financing -- value will be the same regardless of whether it is financed with debt, equity or taxes.

Taken together these two assertions imply that all capital budgeting decisions should be governed by cost-benefit analysis, which says: do it whenever benefits exceed costs.

Budget Processes
The institutional arrangements through which capital budgeting decisions are made in the private sector are often analogous to the authorization/appropriations processes of the federal government of the United States.  Indeed, Donaldson Brown, then chief financial officer of the General Motors Corporation, explicitly referenced the authorization/appropriations processes of the federal government when he created the first modern procedure for the allocation of capital funds between corporate divisions in 1923.  Under Brown’s system, appropriation requests had to include detailed plans of the buildings, equipment, materials required, the capital needed, and the benefits to be achieved from the appropriation.  A general manager’s signature was sufficient authorization for a request below a certain amount.  However, all very large projects required the approval of the GM’s Executive Committee. 

Prior to 1981, when the General Electric Corporation restructured and decentralized operations, capital budgeting at GE followed a similar procedure.  First came strategic planning which authorized organizational units to undertake various initiatives.  This process produced tentative income targets for each business unit and allocations of capital from corporate headquarters to sectors, sectors to strategic business units, and from strategic business units to divisions.  Commitment was provided in the next step of the capital-budgeting process, which authorized sponsoring managers to encumber funds to carry out initiatives.  Division managers could appropriate up to $1 million for each initiative, sector executives $6 million, and the CEO $20 million; larger amounts had to be appropriated by the Board of Directors.  The appropriator was supposed to ascertain that the strategic purpose behind the initiative was valid and then determine that the proposed initiative was optimally designed for its purpose.

Differences between Capital Budgeting Processes in Business and Government
Despite certain similarities, the differences between the way capital budgeting is done in the private sector and governmental budgeting are often great and in several respects decisive.  

In the first place, most private entities employ multiple budgets: capital budgets, operating budgets, and cash budgets.  Private-sector capital budgeting is concerned only with decisions that have significant future consequences.  Its time horizon is the life of the decision; its focus is the discounted net present value of the decision alternative.  It is always distinguished from operating budgeting, which is concerned with motivating managers to serve the organization to the best of their abilities.  In the operating budget the relevant time horizon is the operational cycle of the administrative unit in question, perhaps a month or even a week in the case of cost and revenue centers, usually longer where investment and profit centers are concerned.  Operating budgets focus on the performance of the administrative unit, outputs produced and resources consumed -- where possible these are all measured in current dollars.  Cash budgeting is concerned with providing liquidity when needed at a minimum cost.  Most governments try to make one process do the work of three.  Not surprisingly, that process usually fails to do any one thing very well.  What governments do best is liquidity management, although, paradoxically, liquidity is rarely a serious concern to most national governments.

Second, private-sector capital budgeting is selective.  It is usually concerned only with new initiatives, and then only with changes in operations that are expected to yield benefits for longer than a year.  Despite powerful inclinations to incrementalism, governmental budgeting tries to be comprehensive.  All planned asset acquisitions, including current assets as well as long-term assets, are typically included under the appropriations/authorization process.  

Third, private-sector capital budgeting tends to be a continuous process.  Most well managed firms always have a variety of initiatives under development.  The decision to go ahead with an initiative is usually made only once, when the initiative is ripe, and is usually reconsidered only if it turns sour.  In contrast, budgeting in the government tends to be repetitive -- most appropriations are reconsidered annually on the basis of a rigid schedule. 

Fourth, an initiative's sponsor or champion within the organization is usually given the authority and the responsibility for implementing it.  In government  the new initiative's champion is seldom assigned responsibility for its implementation; instead, that responsibility is usually given to someone else, sometimes even in an entirely different  department (see Bower, 1970).

Another difference is that the objective of capital budgeting in the private sector is the identification of options with positive net-present values, since in the absence of real limits on the availability of cash or managerial attention, the welfare of a firm's shareholders will be maximized by the implementation of all projects offering positive net-present values.  While many  government decisions are informed by cost-benefit and cost-effectiveness analysis (in the United States, federal water and power and state-construction projects have long been required to pass a benefit-cost test; Congress has recently imposed similar requirements on mandates and regulations; and federal loan-guarantee and insurance programs are funded in present-value terms), appropriations requests rarely show all the future implications of current decisions in present value terms.  For example, in the United States, the federal government routinely reduces current outlays by delaying major acquisitions and maintenance efforts, often thereby increasing discounted costs sixty percent or more.  This irrational policy is justified by the need to reduce the deficit and, thereby, avoid borrowing at interest rates of seven percent or less at present.

The biggest difference, however, between budget authority in most governments and the capital budgets approved by top management in the private sector lies in their relationship to operating budgets.

Government Budgeting and Operational Budgeting
In the private sector, operating budgets are management control devices.  They are a means of motivating managers to serve the policies and purposes of the organizations to which they belong.  In the private sector, management control is not primarily a process for detecting and correcting unintentional performance errors and intentional irregularities, such as theft or misuse of resources. Operational budgeting comprehends both the formulation of operating budgets and their execution.  In operating-budget formulation, an organization's commitments, the results of all past capital budgeting decisions, are converted into terms that correspond to the sphere of responsibility of administrative units and their managers.   In budget execution, operations are monitored and subordinate managers evaluated and rewarded. 

The budgeting systems of some governments do this.  But there are critical differences between programming and budgeting in most governments and standard practices in well-run firms. Operational budgets in government tend to be highly detailed spending or resource-acquisition plans, which must be scrupulously executed just as they were approved. In contrast, operating budgets in the private sector are usually sparing of detail, often consisting of no more than a handful of quantitative performance standards.

This difference reflects the efforts made by firms to delegate authority and responsibility down into their organizations.  Delegation of authority means giving departmental managers the maximum feasible authority needed to make their units productive -- or, in the alternative, subjecting them to a minimum of constraints.  Hence, delegation of authority requires operating budgets to be stripped to the minimum needed to motivate and inspire subordinates.    Ideally the operating budget of an organization would contain a single number or performance target (e.g., a sales quota, a unit cost standard, or a profit or return-on-investment target) for each administrative unit.   

Again, government budgeting often reflects the form but not the content of private sector capital and operating budgets.  The Unites States defense department’s Planning, Programming, Budgeting System, for example, starts with strategic plans.  These are then broken down by function into broad missions (e.g., strategic retaliatory forces) and are then further subdivided into hundreds of subprograms or program elements.  Next comes the identification of program alternatives, forecasting and evaluating the consequences of program alternatives, and deciding which program alternatives to carry out.  This exercise produces a plan detailing both continuing programmatic commitments (the "base") and new commitments ("increments" or "decrements") in terms of force structure (including sizes and types of forces) and readiness levels, inventories and logistical capabilities, and the development of new weapons and support systems.  The consequences of the DOD's programmatic decisions are estimated in terms of the kind, amount, and timing of all assets to be acquired, including personal services as well as plant, equipment, and supplies, to be funded for each program package (assuming no change in commitments) during the next six-year period.  These acquisition plans are expressed in terms of current dollars and arrayed by military department, object of expenditure, and function.  These estimates constitute the financial management portion of the Defense Plan, the first year of which constitutes its budget proposal.

However, even defense budgets do not really distinguish between deciding what to do and actually doing it.  What Congress decides is what is supposed to be done -- budgets are supposed to be executed the way they are enacted.  For the most part, operating managers may do only what their budget says they can do: buy things, e.g., personal services, materials and supplies, long-lived plant and equipment.  In other words, they are treated like the managers of discretionary expense centers; they have no real authority to acquire or use assets; without this authority, they cannot be held responsible for the financial performance of the administrative units they nominally head. 

Even where business and government use similar terms they often refer to different things.  For example, many state and local jurisdictions remove large-scale, lumpy investments in plant and equipment (highway construction, waste -management facilities, pubic housing, educational facilities, hospitals, etc.) from their operating accounts/budgets to a plant or fixed assets fund/capital budget.  Often they borrow the cash used to make these investments and match repayment of principle and interest payments to the life of the asset.  These payments are then charged to the operating fund.  Lacking economically sound rentals, these payments more or less satisfactorily measure the consumption of the asset.  Certainly, they are no less satisfactory than the straight-line depreciation schedules businesses often use for their general purpose financial statements and, in some cases, their cost accounts.  Nevertheless, this procedure turns capital budgeting practice on its head, i.e., instead of converting future flows of benefits and costs to present values, large, lumpy current outlays are converted into a stream of future payments.

In fact, differences between the institutional arrangements through which capital budgeting decisions are made in government and in business were probably never greater than they are in the United States right now.  This is the case for two reasons.  First of all, business has reduced its reliance on tight capital controls.  Businesses used to believe that capital was their most valuable asset and that the chief task of top-management was allocating it to productive uses; now most realize that their most precious resource is knowledge and that management’s most important job is ensuring that knowledge is generated widely and used efficiently.  As Jack Welch, chairman of GE recently explained, the centralized capital budgeting procedures it once used were “right for the 1970s, a growing handicap in the 1980s, and would have been a ticket to the bone yard in the 1990s.”

Secondly, in 1973 in the Budget Impoundment and Control Act, Congress adopted the defunct Keynesian economics of the 1967 report of the President’s Commission on Budget Concepts and now gives as much weight to outlays as to budget authority, and sets ceilings (toplines) on both obligational authority and outlays (Doyle and McCaffery, 1991).  This is deplorable, since outlays have little real economic significance, except insofar as the sources of government financing or the timing of payments influence long-term considerations arising from the level of savings or private-sector investment. 

Elsewhere, governments, starting with New Zealand, but now including Australia, Canada, Denmark. Finland, Sweden, and Britain have been adopting private-sector budgeting and accounting practices.

New Zealand
Most of the attention given to New Zealand has focused on its efforts to improve the quality of external financial reporting practices: the adoption of accrual accounting and reporting on performance.  New Zealand has become the first country to publish a rational set of government accounts that includes a balance sheet of its assets and liabilities and an accrual-based operating statement of income and expenses that is similar to the accounts of a public company.  Accrual accounting provides a more accurate picture of a government's financial position because it keeps track of the changing value of assets and liabilities.  Capital investment is depreciated over the life of the asset rather than being written off in the year when the money is spent, as is done under cash accounting.  Likewise, future pension obligations count as a liability.  All of these changes have helped to bring New Zealand financial reports in to line with present-value calculations

However, the changes made in the structure of the government of New Zealand designed to promote effective resource use and investment are perhaps even more significant than are the changes in its financial reporting practices (the following is based on Scott, Bushnell, & Sallee, 1990; Ball, 1994).  First of all New Zealand’s Parliament has privatized everything that is not part of the ‘core public sector.’  The residual ‘core public sector’ includes a mix of policy, regulatory and operational functions: military services, policing and justice services, social services such as health, education, and the administration of benefit payments, research and development, property assessment, and other financial services.

Second, Parliament has redefined the relationship between it and the department heads.  Departmental heads lost their permanent tenure and are now known generically as 'chief executives'. They are appointed for fixed-terms of up to five years, with the possibility of reappointment.  Each works to a specific contract, the conditions of which are negotiated with the State Services Commission and approved by the Prime Minister.  The State Services Commission also monitors and assesses executive performance.  Remuneration levels are directly tied to this performance assessment.

Third, under the Public Finance Act of 1989, Parliament changed the way it appropriates funds for use by the government departments remaining.  It has tried to link appropriation to performance, allowing Parliament to control the level of resource use and the purposes to which resources are put, but, at the same time, providing greater flexibility for department chiefs.  The basis of appropriation depends on the department’s ability to supply adequate information about its performance. Three modes of appropriation are possible, recognizing that some departments provide goods and services that are more ‘commercial’ or ‘contestable’ than do others.

All departments started out in Mode A, but most have now progressed either to Mode B or C.  Under Mode A, departments are still treated as discretionary cost centers.  Parliament appropriates funds for the purchase of resources.  Indeed, the only change from budget process in effect before 1989 (or, for that matter, the budgets used by most jurisdictions throughout the world) is that separate appropriations were provided for expenditures for plant and equipment.  This mode remained in force until the department developed a satisfactory accrual accounting system and identified its outputs, both of which are needed for performance assessment.

Under Mode B, departments are treated like expense or quasi-profit centers.  This mode is designed for departments that supply traditional, non-contestable, governmental services: the central control agencies, including the State Services Commission, most regulatory and police functions, and some justice services, i.e., policy agencies and activities that include an element of compulsion for the buyer.  Under this mode, Parliament appropriates funds retrospectively to reimburse departments for expenses incurred in producing outputs during the period covered by the contract, whether for the government or third parties.  Expenses are measured on an accrual basis; they include depreciation, but exclude taxes and the return on funds employed.  Any increase in the level of the state's net asset holdings in the department is also explicitly appropriated.

Under Mode C, departments are treated like investment centers.  Appropriations pay for the outputs produced by the department and for any changes in the department 's net assets.  Departments in Mode C are required to pay interest, taxes, and dividends and must establish a capital structure.  The department is set up in a competitively neutral manner so that its performance can be assessed by comparison with firms in the private sector.  The price paid for the outputs supplied the department is supposed to approximate the ‘fair market price’. In general, this means that the department must show that it is receiving no more than the next best alternative supplier would receive for providing the outputs.  Under Mode C departments are similar to state-owned enterprises, but they are not permitted to borrow on their own behalf or to invest outside their own businesses.

Each month, each department reports on its financial position and cash flows and resource usage and revenue by output. Variances are calculated and explanations provided.  Under both Modes B and C, managers are free to make some decisions (under C most) about investments in plant and equipment.  The fact that their financial performance is one of the main bases upon which their performance is assessed helps to insure that those decisions will be sound.

Government’s key capital budgeting decisions remain firmly in the hands of Parliament, however.  The decisions that have the most significant future consequences for the government of New Zealand’s stakeholders are clearly those which have to do with the kind, quantity, and quality of service provided by the citizenry.  Under the existing system of appropriations and financial reporting, those issues must be explicitly confronted when cabinet enters into long-term contracts with departments, state-owned enterprises, and firms to deliver service outputs and its consequent liabilities must be stated in present value terms.  The fiscal outcomes of the government of New Zealand’s decision-making processes are truly both mission driven, and results oriented.

Implementing Mission Driven, Results-Oriented Budgets in the United States
The locus of United Sates Congress's power lies in its power over the purse and the details of administration, as exemplified by item-by-item approval.  More than any other institutional arrangement, item-by-item approval distinguishes congressional government from parliamentary systems, in which the legislature's power is largely sham.  

Can the kind of arms-length, quasi transfer-pricing mechanism adopted in New Zealand under modes B and C be adapted to the realities of congressional power, or, is it necessary to transform Congress to give meaning to the mission-driven, results-oriented budget concept?  That a number of states have experimented with mechanisms like New Zealand’s suggests that the American form of government, with its separation of powers, in not inherently inimical to the adoption of business-like budgeting practices.  Indeed, it is possible that Congress could allow enough flexibility to make it work merely by increasing agency discretion to transfer budget authority between lines and through time, by treating budget authority as permissive (i.e., permitting, but not requiring, the obligation of funds), and by restricting its propensity to fund long-term investment programs on a one-year-at-a-time basis.

Robert Anthony (1990), for example, argues that dividing the United States budget into an operating portion and a capital portion, much like some state and local budgets could do this.  The operating budget would be appropriated annually or biannually and would be expressed in terms of the amount of expenses authorized for the period in question.  The capital budget would be directed to the acquisition of long-lived assets and would in essence be unchanged from existing provisions of obligational authority.

Anthony recognizes that responsibility centers cannot possibly meet all of their needs using spot-market transactions.  They frequently need to enter into long-term, exclusive relationships with outside suppliers, and support centers have to make long-term commitments, involving highly specific assets, to supply other support and mission centers within government.  Regardless of how mission centers obtain the use of long-term assets, directly from an outside supplier or indirectly through a support center, their employment will give rise to discrepancies between obligations, outlays, and consumption.  The use of long-term assets and inventory depletion also give rise to intertemporal spillovers from one budget period to the next and, therefore, discrepancies between operating budget accounts and the Treasury’s cash account.  Reconciling these discrepancies under Anthony’s proposal would necessitate the creation of an additional annual (or biannual) appropriation for changes in working capital.  Presumably too, Anthony would have Congress set up a capital fund to provide both mission centers and their suppliers in government with financing for the acquisition of long-term capital assets.

Elsewhere, however, I have argued that one could go still further toward making congressional budgeting even more like capital budgeting in benchmark businesses: i.e., permissive, continuous, and selective.  What this means is that congressional budgeting should focus on all of the cash flows that ensue from its programmatic decisions (operating expenditures and transfers as well as acquisitions and construction), and for the life of the decision, not just the cash flows that occur in the initial fiscal year.  New obligational authority should be expressed in terms of the discounted present values of those cash flows.  Congress would also de-emphasize the budget resolution, with its fixation on outlays, and reemphasize obligational authority.  The core of congressional power lies in its authority to decide to go ahead with a program, activity, or acquisition, which is what the authorization/appropriations process has always been about.  Its next step would be to throw away the comprehensive, annual executive budget.  Executive branch agencies should be permitted to come forward at any time with proposals to change the scope, level, or timing of their operations.

Congress should consider proposals to try something new as soon as they are ready to be considered, but consider them only once.  Once a project has been approved by Congress, it should be reconsidered only if circumstances change or the project goes bad.  This means that obligational authority should be granted for the life of the project and should reflect the discounted present value of the project’s cash flows.  Standing appropriations should be continuously adjusted to reflect these important decisions.

Congress currently takes about the right approach to providing budget authority for the acquisition of long-lived assets, although the system of one-year-at-a-time authorization and appropriation that Congress has adopted in recent years is inimical to sound project management.  Nevertheless, where plant and equipment are concerned, current costs are present values.   In contrast, where on-going activities are concerned, current costs greatly understate government’s actual obligations  

The third step would be to make legislative budgeting more selective -- this means that most federal budgeting would be more like the current process of authorization and appropriation for social security.  Congressional budgeting should focus only on significant changes in operations, activities, and investments in fixed assets.  Otherwise, congressional attention should not be necessary.

Most government departments/responsibility centers should probably operate under permanent authority.  They should have to seek budget authority from Congress only when they wanted to make changes with significant future consequences and, then, only if the changes increased the Treasury’s liabilities.  If Congress wanted to reduce spending, it would have to enact programmatic changes that reduced permanent appropriations (although performance-based spending cuts could be built into those appropriations).

Under this approach, most departments would still have to obtain congressional authorization to make major new investments or changes in their corpus. And Congress would probably still reconsider funding levels for research and development on an annual or biannual basis.  Aside from these exceptions, however, all new obligational authority would be expressed in terms of discounted net cash flows -- which would dramatically change congressional authorizations and appropriations for operating purposes.  Congress would probably also have to acknowledge formally that obligational authority is permissive rather than mandatory.

Fiscal control under this approach to congressional budgeting would remain more or less as it is now.  Presumably, the Office of Management and Budget's monthly apportionments to responsibility centers would remain at constant levels as long as Congress did not increase (or reduce) their budget authority.  In addition, the Treasury should probably be authorized to buy and sell notes on behalf of agencies to provide them with short-term liquidity and to match cash inflows with the actual pattern of cash outflows.

There really is nothing new about any of these proposals.  In essence they merely would restore the congressional budget process that existed prior to the passage of the Budget Act in 1921, which established a comprehensive, annual executive budget for the federal government, created what has become the Office of Management and Budget, and at the same time, restricted congressional power.  Many of the constraints that Congress has built into the existing budget process can be interpreted as efforts to overcome those restrictions and to escape the procrustean bed imposed by the comprehensive, annual executive budget (maybe because a comprehensive, annual executive budget was a bad idea to begin with or maybe because it has now outlived whatever usefulness it once might have had).

Appendix

Responsibility budgets should be matched to the operating cycle of the responsibility center in question. They are usually incremental. This means that they presume some kind of a base plus an increment, which is adjusted for circumstance (volume and price changes, scheduled savings, etc.) 

The result for discretionary expense centers is a spending plan, for engineered expense centers a flexible spending plan (i.e., the budget has two components, a discretionary component and a component that varies directly with volume), and for cost or profit centers a performance target or goal. These budgets say what a responsibility manager is responsible for doing – spending, meeting required output levels, or managing costs. For a cost center, the target will be a unit-cost standard, usually called a standard cost. For a quasi-profit center, the target will be expressed as a quasi profit measure: (Standard Cost [units delivered] – Actual Unit Cost [units delivered]). For a profit center, revenue – cost of goods sold. 

The real difference between kinds of centers is not in how they are evaluated, what the manager is responsible for, but the authority delegated to responsibility managers with respect to the use and acquisition of assets. Expense centers must have all proposed outlays approved by a higher level. The only difference between discretionary and engineered expense centers is that prior approval is granted for acquisitions needed to adjust to changes in production rates, volume, or mix.

The budget of an investment center is also a target or goal – usually return on assets (ROA or ROI) or residual income (RI). The main difference between investment centers and all other responsibility centers is that the former approves its own capital budgets.

Capital budgeting is concerned with changes that have multi-cycle consequences for the responsibility center in question – investment in new plant or equipment, a new product development, a major process enhancement, etc. In the absence of liquidity constraints, capital budgeting should be carried out continuously. Where cost and profit centers are concerned, some higher authority must approve these kinds of projects. And, each time a project is approved, the targets for the current cycle should be adjusted accordingly, as should future year targets.

IN CONTRAST, investment center mangers can make these kinds of decisions without the approval of a higher authority. Their budgets are expressed in terms of performance targets expressed in terms of their skill in managing assets: ROA, EVA.

ROA (ROI) is good because targets can be adjusted to focus managers’ attentions on key success factors and also because every manager can be measured by the same metric. It is bad because under certain circumstances it causes managers to make decisions that are bad for their organization. Two situations are critical: The first is where the ROA target is not consistent with the entity’s capital cost, in which case the investment center manager will under-invest in assets. The second case is where the depreciation rate used in calculating ROA is not the true economic rate of depreciation, in which case managers may make bad decisions about both the maintenance and the acquisition of assets. 

When R is the true rate of return on an investment, true depreciation (D) is equal to the difference between true π and R. For example, suppose that $1 of investment today yields profits of πoe-Dt at time t:

$1 = ∫ox πoe-Dt e-Rt ∂t, or 1 = πo/(R+D), or R = πo – D

Calculated using book values and tax depreciation rates, the accounting rate of return is: 

Rac(t) = Accounting Income (t)/ Accounting Book Value (t)

Hence R = Rac, if and only if and tax depreciation rates = R. For example, if R = .05 and D = .1, if the depreciation rate used is .2, even though the true R is constant and equals .05, the measured Rac is -.03 in Year 1 and .91 in Year 20.

Economic Value Added (EVA), which is the currently popular term for the traditional accounting concept of residual income (RI), subtracts from operating income a charge for invested capital. 

Normally the charge for invested capital is the book value of working capital plus fixed capita times a discount rate, which reflects the entity’s average nominal cost of capitol. This approach contains three errors, which are assumed to be self-correcting. HC is used rather than replacement cost; a nominal rather than a real rate is used (not adjusted for inflation), and an average rate is used rather than a marginal rate.

The alternative way to measure the use of invested capital would be to measure the market rental that could be earned on each item. For example, Public utility regulators throughout the United States use the following procedure to convert the replacement price of a wasting asset into a periodic rental price. This approach differs in two significant ways from standard business practice: it uses current replacement cost and it adjusts the rate of depreciation for investments in maintenance. It also applies different depreciation rates to different kinds of assets.

Let:

R(t)
= 
rental price for one unit of equipment at time t,

p(t) 
= 
purchase price of one piece of equipment at time t,

K(t)
= 
amount of equipment remaining at time t, if n units were purchased at time 0,


r 
= 
discount rate


d
= 
rate of depreciation
(which is defined as the rate at which the equipment declines in its productive capacity, a function of use, wear and tear, and maintenance levels; d = -K’/K, where an apostrophe indicates differentiation with respect to time).

It is a fundamental law of capital theory that the price of an asset equals the discounted present value of the rentals one could obtain from the asset. If K(t) units of equipment remain at time t, then the total rental at time t would be R(t) K(t). Therefore:

p(t=0) 
 = 
∫xo R(t) K(t) e-rt dt, when K(0) = 1.

This formula for the asset price applies not just at time 0, but at any time y. Hence:

K(y) p(y) 
= 
∫xy R(t) K(t) e-r(t-y) dt,

By taking the derivative of this equation with respect to y, one obtains:

K’(y) p(y) + K(y) p’(y) =
r(y) K(y) + r ºxy R(t) K(t) e-r(t-y) dt


= R(y) k(y) + r[p(y)] K(y), 

Hence:

R(y)
= (r + d - [p’/p]) p(y).




This means that that the rental rate per asset equals interest foregone, plus depreciation, minus any price appreciation or decline.

(D.W. Carlton and J.M. Perloff  Modern Industrial Organization  (Scott Foresman., 1990) pp. 56-57, 397.)
