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Abstract



A multinational firm has the option to switch production to the lowest cost location when either factor prices or exchange rates change, and this paper argues that NPV analyses may not capture the value of this operational flexibility. An options pricing model is introduced to value flexibility and an adjusted NPV calculation is offered that incorporates the value of these real options.  Once the investment rule is revised, the costs of acquiring operational flexibility are compared to the value that a foreign investment adds to existing investments.  The paper shows that in some cases valuable projects may be rejected if the value of flexibility is not included.  The model is also used to compare competing investment locations and to comment on optimal location, capacity choice (and investment timing) decisions.  The paper is tested with wage data for a host of countries and concludes by discussing the implications of such an approach for U.S.-based MNEs.
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�Introduction



As the global economic environment undergoes a rapid transition firms are presented with a situation where doing business, whether in a national or international context, is fraught with uncertainty.  Previously centrally-planned economies are gravitating towards a free market system and traditionally lesser developed economies are undergoing a metamorphosis through fiscal prudence and emphasis on growth.  This paper will attempt to illuminate business risks that arise from volatility in specific markets and show how these may affect strategic decisions that firms must make once they choose to be multinational in this dynamic business environment.



Multinational enterprises (MNEs) that are able to respond rapidly to changing business conditions will gain the competitive advantage in the global market.  As competition between MNEs takes place along a number of dimensions, the competitive position of the organization will be affected by the following: uncertain demand for products;� changes in the cost of mobile and immobile inputs in different countries; volatile exchange rates; revisions in government policy agendas; and innovations in process and product technology.



The strategic management literature has focused its attention on encouraging managers in MNEs to implement strategies that provide operational flexibility.�  For example, multiple sourcing relationships allow MNEs to mitigate losses that stem from unanticipated changes in input costs in a particular country or from adverse exchange rate movements.  In addition, firms have been encouraged to invest in flexible technologies that allow automated production lines to switch from the production of one product to another with minimal stoppage time.�  An example of firms adopting flexibility in production techniques to deal with shifts in demand between models comes from the Japanese auto industry.  Japanese auto manufacturers have been praised for their investment in flexible technologies, and part of their success was attributed to their ability to exploit this flexibility.



While it is clear that having flexibility is desirable in the face of future uncertainty, investing in flexibility is a resource allocation decision.  As with all resource allocation decisions, the crucial question is whether committing scarce resources to acquire certain types of flexibility will result in substantial increases in expected value of the organization.  This paper fills a gap in the existing literature on flexibility by showing how static investment valuation techniques may be inadequate for the task of project valuation when costs are stochastic and MNEs can manage capacity utilization, and offers an adjustment to the traditional “net present value” (NPV) rule.  Once the investment rule is modified, it is possible to show how the MNE’s strategic decisions regarding the location of economic activity and the maintaining of excess capacity (and possibly even investment timing) are affected�.



Pindyck (1991) demonstrates how a firm should value the option to invest when investment is irreversible and in other work (Pindyck (1988) and Pindyck and He (1991)) presents a methodology for valuing incremental capacity.  The critical idea is that when demand/costs are stochastic, the firm has the option in every period to decide whether or not to use a unit of capacity.  The firm acquires this portfolio of options when it invests in a unit of capacity.  However, the key decision for the firm is the investment decision i.e., whether it should pay a sunk cost to acquire that unit of capacity today or else wait till some future period.  From his work he is able to show that in the presence of stochastic demand (and/or units costs or production) firms may postpone investment rather than invest today.



While this view is acceptable for national firms, this approach fails to recognize that many firms are multinational.  MNEs locate plants in a host of countries and have the ability to manage capacity utilization in every plant depending on the variability of local conditions and exchange rates.  This paper concentrates on valuing operational flexibility as it pertains to the MNE's ability to exploit its global spread to produce a substantial share of its output at lowest cost.  It shows that the important variable for a MNE is not the variability of domestic environments considered in isolation, but instead the co-variability, or lack thereof, of unit costs of production (in the numeraire currency) in the different geographical regions in which the MNE has a factory.



Kogut and Kulatilaka (1991) show how a firm (MNE) located in more than one country can produce all the output at lowest cost.  This is an overstatement, as MNEs are capacity constrained in the various locations, and hence may be able to only shift capacity utilization.  This paper first demonstrates how a MNE should value projects that provide them with the flexibility to shift production.  Thereafter, the rigorous model derived in Section III, is tested with hourly wage data from various countries. The simulations demonstrate that for U.S.-domiciled MNEs, the value of excess capacity as a percentage of the adjusted present value of cash flows in countries like Germany, the U.K. and Ireland is significant when compared to the fraction of excess capacity to total capacity.  For projects in Canada, the value of excess capacity (flexibility) is less significant because cost increases in the U.S. and Canada seem to be strongly correlated.  This conclusion will clearly affect the investment location (invest in the US or invest abroad) and capacity choice (expand capacity in the US or invest in excess capacity abroad) decisions of US-based MNEs.



Section I introduces a new approach by arguing that having operational flexibility is tantamount to holding a portfolio of real options.  Therefore, a stylized scenario is presented to demonstrate how options pricing techniques can be used to value this type of flexibility.   Section II provides a review of related literatures and shows how this paper departs from previous work.  In Section III  a rigorous method is provided by which the value of operational flexibility can be estimated.  In Section IV simulations are performed based on different parameter values to demonstrate the sensitivity of the value of operational flexibility to various variables, and the significance of the value of real/operational flexibility in different countries.  Section V suggests extensions to this approach, and Section VI posits some implications and concludes.



�Section I



The motivations for valuing operational flexibility is best demnonstrated by two simple examples.  Consider a U.S.-based shoe manufacturer with a global market that has a factory in the U.S. and one in S.E. Asia.  Should the cost of U.S. labor increase substantially because the firm is expected to make mandatory health insurance payments to its workers, management may scale back operations in the U.S. and expand operations abroad.�



Alternatively, consider a car manufacturer that has factories around the world that produces its car engines.  If exchange rate changes make it more expensive to import these engines from Latin America and less expensive to import them from Europe, there may be a significant benefit to redistributing capacity utilization in favor of European locations.  However, these strategies are feasible only if there is excess capacity in the foreign locations, and if the costs of switching are not excessive.  While these examples may seem to be very simplistic, MNEs are aware of the benefits of shifting capacity utilization when faced with increased costs in a particular location.  Management of Black and Decker for example, actively shift capacity utilization when exchange rates change to prevent an erosion of profit margins.��



As the two hypothetical examples and Black and Decker's strategic decisions demonstrate, MNEs gain operational flexibility by diversifying their production locations.  By virtue of their international spread, they, presumably, are able to access immobile inputs in different markets and produce goods at the lowest possible cost.  The existence of these different entities in a host of countries creates a situation where management's evaluation of foreign projects must transcend the static Net Present Value (NPV) rule to incorporate the unique relationship that foreign investments have with existing investments.  This paper  first demonstrates how simple NPV rules that discount expected after-tax cash flows may not capture an essential characteristic of multinational projects.  Once the valuation technique is corrected, a comparison is performed between investing at home and investing in more than one location.



In order for the MNE to be able to switch production from one country to another, the MNE has to be willing to have idle capacity in the desired location.  The problem is structured so that a national firm has experienced an increase in worldwide demand that can only be met by new investment.�  This new investment can be made either at home or in a foreign country.  Assume that capacity expansion is lumpy and hence the firm is forced to invest in excess capacity.  However, the key idea is that management may find it preferable to maintain excess capacity abroad, if input prices or exchange rates are volatile.



Management is expected to maximize the expected value of the firm.  In evaluating domestic investments, management would have ensured that the present discounted value of all future earnings exceeded the cost of investment.  However, if the firm has the opportunity in the future to produce abroad, at lower cost, some output that would have been produced at home, this benefit should be included in the valuation of the foreign project.



Assume that prices are fixed and demand is exogenously determined.  Once the foreign investment is made, the increase in demand will be satisfied by production in the foreign location, and one can value the NPV of this aspect of the investment.�   In addition, the excess capacity abroad allows the firm to consider producing more output abroad if the local currency equivalent of producing abroad� is less than the unit cost of production in the home country.  The firm would not have been afforded this opportunity to lower costs if it had expanded capacity in the original location.



To value this flexibility one must make some assumptions about the volatility and time path of unit costs at home and the local currency equivalent of producing abroad.  The time path of the difference between the two costs is modeled as a Brownian Motion with no drift, to capture the volatile nature of the costs.�  In every future period, management will observe the unit costs and the exchange rates in the two countries and decide whether or not to exercise the option to shift capacity utilization abroad.  The foreign project, in addition to servicing the increase in demand, provides the firm with an option in every period to utilize excess capacity to increase firm value.



If investments in capacity must exceed existing demand, then we are able to show that there is value to maintaining excess capacity in a foreign location.  This value is derived from the fact that the sourcing of inputs has been diversified, and the firm can take advantage of changes in unit costs or exchange rates to lower the total cost of production.  Therefore, a national firm that is considering capacity expansion should invest locally only if NPV (invest locally) > Adjusted NPV (abroad) where Adjusted NPV (abroad) = base NPV (abroad) + Portfolio of real options that allow the firm to lower the total cost of production�.  If we value this portfolio correctly, it should equal the present discounted value of all expected future cost savings, given the stochastic process chosen and the exercise rule stated earlier.



Finally, once the investment valuation rule is modified, one can use the new rule to compare  competing investment locations.  It should be obvious that a correct comparison will involve comparing the Adjusted NPVs of these locations to capture the fact that they will contribute some value to the existing organization by satisfying the increase in demand and, in addition, in the case of a foreign location, through the optimal utilization of the excess capacity.  Section II presents a brief review of related work.



�Section II



This paper is an integration of three related strands of analysis; namely, the literature on the correct valuation of foreign projects, the literature on the flexibility of MNEs, and the emerging literature on the option value of investment, when investment is irreversible.  



Lessard (1978) has shown that NPV analyses, unless correctly done, may ignore the benefits that a foreign project provides.�  When foreign projects are undertaken with subsidized financing and under favorable tax treatment, Lessard (1978) recommends that MNEs calculate an Adjusted Present Value (APV) for that foreign project.  The APV approach posits that different facets of foreign investments like subsidized financing should be discounted at appropriate risk-adjusted discount rates, and that the present value of these subsidies should be added to the present discounted value of the after-tax cash flows.



In addition, Lessard and Paddock (1980), in a paper on the benefits of valuing international projects by components argue that there are three distinct components to a foreign project that can be readily identified.  Projects produce cash flows that are fixed by contract (debt equivalents), respond closely to a set of underlying economic forces (equity equivalents), and “respond non-linearly to changes in some underlying cash flows or asset values” (option equivalents).� Kogut (1985) has emphasized that multinational firms have flexibility which permits them to hedge against the uncertainty over future exchange rates, competitive moves or government policy.�  Baldwin (1986) argues that MNEs have location, timing, technology (flexibility) and growth/staging options, and that management should identify, evaluate and exercise these options in an optimal fashion.  While these papers capture the importance of flexibility of the multinational enterprise, they do not provide a methodology to value these options or show the extent to which traditional NPV analyses may fall short of capturing the true value of a foreign investment opportunity.



An emerging literature attempts to value the option equivalents imbedded in certain domestic investments.�  For example, when future demand is uncertain, shutdown is costless and investment can be postponed, the NPV of investing today should not be taken in isolation, but instead has to be compared to the value of postponing the investment to a later date.  While the option to shutdown is valuable, having the option to postpone investments may cause a firm to consider investing at a later date when the volatility of either demand or costs does not erode expected future profits.



Contingent claims pricing methods have been used by Trigeorgis and Mason (1987) to value managerial flexibility, and by Triantis and Hodder (1990) to value flexible production systems which allow firms to switch their output mix over time.�  Recent work by Kogut and Kulatilaka (1991) integrates the work on flexibility and the option equivalents in foreign investments.  Their paper addresses issues raised in this paper, but their emphasis is on demonstrating how the sequential process of investment overseas affects the evaluation of all investments that take place after the initial foreign direct investment.  They show how the initial investment provides the organization with growth opportunities and then demonstrate the benefit of maintaining operational flexibility when exchange rates are volatile.  While this paper focuses on managing capacity utilization, Kogut and Kulitalaka (1991) model the MNE as producing all of the output in the lowest cost location, and without any capacity constraints.



Projects in several countries provide MNEs with a productive presence in these countries.  When business environments around the world are changing constantly, this diversification of production and/or sourcing of inputs is extremely valuable.  The key contribution of this paper is to focus attention on the correct valuation of foreign projects under these circumstances, and to suggest that simple NPV analyses should be complemented with a valuation of the real options that the foreign entity provides.  Furthermore, the emphasis is that multinational firms do not close plants and move to another location, but instead, are capacity constrained and can only manage capacity utilization at the margin.



In the next section the analysis is formalized by providing a precise model that is based on the discussion above.

�Section III



When faced with input price volatility (in domestic markets) management must decide whether to invest domestically today, wait to invest locally in the future or else invest abroad.  In this section only a method to value expanding capacity at home and foreign investments is presented, and the reader is directed to the Appendix for a discussion on the optimal timing of investment.� 



A simple model is presented below to show how real flexibility can be valued using option pricing theory, and how this should be used in arriving at a correct valuation of a foreign investment opportunity.



Assumptions :



A.1	A firm in country A has capacity to produce x units of output per period from a single factory in country A.  The factory can produce output for an infinite number of periods.

A.2	Demand has increased to x+d  units of output per period and is not expected to increase in the future.� 

A.3	Capacity expansion is lumpy� and the firm can only invest in capacity to produce x more units/period in another factory, either locally, or abroad, say in country B.

A.4	Goal of management is to maximize the value of the firm.

A.5.	Assume that the output is sold on the world market at price p, which is given by the market. (The goal of the firm can now be reduced to cost minimization instead.)

A.6	Wages in country B are fixed and equal to w* in every period, where p >> w*; p - w* = b.�						  

A.7	Wages in country A, wA , fluctuate randomly and wA  may be greater than or less than w*, and greater than or less than the price of output p. 

A.8	Define ( = wA (t) -  w* and assume that variations in ( can be captured by the following stochastic process : 

	d( = swdz 							(1)                    where dz = e(t)(dt)1/2 is the increment on standard Brownian motion.   e(t) has zero mean and unit standard deviation.  E[dz] = 0 and E[(dz)2] = dt.   sw is the instantaneous standard deviation.�

A.9	Assume that the changes in wages have zero beta (uncorrelated with the market portfolio).

A.10 Production technology is such that a single worker produces one unit of output per period i.e. one unit costs wA if produced in A or w* if produced in B.

A.11 There is a sunk cost of investment = I, and investment is irreversible.

A.12 Production can be switched from one factory to another costlessly and with no time lag.

A.13 We will ignore transportation costs, and all tax, tariff and foreign exchange issues. (Refer to A.6 and accompanying footnote)

A.14 The firm is risk-neutral.

A.15 Let r be the real risk-free interest rate and assume that r does not change.�





If the firm expands capacity in country A then its costs in every period are (x+d)wA as long as the unit labor cost is below p.  If  wA exceeds p, the firm may want to shut down, unless it is trying to protect market share.  However, if the firm invests in country B to complement its original investment in A, then costs are equal to min[xwA + dw*, dwA + xw*].  Therefore, a simple NPV analysis to evaluate the investment in B that assumed that the plant in B would produce only one unit of output would underestimate the true value of the foreign investment.  A static NPV analysis might assume that the extra unit of capacity will be left unused at all times, given insufficient demand, whereas the approach presented below takes into account the benefit of maintaining that extra unit of capacity when unit costs in one environment are more volatile than they are in another.



If it is assumed that shutdown is costless and that the firm will not produce output in A when the wage rate in A exceeds the price of output, one can find the value of flexibility.  



Define b = p - w*									(2)

Define wA =  w*+ (								(3)

This implies that p - wA =  b -  (							(4)

Also, from (1),  d( = swdz.



Now the cash flows generated by a national firm = (x+d)(p - wA)+	(5)

where one cane define (p - wA)+ = max[p - wA, 0]				(6)



For simplicity assume that x = 2 and d = 1.�



Therefore, if the firm expands capacity at home, the cash flows generated by a national firm in every period (ignoring time subscripts)

= 3(p - wA)+ =  3(b -  ()+								(5')



since expanding capacity at home will generate additional cash flows 

= (b -  ()+ in every period.							(6')



Define N(() = expected present value of a unit of capacity in the home country. From (6') one know that 

 N (()  =  Et [�EMBED Equation.3���] 					

or  N (()  = � EQ \O( ,j)\O(m,=)\O(a,0)\O(x,/)\O( ,1)  � Et [�EMBED Equation.3���]	

given that ( follows the stochastic process specified in (1).  In the Appendix it is shown that N(() = N(b, (), and under the appropriate boundary, smoothness and continuity conditions 



N(Æ)     =       �EMBED Equation.3���		 when ( < b			(7a)	

	      =    �	         	             when ( >b			(7b)



A brief explanation of (7a) and (7b) is in order.  Let us examine (7a) first.  When ( < b, this implies that  p > wA and the firm is producing the additional unit of output at home.  If the wage in A were never to change the present value of all future earnings = �EMBED Equation.3��� .  However, should the wage in A rise above p, the firm will shutdown and the value of this option = �EMBED Equation.3���.  (7b) states that if the wage in A is higher than p, the firm is not producing output, but has the option to produce the additional unit of output when the wage rate in A falls.  The value of the option to restart production =   �EMBED Equation.3���. 



On the other hand, determining the cash flows generated by a MNE in every period is an interesting problem.  The MNE will produce one unit abroad, produce one in A if the wage in A is below p, and produce the third in the lowest cost location.  This approach allows the MNE to minimize the labor costs of producing three units of output.  One can express these cash flows, ignoring time subscripts, in equation (8a)



Cash Flow for the MNE = (p - wA)+ + b + p - min(wA,w*)			(8a)

= (b -  ()+ + b + p - (w* + min((,0))						(8b)

= 2b +  (b -  ()+ -  min((,0)							(8c)

=  2b +  (b -  ()+ +  max(-(,0)							(8d)



=  2b +  (b -  ()+ +  (-()+								(9)



Notice though, that the incremental cash flows of the foreign project = cash flows (CFs) provided by a MNE less the cash flows that existing investments in the home country will provide.  From (5'), (6') and (9), one finds that the incremental CFs from the foreign project



=  2b +  (b -  ()+ +  (-()+  - 2 (b -  ()+ 						(10a)

=  2b -  (b -  ()+ +  (-()+ 								(10b)



Equation (10b) will be crucial for our calculation of operational flexibility.



To value flexibility one must determine the cash flows associated with using the excess capacity in an optimal fashion.  Therefore, one can take the incremental cash flow of the foreign project, and deduct the cash flows from producing one unit of output abroad.  This calculation provides the cash flows that the foreign project will generate (from the unit of excess capacity) over and above satisfying the increase in demand.  From (10b),  the incremental cash flow provided by the foreign project =  2b -  (b -  ()+ +  (-()+ .  



Therefore, the cash flows associated with flexibility

=  2b -  (b -  ()+ +  (-()+  -  b							(11a)



because b is the guaranteed cash flow produced by the foreign investment from satisfying the unit increase in demand.



Cash flows associated with flexibility = b -  (b -  ()+ +  (-()+ 			(11b)



Define R(()  = value of operational/real flexibility = expected present value of all cash flows that the foreign project generates through the optimal usage of excess capacity.  Then from (11b) one knows that

 

 R(() = Et [�EMBED Equation.3���]		            	(12)

�

A detailed proof is provided in the Appendix, but with appropriate boundary, smoothness and continuity conditions it can be shown that 

R(()  =  � EQ \F(b,r)   �-  N(b, ()  +  N(0, ()



= �EMBED Equation.3���	                         when ( < 0	            (13a)

= �EMBED Equation.3���            		           when 0 ( ( ( b	(13b)

=  �EMBED Equation.3���     			              when (( b		(13c)





These equations can be reduced to the following



=    �EMBED Equation.3��� 				 when ( < 0		(13a)

=    �EMBED Equation.3���	 	           when 0 ( ( ( b	(13b)

=    �EMBED Equation.3���			when (( b		(13c)



Before a detailed interpretation is provided for (13a), (13b) and (13c) one must discuss why there are three regions over which R(() is defined.  The value of flexibility will depend on the value of wA relative to the foreign wage and the price of output.  When  ( < 0, then wA < w* < p.   When 0 ( ( ( b,  w* ( wA ( p, and when ( > b, then wA is greater than p.



A brief explanation is now provided for the value of R(() over the three regions.  From (13a) it can be concluded that when ( < 0, the wage rate at home is less than the wage rate in B, and even though the firm is not using the excess capacity abroad, it has the option to do so in the future.  However, if wA should rise above the price of output, the maximum saving afforded by the foreign investment is = $b in every period.  When  0 ( ( ( b, then the wage in A is above the foreign wage, but below p. We find from (13b) that if the wage in A were never to change the present value of all cost savings provided by excess capacity abroad =�EMBED Equation.3���.  However, if the wage rate in A should fall below the wage rate abroad, the firm will want to switch production back to the home country, and this is a valuable option.  In addition, if the wage rate in A rises above p, the maximum cost saving from producing the third unit of output abroad in every period = $b.  Equation (13c) considers the case where wA is greater than p and the analysis is similar to that described above for equation (13b); namely, that the firm is presently earning $b in every period, and will continue to do so if the wage in A never changes.  However, if wA falls, then the firm would like to change its utilization of capacity depending on how low wA falls.�



From the discussion above it is quite obvious that the value of the foreign investment is more complex than a simple NPV calculation of guaranteed profits.�  Instead, as proposed by Lessard and Paddock (1980), the value of a project is the value of the components that are contractual, non-contractual and those that are like options, and hence the value =

 � EQ \I(t = 0, °, e-rt (p-w*) dt ) �- I  + R(() .							(14)



�Section IV



Section IV is divided into two sub-sections : A and B.  In Section IV A a sensitivity analysis is conducted to determine the impact of various variables on the value of operational flexibility.  This section shows how the investment analysis should be conducted when a foreign investment not only meets increases in demand, but also allows the MNE to produce a bulk of total production at the lowest (worldwide) marginal cost.  It also shows how an exclusion of the value of flexibility can lead to an incorrect rejection of a foreign project. Section IV B extends this analysis to a related problem.  Competing investment opportunities in different countries are compared, including the home country.  Assume that these countries are similar in every respect except that the domestic currency equivalent of unit costs and the volatility of cost savings (degree of correlation of the foreign country with the home country) are different.  In addition to evaluating the investment location decision this paper attempt to show how capacity choice decisions might be impacted when one recognizes that excess capacity is valuable if it is in a foreign location.



Section IV A



The effect of various parameters on the value of the portfolio of options are simulated to determine how R(() is impacted by changes in the interest rate, cost-saving and the volatility of cost-saving. Data that is available for the United States and Germany is used along with arbitrarily select values for p and r to highlight the value of R(() under different conditions.�  To make the illustration more interesting the data for 1989 is utilized since Germany has a higher unit cost than the U.S. (w* > wA).  From Table 2, sw = 1.59 and assume that this measure of volatility is appropriate as of 1989.  Through this process the trade-off that MNEs need to consider between experiencing lower costs of production today versus having access to lower costs of production in the future is highlighted.  The reader is referred to Table 3.



In this simple model, R(() is the value of the extra unit of capacity in the foreign location.  As can be seen from the table above, higher interest rates and lower volatility reduce the value of the portfolio of options.  If the real interest rate is high, then the present value of future cost-saving is low (rows 1-3, column 6).  However, increased volatility in cost-saving raises the value of excess capacity (rows 4-6, column 6).  Values for sw capture the degree to which domestic wages and the dollar equivalent of foreign wages are positively correlated. The higher the sw, the lower the positive correlation, which in turn implies that there is a higher probability that the firm will exercise the option to utilize the extra unit of capacity in the foreign location.  Notice further that in this model, R(() is strictly increasing in ( (rows 7-9, column 6).  As the hourly wage in the U.S. (wUS)  approaches w* (hourly wage in Germany) there is a higher probability that wUS will be greater than w* and that excess capacity in Germany will be utilized by the firm.



Incorporating this valuation of excess capacity into the NPV analysis could change the final decision of the firm.  In a number of instances, a simple NPV analysis would suggest that the investment in Germany was not profitable to domestic and foreign investors.  However, on including the value of R(() in the calculations one has the possibility that the investment could be attractive to a firm domiciled in the U.S. (e.g. rows 6, 8 and 9).  

�Section IV B



In a domestic setting, expectations of increased volatility (higher s) in input prices could lead firms to postpone investment decisions, either of entire plants or of incremental capacity in a plant, as suggested by Pindyck and He (1990).  While higher volatility raises the value of the option to wait, it may also increase the value of the option to invest abroad.  Therefore, a firm with international business could find this situation to be conducive to investing abroad and exploiting the ability to source in the cheapest markets.



Usually when a firm considers a foreign investment to service a global market, it has to decide between a number of sites in different countries. In this section, we compare the value, to a U.S.-based MNE, of investments in Germany, Canada, the U.K. and Ireland in an attempt to show the contribution to firm value of investment sites that have different unit costs (wi) and different volatilities of cost-saving (sw).�  There is an implicit assumption being made that the average wage is the same in the countries.  Table 4 provides summary statistics for the wage data used in these simulations, and from Table 4 the reader will notice that this is not the case.  However, it is demonstrated below that this will not affect the comparative results.



For these comparisons, assume that r = 6%, and p = 15.  For simplicity, first compare the expected present value of the cash flows in all locations and hence set I = 0.  The issue of the cost of investment is addressed later on, as this will affect the NPV of the investments.  Moreover, this paper will try to discuss how investment location decisions are impacted when the cost of expanding capacity in the US is lower than the cost of installing a new plant in a foreign country.



Tables 5A, B, C, D and E compare the value of investments in the above mentioned countries and the US for the years 1985-89.  The difference between an investment in the US and one abroad is that the foreign investment provides two units of capacity, while the investment in the US (essentially) increases total capacity by only one unit.  If one only looks at the foreign countries, then it is clear from Tables 5A-E that the lowest wage country is also the country with the highest adjusted present values (APV).



Two interesting conclusions can be derived from comparing (i) Germany to Canada and (ii) Ireland to the UK.  Comparing the attractiveness of the investments in Germany and Canada (See Table 5B) in 1986, when the hourly wages (in dollars) in the two countries are the same, it is clear that the higher volatility in Germany (1.59 as opposed to 0.64 in Canada) makes the German opportunity more attractive.  This result follows because German hourly wages (in dollars) are less strongly correlated with US hourly wages than Canadian hourly wages (in dollars).  Therefore, investing in Germany provides greater diversification benefits to a US-based MNE than investing in Canada, and will be more valuable especially when the German dollar costs are less than or equal to Canadian costs.



Comparing Ireland and the United Kingdom for the year 1987, once again one derives interesting results.  While the hourly wage in Ireland ($7.79) is less than the hourly wage in the U.K ($7.85), the higher volatility of cost-saving of the U.K.  investment leads to a situation where the investment in the UK has a marginally lower adjusted PV ($162.63) than the Irish investment ($162.74).  This would indicate that the higher costs of production in any one location may not be a sufficient reason for the disqualification of that location, if there are benefits to be captured from diversifying the sourcing of inputs. Moreover, for whatever reason (e.g., relatively similar macro-economic policies), except for 1988, the adjusted present values of producing in Ireland and the UK are extremely close to one another.  Since these two countries present identical investment opportunities (other things equal), in deciding between the two countries one may want to take into consideration the fact that the average dollar-equivalent wage in Ireland is lower than the average dollar-equivalent wage in the U.K.



While the previous analysis suggests that MNEs should diversify across currency areas, rather than within currency areas (Germany vs. Canada), and further may be relatively indifferent between countries in the same currency area (Ireland and UK), the paper has not compared investing abroad to expanding capacity in the US.  As Graph 3 and Tables 5A-E demonstrate, in 1985 and 1986, US-based MNEs might have been willing to pay substantially more to invest in Germany, Ireland and the UK than expand capacity at home.  For example, in 1985, if the sunk cost of expanding capacity in the US = $100 (adjusted NPV = $24.11), a US-based MNE would have found an investment in Germany to be more attractive if the cost of investing in Germany was less than $174 (adjusted NPV = $24.39 if I = $174); and investing in excess capacity in the UK and Ireland to be more attractive if the sunk cost of investing in these countries was less than $200 (adjusted NPV being approximately $33).�  However, the subsequent depreciation of the dollar has led to a sharp increase in the cost of producing in Germany (in dollars) in the last few years, and hence US-based firms will be willing to pay more to invest in only the UK and Ireland.�



One last observation can be made from these tables.  While excess capacity = 25% of total capacity in all locations, the value of excess capacity as a proportion of the adjusted PV varies across the countries.  Including the value of flexibility is more important for projects where the measure of s is high (low degree of correlation with the US), indicating that the company is investing in a diversified input sourcing program. The value of operational flexibility (i.e. the value of excess capacity) is more significant for projects in Germany and the U.K. for U.S.-domiciled MNEs than it may be for projects in Canada.  This result follows because of the high correlation between wages in Canada and the U.S., and hence maintaining excess capacity in Canada may be sub-optimal.



To conclude this section, one can see that it is clear from these comparisons that if the present cost of producing in country B is higher than the present cost of producing in C, the firm is going to invest in B only if sw(wA - wB) is significantly higher than sw(wA - wC).  Therefore, while there is some value to holding excess capacity when firms have operational flexibility, management will invest in a relatively high cost country only if the benefits to diversification of production promise significant cost saving in the future.  Furthermore, for U.S.-based MNEs, maintaining excess capacity in Europe may be more attractive than maintaining excess capacity in Canada, and firms may be willing to pay more to invest in these countries than to expand capacity in the US.



�Section V



The caveats to the model presented above  can be segmented into two categories; namely, those that are specific to the mathematical techniques employed and those that relate to the business environment assumed.



The portfolio of options will take on different values if one assume different stochastic processes.�   In addition, if one is extremely rigid with the selection of the boundary conditions they may be forced to solve for  R(() numerically.  In defense of the methodology used, the model is designed to capture the basic notion of using (and valuing) real options in the valuation of certain projects and hence the allowance for some flexibility in how those options are best valued.



The business environment could be altered to test the generality of the model.  The most restrictive assumption is this specification was that capacity expansion is lumpy.  This need not be the case and hence raises a few issues for discussion.  In the previous section it was demonstrated how adding the extra cost of investing in excess capacity to the Adjusted NPV of the foreign investment would affect the final decision.  This implies that there is a trade-off between holding excess capacity (and gaining the option to switch) and expanding capacity in existing locations to meet demand.  Firms need to question whether maintaining excess capacity is justified by the value of the portfolio of options.  Most firms never attain full capacity utilization and if this is the case then maintaining that excess capacity in a foreign location may be preferred to maintaining excess capacity in another local plant, especially when inputs are immobile.�



The next assumption that is suspect is that demand was chosen to be three units and was not expected to change thereafter.  This assumption can be modified to one where demand is allowed to rise to four units at some time period T in the future.  Now the options will have value from today until time period T, and then will have no value.  Additional extensions to this approach could stem from assuming that demand too is stochastic.  Two variations are possible : (a) a perfectly competitive environment where the price of output is stochastic and the firm has to decide how much to supply the market at that price (e.g., the chemical industry); (b) a monopolist facing a stochastic world demand curve.  These two situations present a setting where choosing optimal capacity becomes a key decision, in addition to decisions on the location and timing of the investment. 



It was also assumed that production could be switched costlessly from one plant to another.  With an extremely long horizon, and very low switching costs, one might find that further into the horizon, the expected switching cost could approach zero.�   Alternatively, one could assume that there is some fixed switching cost “s” that must be incurred to switch from country A to B or vice-versa.  This would obviously reduce the value of the options, and will affect the optimal exercise rule that was used in the model.



A related assumption that begs scrutiny was that production could be switched from one country to another the moment the firm realizes that the wage rate in one country is higher than the wage rate in the other.  On occasion, the company will be restrained from doing so by wage contracts and other factors.  This delay greatly reduces the value of the options, because by the time the firm is ready to exercise the option to switch production, the option might not be in the money or as valuable.�



Two other assumptions that are worthy of discussion are: factors of production (inputs) are immobile and that no tariffs or taxes exist.  Essentially, one market  imperfection (immobility) is used  and all others are assumed away.  As long as a situation exists where the markets for the input in the two countries are separated by some exogenous condition (tariffs, different tax policies etc.) valuing these options may prove to be a fruitful exercise.



There are other issues that may need to be examined that were not explicitly addressed by the assumptions.  It was implicitly assumed that managers in each of the locations would be compensated by enlightened management in the parent company who would recognize their efforts to maximize the global optimum.  Issues relating to management compensation may make the task of shifting capacity utilization a little more difficult than modeled in this paper.  Extending the model to include some of the above may be warranted to get more realistic values for the options.  The trade-off is that one may need more complex mathematical techniques and then closed-form solutions are not guaranteed.  Finally, this model is designed to be illustrative rather than specific and hence a relatively simple methodology was chosen to value flexibility.



�Section VI



Implications



On a macro-policy level, countries that wish to encourage investment, either from domestic or foreign investors could extract the message that stability is desirable.  The models suggest the increased volatility in factor markets and/or exchange rates increase the value of the option to postpone investment or else invest abroad.�  Recent attempts by the European Community to integrate labor markets and align exchange rates will reduce the cost differentials between producing in any two member countries.  Therefore, firms that have manufacturing facilities dispersed around Europe may find that the value of excess capacity may be greatly diminished.  On the other hand, firms positioned to treat the European market as one market may reap the economies of scale of producing in one location.  Here the key to optimal decision making will hinge on the definition of markets that will be truly independent so as to provide a cost differential.



An additional implication is for the correct valuation of MNEs by stock markets.  While present wisdom indicates that the value of the firm is the present discounted value of all future cash flows, this analysis suggests that the value of intangibles, like flexibility, should be included.�  Are MNEs consistently undervalued by capital markets because transactors do not incorporate the value of flexibility?  That is an empirical question that is beyond the scope of this paper, but could provide additional avenues for research.



�Conclusions



MNEs or else firms considering multinationality should be careful to recognize that an investments in more than one country or in a different business environments are valuable when costs conditions are changing, because of the flexibility that these investments create for the entire multinational system.  This paper demonstrated how excess capacity should be valued when MNEs can shift capacity utilization to the most favorable cost location.  The value of the flexibility depends critically on the volatility (i.e.degree of correlation of the host and home country) in input markets and exchange rates and quite obviously, the greater the volatility (lower the degree of correlation) in these areas, the greater the value to being multinational.  Finally, the paper shows how static NPV rules should be modified and that  for US-domiciled MNEs,  maintaining excess capacity in Europe is more valuable than maintaining excess capacity in Canada.  Moreover, under certain conditions US-based MNEs might be willing to pay more to invest in excess capacity abroad than to expand capacity in the US.



�Appendix I - Data for Tables 1 and 2



Hourly Wages in Manufacturing - Local Currency

����������Year�Canada�France�Germany�Ireland�Mexico�Spain�U.K.�U.S.������������1990�14.3��20.07�5.33�3848��5.383�10.84��1989�13.54�36.7�19.1�5.1�3220�780�4.916�10.49��1988�12.84�35.35�18.33�4.9�2215�735�4.541�10.19��1987�12.24�34.35�17.53�4.7�1213�678�4.227�9.91��1986�11.95�33.28�16.8�4.5�327�620�3.961�9.73��1985�11.59�31.56�16.2�4.2�314�564�3.706�9.54��1984�11.16�28.86�15.49�3.9�235�514�3.43�9.19��1983�10.59�26.7�15.14�3.52�149�457�3.205�8.83��1982�10.25�23.97�14.64�3.17�101�399�2.977�8.49��1981�9.17�20.72�13.92�2.77�63�346�2.934�7.99��1980�8.19�18.46�13.18�2.32�39.02�285�2.664�7.27��1979�7.44�16.04�12.36�2.01�31.88�242�2.275�6.7��1978�6.84�14.2�11.73�1.7�28.16�198�1.949�6.17��1977�6.38�12.58�11.14�1.47�25.56�155�1.687�5.68��1976�5.76�11.11�10.35�1.262�22.16�135.97�1.559�5.22��1975�5.06�9.82�9.69�1.099�15.44�104.73�1.399�4.83��1974�4.37�8.39�8.94�0.83�13.8�78.82�1.116�4.42��1973�3.85�7.05�8.03�0.688�10.64�62.48�0.929�4.09��1972�3.54�5.82�7.24�0.559�8.68�52.2�0.821�3.82��1971�3.28�5.18�6.66�0.491�7.94�44.81�0.72�3.57��1970�3.01�4.66�5.96�0.424�7.32�39.47�0.644�3.36��1969�2.79�4.21�5.28�0.36�6.82�34.69�0.559�3.19��1968�2.58�3.79�4.79��6.33�31.16��3.01������������Average�7.86�17.85�12.29�2.51�517.77�298.06�2.53�6.81��Std. Dev.�3.90�11.61�4.66�1.75�1080.6�254.42�1.50�2.71������������













This data is taken from the Yearbook of Labor Statistics.  Hourly wages in manufacturing = earnings per hour, which is pre-tax, includes overtime, but does not include employer contributions for social security etc.

�

End of Year Exchange Rate (LC/$)





Year�Canada�France�Germany�Ireland�Mexico�Spain�U.K.��������������������1989�1.1578�5.794�1.6952�0.64475�2637�109.7�0.62391��1988�1.1918�6.1332�1.7975�0.6714�2263�113.6�0.5571��1987�1.3048�5.513�1.5983�0.603�2198.5�108.85�0.5388��1986�1.3805�6.425�1.94�0.7148�923�131.88�0.6771��1985�1.3988�7.56�2.465�0.806�369.4�154.3�0.6951��1984�1.323�9.6995�3.17�1.016�191.88�174.85�0.873��1983�1.248�8.517�2.786�0.8978�144.37�156.63�0.706��1982�1.2295�6.6565�2.3485�0.7075�95.00�124.8�0.615��1981�1.1817�5.7275�2.2625�0.6353�25.98�97.55�0.526��1980�1.1778�4.54�1.959�0.527�23.07�79.215�0.4188��1979�1.1652�4.01925�1.7155�0.4287�22.82�66.04�0.4485��1978�1.1884�4.2425�1.85125�0.4973�22.72�70.425�0.4969��1977�1.0921�4.6205�2.0655�0.5067�22.66�80.09�0.5067��1976�1.002�4.9307�2.3492�0.5839�19.975�68.24�0.5839��1975�1.0121�4.4425�2.598�0.4916�12.4906�59.535�0.4916�����������Average e�1.20�5.92�2.17�0.65�598.12�106.38�0.58��Std. Dev. e�0.12�1.65�0.45�0.16�948.70�36.49�0.12�����������

�Appendix II - Determining the value of R(() and N(()



d( = swdz 										(1)                    

where dz = e(t)(dt)1/2 is the increment on standard Brownian motion.   e(t) has zero mean and unit standard deviation.  E[dz] = 0 and E[(dz)2] = dt.   sw is the instantaneous standard deviation.



If the firm expands capacity in country A then its costs in every period are (x+d)wA as long as the unit labor cost is below p.  If  wA exceeds p, the firm may want to shut down, unless it is trying to protect market share.  However, if the firm invests in country B to complement its original investment in A, then costs are equal to min[xwA + dw*, dwA + xw*].  Therefore, a simple NPV analysis to evaluate the investment in B that assumed that the plant in B would produce only one unit of output would underestimate the true value of the foreign investment. A static NPV analysis might assume that the extra unit of capacity will be left unused at all times, given insufficient demand, whereas the approach presented below takes into account the benefit of maintaining that extra unit of capacity when unit costs in one environment are more volatile than they are in another.



If one assumes that shutdown is costless and that the firm will not produce output in A when the wage rate in A exceeds the price of output, one can find the value of flexibility.  



Define b = p - w*									(2)

Define wA =  w*+ (								(3)

This implies that p - wA =  b -  (							(4)



Now the cash flows generated by a national firm = (x+d)(p - wA)+	(5)

where one defines (p - wA)+ = max[p - wA, 0]					(6)



For simplicity assume that x = 2 and d = 1.



Therefore , if the firm expands capacity at home, the cash flows generated by a national firm in every period (ignoring time subscripts)

= 3(p - wA)+ =  3(b -  ()+		= (x+d)(b -  ()+				(7a)

since expanding capacity at home will generate additional cash flows 

= (b -  ()+ in every period (= d(b -  ()+).						(7b)



On the other hand, the cash flows generated by a MNE in every period (ignoring time subscripts)

= (p - wA)+ + b + p - min(wA,w*)							(8a)

= (b -  ()+ + b + p - (w* + min((,0))						(8b)

= 2b +  (b -  ()+ -  min((,0)							(8c)

=  2b +  (b -  ()+ +  max(-(,0)							(8d)

=  2b +  (b -  ()+ +  (-()+								(9)



[Alternatively, = xb + d(b -  ()+ +  (x - d)( -  ()+]



Notice though that the incremental cash flows of the foreign project = cash flows provided by a MNE less the cash flows that existing investments in the home country will provide.  From (7a), (7b) and (9), incremental cash flows

=  2b +  (b -  ()+ +  (-()+  - 2 (b -  ()+ 						(10a)

=  2b -  (b -  ()+ +  (-()+ 								(10b)

[Alternatively, = xb - (x - d)(b -  ()+ +  (x - d)( -  ()+]





Equation (10b) will be crucial for our calculation of operational flexibility.





The expected value of the MNE is the expected discounted value of future cash flows.  Therefore define M(() = Value of the MNE.  From (9)



		            	

M(()  = = Et [�EMBED Equation.3���]			(11)



Define N(b, ()  = Et [�EMBED Equation.3���]			(12)

or  N (b, ()  = � EQ \O( ,j)\O(m,=)\O(a,0)\O(x,/)\O( ,1)  �= Et [�EMBED Equation.3���]	

Given that ( follows the stochastic process specified in (1), the Bellman equation for the value of the portfolio of options N(b, ()  is

rN =� EQ \O( ,j)\O(m,=)\O(a,0)\O(x,/)\O( ,1) � { j(b - () + � EQ \F(1,dt)  �Et dN } 		      				             (13)

By Ito’s Lemma dN = N’d( + � EQ \F(1,2)  �N’’ (d() 2    					(14)

where the prime denotes the derivative with respect to (b-().   Substituting for d(, 



dN =  sw N’dz+ � EQ \F(1,2)  �sw2 N’’dt							(15)

Plugging (15) into (13),

rN =� EQ \O( ,j)\O(m,=)\O(a,0)\O(x,/)\O( ,1) � { j(b - () + � EQ \F(1,2)  �sw2 N’’  }		 				(16)



Maximizing with respect to j : set j = 1 if (b - () > 0 ( produce the unit of output) and set j = 0 (do not produce the unit of output) otherwise.



One need to solve

 � EQ \F(1,2)  �sw2 N’’ - rN + j(b - () = 0 subject to the following conditions:		(17)



N(() = 0 										(18a) 

�EMBED Equation.3���									(18b)

N(( = b+) = N(( = b-) 								(19a)	

N’(( = b+) = N’(( = b-) 								(19b)



where the prime denotes the derivative w.r.t. b - (.

Condition (18b) states that when  ( = - (, wages at home are substantially below wages abroad, and the firm will the earn p-wA in every period. (18a) is included because as wA  becomes very large, the probability that the firm produces output at home goes to zero.   (19a) and (19b ) are the smoothness and continuity conditions.



Therefore 







N (b, ()    =       �EMBED Equation.3���                	when ( < b			(20a)		

	    	    = 	 �EMBED Equation.3���		             when ( >b			(20b)

				 

where g2 = � EQ \F(2r, sw2)   �, and e is the base for the natural logarithm.



From the continuity conditions one finds that a1 = a2 = � EQ \F(1,2rg)  �.			(21)



[N'(( = 0+) = N'(( = 0-) => -gae-(g  + � EQ \F(1,r)   �= gae(g     => 2ag = � EQ \F(1,r)   �which is solved for a]



N(b, ()     =        �EMBED Equation.3���		 when (  < b			(22a)	

	    = 	    �EMBED Equation.3���	         	             when (  >b			(22b)



Define N(() = expected value of a unit of capacity in the home country. From (7b) and (12), N(() = N(b, (), which is given by (22a) and (22b).



A brief explanation of (22a) and (22b) is in order.  Let us examine (22a) first.  When (  < b, this implies that  p > wA and the firm is producing output at home.  If the wage in A were never to change the present value of all earnings = �EMBED Equation.3���.  However, should the wage in A rise above p, the firm will shutdown and the value of this option = �EMBED Equation.3���.  (22b) states that if the wage in A is higher than p, the firm is not producing output, but has the option to produce output when the wage rate in A falls.  The value of the option to restart production =  �EMBED Equation.3���. 



One can conclude from (7a) that the expected value of the national firm is = 3N(() = (x+d)N(().





What is Et [�EMBED Equation.3���]?					(23)

This is nothing but N(b, (), where b = 0.

Under the usual boundary, smoothness and continuity conditions, it can be shown from the work above that  

N(0, Æ) 

	    =        �EMBED Equation.3���		 when ( < 0			(24a)

	    = 	�EMBED Equation.3���			when ( > 0			(24b)



From (11), define M(() = Expected value of the MNE, and 

 M(() = Et [�EMBED Equation.3���]

	= � EQ \F(2b,r)   �+  N(b, ()  +  N(0, ()



Using the results derived in (22a), (22b), (24a) and (24b) one can show that M(() 





= �EMBED Equation.3��� 	 when ( < 0		(25a)

= �EMBED Equation.3���		  when 0 ( ( (  b	(25b)

=  �EMBED Equation.3���				when (( b		(25c)



�These can be rewritten as

= �EMBED Equation.3��� 	 when ( < 0		(25a)

= �EMBED Equation.3���		  when 0 ( ( (  b	(25b)

=  �EMBED Equation.3���				when (( b		(25c)





A brief explanation of what the above equations imply is provided below.  Consider (25a).  When  ( < 0, the wage rate in A is less than the wage rate in B, and the firm is producing two units of output at home (= �EMBED Equation.3���) and one in the foreign location (=  � EQ \F(b, r)  �), with the option to produce two units abroad if the wage rate at home rises above the wage rate abroad, and the option to not produce at all in A if the wage in A rises above p.  For (25b), consider the region where the wage at home is higher than the wage abroad, but below the price of output.  Now, the firm is producing two units in the foreign location, and one at home, but it has the option to switch or shutdown production at home.   (25c) examines the case where wA > p, and now the MNE is  producing two units of output (= � EQ \F(b,r) �) abroad, but has the option to restart domestic production.



To value flexibility determine the incremental cash flow of the foreign project, and deduct the cash flows from producing one unit of output abroad.  This calculation provides the firm with the cash flows that the foreign project would generated over and above satisfying the increase in demand.  From (10b), the incremental cash flow provided by the foreign project  =  2b -  (b -  ()+ +  (-()+ .  Therefore the CFs associated with flexibility

=  2b -  (b -  ()+ +  (-()+  - b							(26)



because b is the guaranteed cash flow produced by the foreign investment from satisfying the unit increase in demand.

[Alternatively, = xb - (x - d)(b -  ()+ +  (x - d)( -  ()+ - db

= (x - d)b - (x - d)(b -  ()+ +  (x - d)( -  ()+ ]



Define R(()  = value of flexibility = expected present value of all cash flows that the foreign project generates through the optimal usage of excess capacity. Then from (26)  

R(() = Et [�EMBED Equation.3���]		            	 (27)

Once again, with appropriate boundary, smoothness and continuity conditions it can be shown that R(() =  � EQ \F(b,r)   �- N(b, ()  + N(0, ()

�

= �EMBED Equation.3��� 	 when ( < 0		(28a)

= �EMBED Equation.3���		  when 0 ( ( (  b	(28b)

=  �EMBED Equation.3���				when (( b		(28c)







These equations can be reduced to the following



= �EMBED Equation.3��� 	 			when ( < 0		(28a)

= �EMBED Equation.3���		  when 0 ( ( (  b	(28b)

=  �EMBED Equation.3���				when (( b		(28c)



The interpretations for (28a), (28b) and (28c) are very similar to those detailed above with respect to equations (25a), (25b) and (25c).  From (28a) it can be concluded that when ( < 0, the wage rate at home is less than the wage rate in B, and even though the firm is not using the excess capacity abroad, it has the option to do so in the future.  However, if wA should rise above the price of output, the maximum saving afforded by the foreign investment is = b in every period.  When  0 ( ( (  b, then the wage in A is above the foreign wage and below p. From (28b), it can be concluded that if the wage in A were never to change the present value of all cost savings provided by excess capacity abroad =�EMBED Equation.3���.  However, if the wage rate in A should fall below the wage rate abroad, the firm will want to switch production back to the home country, and this is a valuable option.  In addition, if the wage rate in A rises above p, the maximum cost saving from producing the third unit of output abroad in every period = b.  Equation (28c) considers the case where wA is greater than p and the analysis is similar to that described above for equation (28b).

�

Appendix III



Suppose it was assumed that the wages in country A and country B were stochastic.  How would the valuation of flexibility and that of the MNE be affected ? 



Define ( =  (wA  - wB)								(1)

Assume that dwA  = sAdz and that dwB  = sBdz				(2)

Then d( = d(wA  - wB) =  sdz							(3)

because the difference between two Brownian Motions is a Brownian Motion, if the joint distribution is Brownian.

Define bt = p - wB(t)

The cash flows generated by a MNE in every period (ignoring time subscripts)

= (p - wA)+ + (p - wB)+  + p - min(wA,wB)					(4a)

= (p - wA)+ + (p - wB)+  + (p - wB)+   - min(-(t ,0)				(4b)

=  2 (bt)+  + (p - wA)+  - min(-(t ,0)						             (4c)



which is clearly different from the assumption made in Appendix III, because bt is not fixed in every period.  This is a difficult model to solve, and it is clear that if one allows wages in country B to be stochastic then this in turn will affect the cash flows associated with flexibility.  However, one can treat the value of flexibility derived in Appendix III as a first approximation for the value of flexibility when wages in both countries are stochastic.  

�Appendix IV



An interesting extension to the work presented above is to attempt to draw implications for firms about the optimal timing and optimal location of investment.  The questions a firm must consider is not only whether to invest today versus invest tomorrow, but also whether to invest at home or abroad.



Pindyck (1991) demonstrates how a firm should value the option to invest when investment is irreversible and in other work (Pindyck (1988)) presents a methodology for valuing incremental capacity.  The critical idea is that when demand is stochastic, the firm has the option in every period to decide whether or not to use a unit of capacity.  The firm acquires this portfolio of options when it invests in a unit of capacity.  However, the key decision for the firm is the investment decision i.e. whether it should pay a sunk cost to acquire that unit of capacity today or else wait till some future period.  From his work he is able to show that in the presence of stochastic demand firms may postpone investment rather than invest today.



The work to follow attempts to show how the option to invest might be valued for a domestic firm when investment is irreversible, marginal costs are stochastic and the price of output is fixed.  From Appendix II, the value of expanding capacity at home today = N(()



N(()    = �EMBED Equation.3���						when (>0	(1a)



	= �EMBED Equation.3���							when (<0	(1b)

				           



What is option to invest ?



The firm can either invest today by paying $I (a sunk cost) and acquire a project of value N((), or else wait until some future period.



Let F(() = option to invest in country A.



F(() = max Et [ (NT - I) e-rT] 							(2)

where T = time period when the firm decides to make the investment.



The corresponding Bellman equation is

rF = � EQ \F(1,dt)  �Et dF										(3)

By Ito’s Lemma dF = F’d( + � EQ \F(1,2)  �F’’ (d() 2    					(4)

where the prime denotes the derivative with respect to ( .   Substituting for d(, 



dF =  s F’dz+ � EQ \F(1,2)  �sp2 F’’dt								(5)

Plugging (5) into (3), one needs to solve for F.

rF = � EQ \F(1,2)  �sp2 F’’  subject to the following conditions				(6)

F(( = -() = 0									(7a)

F(�EMBED Equation.3���) = N(�EMBED Equation.3���) - I									(7b)

F( (�EMBED Equation.3���) = N( (�EMBED Equation.3���) 									(7c)

where (= optimal value for ( at which you will exercise.



A solution to the above is

			

F(()			= ne(g			when ( < �EMBED Equation.3���			(8a)

			= N(�EMBED Equation.3���) - I			when ( > �EMBED Equation.3���			(8b)









where n =  �EMBED Equation.3���  and �EMBED Equation.3��� is the solution to			(9)

 �EMBED Equation.3���								(10a)

Rewriting (10a), �EMBED Equation.3��� is the solution to g�EMBED Equation.3���+  e-�EMBED Equation.3���g   = Irg + 1. 			(10b)



If one attempts to extend this analysis to an optimal investment timing problem they will find that while greater volatility makes a unit of capacity more valuable because of the option to shut down, increased volatility also has the characteristic of making the option to wait more valuable.  Since the volatility of domestic costs in the U.S (1.91) is greater than the measure of volatility of cost savings of countries like Germany, Canada and U.S. hourly wages are below those of Germany and Canada, U.S. firms will exercise the option to wait rather than acquire the factory today.�



Therefore, it is suggested that management of firms that operate in the global economy, that are considering increases in capacity expansion, be cognizant of not only domestic business conditions, but also opportunities that foreign locations provide to increase firm value.  As shown in this Appendix, embedded options in investments at home and abroad clearly affect investment timing and location decisions and hence must be valued carefully. 
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�   Uncertainty exists for individual models which then translates into uncertainty about aggregate demand.

�   See Kogut (1983).

�  This flexibility is called “mix-flexibility.”

� Muralidhar (1992b) demonstrates how MNEs may value the financial flexibility of shifting profits to the most favorable country in the face of tax regime volatility. 

�   A similar example would be  Zenith's movement of manufacturing operations to Mexico from its operations in Illinois, because of lower labor costs in Mexico.

�   See Supplement to Corporate Finance,  June 1990, page 23.

�   Table 1 provides information on hourly wages in manufacturing (in $) for countries in Europe and the American subcontinent.  Graphs 1 and 1A plot the data.  Refer to Appendix I for the data used to derive Table 1.

�   Alternatively, one can structure the problem such that the firm is replacing existing capacity and has to decide between expanding capacity in existing locations and investing in capacity in new locations.

�   This is a relatively simple calculation.  Call this base NPV (abroad) 

=  � EQ \I(t = 0, T, (p-w*) q e-rt dt ) �- I  where p = price, w* = marginal cost,  q = quantity, and I = sunk cost of investment.

�   Local currency equivalent = Unit costs abroad*exchange rate.

�   Refer to Graph 2 for a plot of the difference between hourly wages in the US and Canada, and in the US and Germany (1975-89).  Data for this graph is provided in Table 2.

� A similar argument is made in Muralidhar (1992b) for financial flexibility.

�   See also Levi (Chapter 15), and Lessard and Shapiro (1983).

�   page 11.

�   page 27.

�   Pindyck (1988) provides a review of this literature and Brealey and Myers (4th edition)- Ch. 21  outlines a few situations where options pricing theory is useful for valuing certain aspects of real investments.

�   This type of flexibility had been referred to as "mix flexibility."

�  Once it is shown how to correctly value foreign projects,  this result is combined with the results of Pindyck (1988) to discuss the optimal timing of investments.  See Appendix.

�   For example, one could assume that a car manufacturer has to manufacture a fixed number of car engines and is considering distributing manufacturing facilities around the world.  I thank Prof. Myers for this example.

�   This assumption will be addressed later in the paper.

�   This paper  ignores modeling all issues arising from exchange rate fluctuations for simplicity, but this is not an egregious assumption.  One could consider the home currency equivalent of the foreign unit labor cost = w*, where w* = wBe (e = exchange rate).

�   This definition does not preclude the possibility that wages in country B can fluctuate, but for the sake of simplifying the discussion assume that w* remains unchanged.

�   Another business climate that one can consider is where the aggregate demand of the firm is split 50-50 between the foreign and home markets.  The decision for the firm is whether to invest all its capacity in one location; invest in both countries, but use each facility to satisfy local demand; and invest in both countries and use both factories to ensure the global optimum.

�   In Appendix II the cash flows are expressed in terms of x and d and the results are shown when one substitutes for their values assumed above.

�   If one had chosen to let the maximum cost-saving be unbounded, rather than bounded by b, they would have overstated the value of operational flexibility.  This is similar to a binomial distribution, and in such a situation 

R(() = Et�EMBED Equation.3���]                                                                      	

�   If one wanted to compare the value of a national firm to one that is multinational, they would compare 3N(() (adjusted PV of producing 3 units at home) to M(() (where M(() is the value of a MNE, and this is derived in the Appendix), ignoring the costs of investment.  It would be interesting to see the conditions under which being multinational is preferred to being national i.e., the values of (, and s for which this would be true.

�   While the valuation technique in the previous section was based on real rates and real wages, in this analysis nominal variables are used.  Values for Germany and the US were selected from Tables 1 and 2.

�   This comparison is a first approximation because it had been assumed in the model that the foreign environment was static.  Therefore, to be exact one must use the measure of volatility that is derived from wages in the U.S (sus).  However, this is compensated by using  the values of sw from Table 2 for each of the countries, rather than using sus as the measure of volatility for all countries.  If sus were used as the measure of volatility of cost-saving for all the countries, the comparison would be meaningless, but valuing flexibility would still be possible for the individual countries.

�    The wage in the US = $9.54; UK = $5.33; and Ireland = $5.21.

�   From Table 5E, in 1989, the difference between the adjusted present value of investing in the UK (or Ireland) and the US is $55.  Therefore, a US-based MNE will invest in capacity in the UK and/or Ireland only if the cost of investing abroad is at most $50 more than expanding capacity in the US.

�   Three processes that present themselves for selection include Brownian Motion with Drift, Mean Reverting Process and the Poisson Process.  Each of these captures an interesting facet of wage rates.  For example, the Poisson Process is best suited to mimic  jumps/discontinuities in wA, and further these may allow for a comparison between the mean values of the variables.  However, with these processes analytical solutions are not guaranteed, and numerical solutions may be necessary.  One way to extend this analysis would be to perform Monte Carlo simulations to determine  whether the value is derived from the underlying stochastic process or else from having operational flexibility.

�   See McRae (1990).  Also, Kogut (1985), p.33 suggests that the loss in economies of scale should be less than the sum of the option to shift production and the cost of holding excess capacity.

�   I would like to thank Prof. Myers for pointing this out to me.

�   Once again Kogut (1985) argues that the value of flexibility depends on the ability of the firm to capitalize on differences in marginal costs when exchange rates fluctuate, and that some measure of industrial relations be included in the valuation.

�  Refer to Appendix and Pindyck (1988).

�  Refer to Brealey and Myers - Principles of Corporate Finance - Chapter 21 for a description of some of the other intangibles that should be included in firm value.

�   In 1985, when the dollar appreciated significantly, US firms might have found it preferable to invest in countries like Germany, UK and Ireland, rather than wait to invest at home.  On the other hand, in low wage countries like Mexico or Thailand, the direct cost advantage may clearly offset any benefit to waiting to invest at home.  In these low cost countries, U.S. based MNEs will find it advantageous to invest abroad today, rather than wait to invest at home.
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