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ABSTRACT: The 2000s have become the "Decade of the Global Warming."  

Several case studies of social-political-marketing efforts have been published; 

however, few attempts have been made to move beyond the reporting of case 

studies toward the development of a general understanding of Macro-Marketing. 

Many areas of Ecological-Marketing address important aspects of marketing 

behavior, such as the relationship and interaction between business and 

government.  In addition, an accumulation of benefits to neither government nor 

industry at the societal level is in evident. Guided by the concepts of parallel-

political marketplace, this article adopts an Ecological-Marketing paradigm as a 

framework to explain the interaction among businesses, government and other 

stakeholders toward a currently reformed green policy. The distinctive reform 

elected here is known as a business-government sponsored voluntary policy as a 

regulatory alternative. This offers a marketing approach to replace traditional 

mandatory regulation. The conceptual framework is developed, validated and 

offered for use in future research in ecological marketing area. 

 

INTRODUCTION  

 

Recently, President Obama has offered a new alternative green policy that 

would limit and put a price on greenhouse gas pollution. The president has called on 

Congress to pass comprehensive energy legislation that includes a market based cap 

on carbon emissions that would transition the nation to a clean energy economy and 

create green jobs. New legislation, currently being considered by the House, would 

mostly pre-empt the agency from regulating greenhouse gases under existing law. 

The bill may also help mitigate some of the costs to businesses by distributing some 

of the permits for free. The president do understand that there are costs to the 

economy of  addressing global warming emissions, and that the best way to address 

them is through a gradual move to a market-based program like Bubble policy as 

well as cap and trade.                                                                                                                                                

 

Both business and government are coming to the same conclusion: 

environmental protection is not an optional; it is an essential part of the complex 

process of doing business. Global concern about protecting the environment 

fostered regulatory reforms and a growing variety of specific legislation favoring 

environmentally friendly marketing. Recently, EPA has favored the replacement of 

government regulatory programs with an innovative marketing-based policy known 
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as the voluntary program. The voluntary policy of regulatory alternatives for 

industry is compatible with the concept of ecological marketing, a term used to 

identify marketing that takes into consideration the environmental consequences of 

its actions. Unfortunately, U.S. environmental policy has been dominated by the 

"market failure" paradigm - the belief among businesses that environment problems 

are caused by the failure of the market to provide the right signals. Despite the 

increasing importance of voluntary reaction to green policies, scholarly inquiry on 

the topic has been hampered in two ways. First, the literature suggests that only a 

relatively small proportion of industrial firms react to the green voluntary policies. 

Second, very little academic research has attempted to explain the interactive role 

played between government and business in an ecological as well as political 

setting. Thus, this paper introduces a model of interaction roles between business 

and government. After describing the concept of [1] social exchange, [2] macro-

ecological marketing, and [3] parallel-political and marketplace as frameworks for 

examining the interactive roles towards the environmental market-based policy, the 

paper presents an interactive role model and the implications of the model are 

discussed. Also, recommendations and future research suggestions are provided. 

 

RELATED CONCEPTUAL FRAMEWORKS  

 

Social Exchange Concept:  In the light of broadening the Exchange paradigm, 

Marketing exchanges involve intangible and symbolic aspects among more than 

two interactive parties. The paradigm has three distinct categories that range roughly 

from the behavior of two actors to complex relationships among many actors. The 

complex chain of exchange is defined as an open-ended sequence of direct 

exchanges, while traditional marketing studies involve relatively closed sequences 

of relationships. Exchange paradigm relates to the dyadic relationship between 

buyer and seller. By studying the "marketing center, it is possible to gain an 

understanding of the buying-selling process as a group activity. It is important to 

understand marketing activities in terms of a group rather than an individual 

decision process. Consequently, the "dyadic" and "system" approach are the focus 

of attention.  A dynamic model expands the transactional interactive character of the 

buying process to include buyer-seller interactions and interdependencies. Thus, this 

dyadic model not only focuses on the selling firms as an influence, stimulus, or 

component of the buying firm's environment, but it also focuses on relational 

variables that connect the firms and individuals. A dyadic approach requires the 

smallest unit of analysis to be a socially meaningful unit; that is, the unit should be 

comprised of two parties. Fundamentally, the focus is on exchange, "reciprocal 

influence" as opposed to "exogenous influence" and an emphasis on "mutual 

problem solving." Several factors require an examination of the interaction between 

buyer and seller from a Macro-Marketing perspective. Among those factors, the 

participation of public and private organizations is reflected to some degree in the 

exchange of ideas. The social externalities that emerge from those exchange 

relationships should be examined (Apaiwongse 2007a).     
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Macro-Ecological Marketing Concept:  The concept relates to the study of the 

positive and negative aspects of marketing activities on pollution, energy depletion, 

and nonenergy resources depletion. Ecological Marketing, a subdiscipline of macro 

and social marketing, can be considered a marketing strategy for the environmental 

crisis. The concept is distinguished from other macro-marketing not because it 

offers a totally different set of tools and techniques, but because its overall 

orientation to solve ecological problems is different from those legal-regulatory 

approaches most commonly employed in the private and public sectors. The 

concept embodies two ideas: (1) the marketing effort of a profit-making entity; or, 

(2) the marketing effort, typically a communication effort, either educational or 

promotional, of a nonprofit entity. It is the marketing effort on behalf of selling or 

marketing ideas whose positive ecological attributes constitute an appeal for the 

buyer which tends to result in a profit-making entity. It can be viewed as an 

approach to create a plan for air pollution control that draws upon different concepts 

from the marketing field, and attempts to gain industries' voluntary cooperation by 

sensing and satisfying their needs. The approach is aimed at eliciting voluntary 

action through the exchange process. It also provides an understanding of how 

government and business need to strike a better balance in the division of 

responsibility for the management of social externalities (Polonsky 2005).  

 

Parallel-Political Marketplace Concept:  The concept is viewed as "political 

ecology of marketing" and "political economy network." It offers a framework to 

understand the exchange relationships that span both economic and political 

domains. Inevitably, marketers assume significant roles in both economic and 

political marketplaces. The more marketers try to influence government decisions 

and the more cooperative activities have manifest political consequences, the more 

likely the marketer is to be recognized as a political actor (Newman 2002). The 

concept incorporates a consideration of the economic and sociopolitical forces 

affecting not only the marketing channel memberôs dyad but also the regulatory 

body dyad found to exist in the political market place.  In the context of the political 

marketplace, exchange involves any activity between two or more organizations 

that has actual or expected consequences for the realization of their respective goals. 

While economic implications are applied to exchange relationships in the parallel-

political marketplace, the dominant focus is on the political and legal features of 

exchange. The focal values of political exchanges are related to the benefits and 

costs derived from interacting with authority. Thus, political market transactions 

center on exchanges involving information, authority and social legitimacy, rather 

than the exchange of products and monetary resources. The outcome of this 

exchange process depends on the bargaining, negotiation, and sources of conflict 

between parties.   

         

 The concept shows a potential use of political action in combination with 

economic incentive by government to intervene in the marketing decision process 

and, in turn, affect voluntary response among businesses. A variety of theories and 

frameworks has been advanced which explore the interface between marketing and 
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political action. Some center on the role of government as a regulator, while others 

explore the government as a marketer (Apaiwongse 2007a). In turn, there are 

discussions of marketing practitioners as political actors.  However, relatively little 

attention has been given to the inherent polity and economy as an exchange within 

and around markets in the context of an environmental setting. Conceptually, the 

parallel-political marketplace framework aggregates exchange activities from a 

societal perspective, and the exchange identifies the dyadic interaction between 

buyer and seller.  There has been, however, little attention to defining "exchange" in 

the voluntary interaction. More recently, an effort has begun to explore the 

voluntary exchange between industrial firms and regulatory agencies from the 

ecological marketing standpoint (Apaiwongse 2007b). 

 

POLITICAL MARKETERS' ROLES  

 

Clearly, the advancement of the political marketplace concept is 

enhanced by the green-voluntary policy. Viewing the policy as an economic 

incentive in a marketplace, the author looks at the green policy as a commodity 

being exchanged between political marketers (as applied to business and 

government), who can be characterized as buyers and sellers, or vice versa. 

Exchanges occur when there are regulatory transactions, on the selling of 

regulatory ideas and information for policy reaction (buying). Additionally, the 

means of the exchange can be seen as ideas from submitted proposals by firms 

and approval of proposals by government agencies, the EPAs. The buying 

function represents the submission of a proposal by a firm, and the selling 

function represents the approval of the proposal by the EPA. The commodities 

being sold and bought consist of the final submission of a green policy proposal 

by business to government. Thus, business plays dual marketing roles as a buyer 

for policy information or ideas and as a seller of a green proposal. Government 

attempts to sell information or policy to business, and therefore plays the role of 

a seller. It later attempts to approve the business policy proposal, thus playing the 

role of a buyer.   

 

Business and Government as Marketing-Political Centers: Marketing 

centers can be characterized as buyers and those buying decisions often are made 

by committees or buying centers whose members typically represent different 

departments. Grounded by the concept of the parallel-political marketplace, this 

article defines a marketing center as a dual-dyadic center whose members' roles 

are that of both buyer and seller. In the context of the political marketing 

interface between business and government, the author calls the dual buying 

selling role-players "market-politicians." Market politicians here is characterized 

as an influencer and opinion leader who has more detailed information and 

expertise or knowledge about the green policy as well as its alternatives. They 

also voluntarily discuss and require from regulatory agencies policy information 

related to the submission of a green proposal. Thus, the "market-political centers" 

are groups of officials in a company who explore the alternatives available in the 
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effort to keep air emissions within the limits set by government regulators. This 

center is a formal or informal cross-departmental decision unit in which the 

objective is the decision to submit a voluntary-policy proposal to the EPA. These 

centers respond to the green policy and submit a green proposal to their 

respective EPA offices.  

 

Roles Played Toward the Voluntary Policy:  Ecological-Marketing 

paradigm amounts to a policy that is more flexible and viable than policies based 

on increased regulation of business. Economists are inclined to favor a 

government policy that makes greater use of free-market mechanisms, than to 

favor policies that utilize direct controls as a solution to air pollution problems. 

The voluntary approach to pollution abatement would be a step toward making 

pollution control more profitable for industrial firms. A recent effort has begun to 

explore the voluntary exchange between industrial firms and regulatory agencies 

from the Ecological Marketing standpoint. But there has been little attention to 

defining "exchange" in the voluntary interaction. Conceptually, Ecological 

Marketing aggregates exchange activities from a societal perspective, and the 

exchange identifies the dyadic interaction between buyer and seller (Hackett 

2006). Expanding the concept of Ecological Marketing to recognize that 

government may be cast in the seller role as a more active environmental 

educator of business is a valid approach. The role of government as regulator is 

played down and is replaced by the role of seller. A broadened interpretation of 

this concept would have government aggressively direct at industry a persuasive 

communication aimed at increasing the preference for and adoption of the 

voluntary policy. 

 

Apaiwongse (2007a) identifies several factors needed for an examination 

of the interaction between buyer and seller from a macro-marketing perspective.  

Among those factors, Apaiwongse clearly indicates that the participation of 

public and private organizations is reflected to some degree in the exchange of 

ideas.  The social externalities that emerge from these exchange relationships 

should be examined.  Thus, if the ability to deal directly with the government is 

unequally distributed among buyers who play a role as political actors, this may 

lead to a change in the power among them.  Also, an increasing tendency to deal 

directly with government and legislators may be seen as attempts to get control 

over some parts of the task environment.  In the context of interface between 

government and business, neither command-and-control nor the market-incentive 

approach is appropriate to every situation. The current forces of the political 

system always choose the command-and-control response, regardless of whether 

that response fits the problem (Apaiwongse, 2008). The command-and-control 

intervention has been applied significantly in the areas of environmental control.  

The power of economic incentives is seen as a key factor in fostering the steadily 

improving efficiency of business firms about trying to reduce environmental 

damages.  The relationships between government and business can be compared 

to the buyer-seller relationships. The buyer-seller relationships in marketplace 
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have substantial advantages as a form of social organization. In the first place, 

relationships in the market are a form of unanimous-consent arrangement. When 

dealing with each other in a buy-sell transaction, individuals can act voluntarily 

on the basis of mutual advantage. The expansion of the role of choice takes on 

added importance in the transaction. Clearly, the market-based approach can 

supplant current command-and-control techniques.  Not much thought, however, 

have been devoted to dynamic strategies that, step-by-step, mesh a dwindling 

reliance on regulations with a cautiously expanding use of market instruments.  

Apaiwongse (2007b) introduces a basic proposition which underlines an 

identification and analysis of market failure.  He indicates that "to be an efficient 

instrument in society, a private market must be so organized that buyers and 

sellers realize all the benefits and pay all the costs of each transactions."  In other 

words, the price paid by the buyer and costs incurred by the seller must reflect 

the full value and the full cost of that transaction not only to them, but to society 

as a whole. 

 

A CASE STUDY FOR AN EPA GREEN VOLUNTARY POLICY  

 

Both ecological marketing and parallel-political marketplace concepts 

are integral to the framework devised here. The emerging new concept views 

voluntary exchange between business and government as the foundation 

underlying for the present study (Koren et. al., 2003).  One specific existing 

policy known as the "Bubble" combines regulatory market strategies with 

voluntary alternatives as an economic incentive to motivate industries to 

accelerate pollution reduction. Under the Clean Air Act, the EPA is responsible 

for assuring that each state enforces the air pollution level standards. The 

approach adopted in state implementation plans has been to specify exact limits 

on the amount of pollutants that might be discharged by each emission source in 

industrial plants. The Bubble concept instead sets overall limits on pollutants for 

an entire plant, allowing business to determine the most appropriate mix of 

controls on the emission sources within the plant. A company could then be 

innovative in altering the pollution rates of the emission sites in the plant as long 

as the air pollution through the stack meets EPA requirements. In principle, the 

Bubble approach allows substantial savings to industry without relaxing 

mandated reductions in air pollution. Yet the Bubble policy manifests its own 

problems. For instance, complaints among industrial firms show evidence of the 

restrictive Bubble policy and the EPA's immobilizing bureaucracy. Certainly, the 

perception among industrial firms toward this regulatory uncertainty will 

influence their policy decisions. The EPA's innovative "Bubble" policy brings 

flexible Ecological Marketing to the control of air pollution. In fact, the Bubble 

policy exemplifies the exchange relationship between industrial firms and 

regulatory agencies as a key factor in achieving a specific marketing goal. 

Because the Bubble concept is a voluntary alternative which relies upon 

economic incentives, the roles that both the EPA and industrial firms play in this 

ecological market is that of buyer and seller, respectively. The means of the 
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market exchange are the submitted proposals by firms, and proposal approvals of 

emission rates by the EPA. The selling function represents the submission of 

Bubble proposals by firms, and the buying function represents the approval of the 

Bubble proposals by the EPA. 

 

 

EXHIBIT A :  EPA Marketing and Political Exchange Paradigm 
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the government policy should contribute an appeal (or economic incentive) for 

buying firms to adopt a new idea (or government policy).  This approach to 

pollution abatement would be a step toward making pollution control profitable 

for industry. The industrial buyer's self-interest would be put to work in favor of 

pollution reduction.  The amounts to a government policy that is more flexible, 

free, and viable than government policies based on either taxes or subsidies or on 

increased regulation of business. The market transaction or exchange system, 

moreover, cannot be an efficient method of organizing government and business 

activity unless both participants understand the full costs (which includes 

uncertainty and information costs) and the benefits of the buying and selling 

activity. From the Exhibit A, the exchange stresses the importance of 

relationships between a social group (as applied to industrial buying-center) as a 

key factor for the achievement of a specific goal (i.e., to maintain the air 

pollution level at the lowest cost or the highest economic incentive). The 

adaption of the subsystem (or buying-center) to its task environment relates 

directly to the system's efficiency and responsiveness. Furthermore, the actions of 

all internal subsystems (as applied to members of the buying-center) must be 

coordinated to prevent conflict, to maintain efficiency, and to encourage work 

effectiveness within the system (buying-center). 

 

RECOMMENDATIONS AND FUTURE DIRECTIONS  

 

Ecological Marketing is an important area for both business and 

government. Policy makers should redefine the areas where regulation can make 

a positive contribution to Ecological Marketing issues and where competitive 

mechanisms should be left alone to work the problems through. Ecological 

Marketing is also important to consumers for they will receive the end result of 

the business and government response. To serve the common good, regulatory 

agencies try to manage more rationally key negative externalities of the society. 

Such management is usually done through sanction controls--as in the case of 

environmental pollution.  As public antipathy to regulations of all kinds increases 

agencies like the U.S. Environmental Protection Agency may see their traditional 

roles as sanction controllers diminish and their roles as educators and marketers 

increases. Actually, government and business need to strike a better balance in 

the decision of responsibility for the management of social externalities. The two 

institutions should become more equal partners in this task. The spirit of such a 

partnership is embodied in a policy that places less emphasis on the regulation of 

business and consumer by the public sector and more emphasis on the enterprise 

function of the private sector. This is the same spirit that guides ecological 

marketing, a social marketing subdiscipline that addresses externalities 

associated with the problems of environmental pollution and resource wastage.  

 

Recommendation 1 - Marketing Actorôs Role Played by Business: 

Pollution is most efficiently controlled by business marketing centers, not 

political actors or centralized regulators, and market actors should be free to find 
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the best ways to achieve high environmental standard goals. Command-and-

control regulations -- which require regulators to determine exactly which 

technologies and manufacturing methods are to be adopted for pollution control 

in every single facility in the nation -- place an informational burden on public 

officials that is impossible to meet in the real world. Every facility is different. 

Every air- and water-shed has different carrying capacities for different 

pollutants. Of necessity, centralized regulators must issue one-size-fits-all 

standards since there simply isn't enough manpower or expertise to carefully 

weigh and mandate the most efficient technologies and manufacturing processes 

for each plant in each pollution shed. Orthodox environmentalists remain 

suspicious of performance-based regulations. If businessmen are profit 

maximizes, they will find efficient and imaginative ways to meet environmental 

objectives at the lowest possible cost, as though "led by an invisible hand" to 

promote an ultimate end of environmental protection. Individual plant managers 

are better equipped to discover the most efficient ways to control pollution at 

their facilities than are EPA technicians and consultants. That is not only because 

those managers have more direct knowledge of their facilities and the technology 

of production but also because competition forces cost minimization, and even 

the most dedicated EPA official isn't searching for new solutions to pollution 

control problems. Businesses would face strong incentives to reduce pollution to 

the extent possible, innovate to discover cheaper and more efficient practices and 

technologies make prior contract with potentially affected parties, and locate 

operations where the least amount of environmental harm would be done. The 

current regulatory regime has not proven particularly effective at achieving any 

of those desirable goals.  

 

Recommendation 2 ï Marketing-Political Actor Role Played by Public 

Citizen and Constituency: Privatizing the environmental commons is preferable 

to socializing it. Guided by the parallel political market economy concept, the 

marketplace is not an inanimate object to be manipulated by regulatory 

engineers; it is instead shorthand for the arena in which people are free to make 

mutually beneficial transactions. "Regulating the economy" is government 

doublespeak for lawmakers. Perhaps the best and most creative means to use 

markets to protect the environment, then, is to allow individual Americans to 

establish environmental standards. Pollution should be thought of as a product 

trespass: the disposal of one's garbage or waste on the property of another. The 

fundamental premise of environmentalism is that it is the legislature's role to 

determine to what extent such trespass should be allowed, and it is the executive 

branch's job to enforce those limitations on trespass. The assumption of modern 

environmentalism is that "environmental" property is public property, and the 

trespass that occurs is a trespass against society as a whole. Accordingly, 

remedies for those trespasses are matter of political -- not private -- concern.  

Environmental resources can be owned by private parties. An alternative 

environmental paradigm would hold that, if pollution is essentially a trespass 

upon private property, the private property owner, not governmental agents, 



Journal of Business and Behavioral Sciences 

14 

 

should determine what is or is not acceptable and under what circumstances such 

trespass is to be allowed. While making "creative" use of marketsô role to achieve 

environmental ends is better than the governmentôs roles of command and 

control alternative, perhaps the community roles, not self-aggrandizing 

politicians, might be more effective. 

 

Recommendation 3 ï Political Actor Role Played by Government 

Agencies:  The political terrain is defined almost entirely by the premises of the 

orthodox environmental community. They maintain that ecological resources are 

by definition public commons that must be centrally planned and stewarded by 

bureaucratic agents. Moreover, central planners must have not only nearly 

complete veto power over private actions that might affect the environment; they 

also must be empowered to stipulate how much pollution is acceptable and 

exactly how each business is to go about controlling emissions. The inescapable 

differences between millions of pollution sinks, environmental carrying 

capacities, and manufacturing processes are inevitably blurred and "averaged" in 

one-size-fits-all regulations that -- while not always efficient or environmentally 

optimal -- at least have the virtue of requiring fewer than a million regulators. 

The need for environmental regulatory reform is hard to ignore. The role played 

by the federal government has been extensively criticized and caused more 

environmental damage than all the actors in the free market. The federal 

government subsidizes environmental destruction on the one hand while 

establishing laws, regulations, and vast bureaucracies to mitigate it on the other. 

Reconsidering those subsidies would help not only the environment but the 

economy as well. One way, then, to make creative use of the market to control 

pollution is to simply not tamper or otherwise interfere with it. 

 

Future directions to the understanding of the application of the 

Ecological-Marketing paradigm to the industrial market should focus on an 

examination of the interface between government and business from a societal 

perspective. The key variable in the relationship between government agencies 

and business organization is the degree of uncertainty on government regulation 

which firms exhibit. Several factors need further examination of the interaction 

between buyer and seller from a macro-marketing perspective. Among those 

factors, the participation of public and private organizations is reflected to some 

degree in the exchange of ideas. The social externalities that emerge from these 

exchange relationships should be examined. Furthermore, various governmental 

agencies and legislators are evidently influencing the power relations between 

buyers and sellers. Additionally, an increasing tendency among large 

organizations to negotiate directly with the government has to be observed. Thus, 

if the ability to deal directly with the government is unequally distributed among 

buyers who play a role as political actors, it may lead to a change in the power 

among these buyers. Also, an increasing tendency to deal directly with 

government and legislators may be seen as attempts to get control over some 

parts of the task environment. In the context of interfacing between government 
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and business, the nature of growth of the government intervention should be 

looked at from a macro-marketing and societal perspective. Neither command-

and-control nor the market-incentive approach is appropriate to every situation. 

The current forces of the political system almost always choose the command-

and-control response, regardless of whether that response fits the problem.  

Clearly, the market-based approach can supplant current command-and-control 

techniques. Not much thought, however, have been devoted to dynamic strategies 

that, step-by-step, mesh a dwindling reliance on regulations with a cautiously 

expanding use of market instruments. Future research should concentrate on 

specific environmental concerns of consumers and related behavior to these 

specific concerns. Additionally, the reasons for the resistance to take action 

should be investigated. The factor which may motivate both those concerned and 

those unconcerned to take more frequent and positive action also need 

investigation. More research is necessary to guide program development intended 

to stimulate environmentally friendly behavior on the part of consumers, business 

and government agencies. 

 

IMPLICATIONS AND CONCLUSIONS  

 

The study has several managerial and public policy implications. The 

establishment of performance standards by EPA leads to the concept of 

Ecological Marketing. Innovative regulatory techniques inspired by the 

marketplace could generate alternatives, such as the Bubble, to supplement the 

"command and control" form of pollution regulation. Moreover, government 

policy-makers, realizing that market-like instruments could supplant command-

and-control techniques, would also realize that such a policy would achieve more 

effective cooperation from industrial firms in maintaining emission standards and 

a greater stimulation of industry's social responsibility. Market and market-based 

approaches to the cleanup of air pollution, in an inexpensive, flexible, and 

efficient manner is a part of the new policy. 

   

The perceptions about benefits and costs of regulatory alternatives 

should encourage the adoption of voluntary alternatives. One reason for this 

would be that marketers would compare a specific government regulation with 

voluntary alternatives and opt for the latter. Marketers would examine the 

benefits and costs of different voluntary alternatives and trade- offs would take 

place. Policy maker might assist marketers in their decisions to adopt the 

voluntary alternatives by reducing the non-monetary costs. These costs include 

frustrations, the unpredictability of the results of proposal submissions, 

government bureaucracy, and delay. On the other hand, marketers would benefit 

from the effect of information in reducing uncertainty. These advantages are 

compatible with the principle that a market transaction canôt be efficient unless 

both the seller (here selling centers) and the buyer (here the regulatory agencies) 

understand the full costs and benefits associated with the transactions they 
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undertake. 

 

To make the voluntary alternatives proposal more advantageous to all 

would require that policy makers utilize communication strategies that would 

encourage the acceptance of this proposal by marketing firms. This is necessary 

because the rapid development of voluntary alternatives may cause a 

communication void between government regulators and the marketers. The 

diffusion involves two steps: an initiation phase and an implementation phase. 

The initiation begins with the marketers becoming aware of the innovative 

voluntary alternative and its potential for maintaining the air pollution standards 

at the least cost. This phase includes the development of a favorable attitude 

toward the innovation. This is followed by an implementation stage in which 

marketing members search for the necessary information prior to their submitting 

a policy proposal to the government. Progress through these stages is partly 

determined by the amount and the quality of the information received by the 

members from the government. On its part, policy makers should recognize the 

regulatory uncertainty -- the conflicts, confusions, inconsistencies and 

impracticality involving federal and state laws concerning environmental 

standards. This uncertainty results in a marketer's unwillingness to adopt the 

innovative regulatory alternatives and in the increase of related operating and 

investment risks. The policy makers should apply accepted communication skills 

in their contact with marketing executives during the entire process. The quality 

of such communication may be measured by the capacity of the information to 

reduce the uncertainty among the industrial marketers. The quality of 

communication would include the degree of credibility that the government 

agency is able to develop over time in the minds of the marketers.  

 

One means of developing communication channels could involve the 

establishment of forums for various marketing centers to express their views on 

new regulatory alternatives. These forums could provide a means for continuing 

and productive interchange between government and business that would help 

them arrive at mutually reinforcing policies and actions. The problems created by 

government intervention in private enterprise would be alleviated in 

environmental policy, moreover, by improving the information flow among EPA 

agencies. Both policy makers and business would realize that open channels of 

communication, as well as mutual trust and understanding between them, are 

essential. Without such understanding and trust, innovative public policies for 

adoption decisions are less likely to be responsive to the real issues at hand and 

may be exceedingly difficult to implement. 
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ABSTRACT: Using risk adjusted event study methodology, this study tests 

ñhowò and ñwhenò public announcements of forward and reverse stock splits 

affect stock price.  Stock split announcement samples include 38 two for one, 39 

three for two, and 10 reverse splits. A total of 36,714 observations for the 

announcement samples and the corresponding S&P 500 stock index were 

analyzed using standard risk adjusted event study methodology.  Results suggest 

that the firmsô public stock split announcements did not affect stock price on the 

announcement day.  Rather, for the two for one and three for two forward split 

samples, stock price exhibited a significant positive reaction up to 27 days prior 

to the announcement. Likewise, the market reaction to the two forward split 

samples was not different suggesting that the size of the split is insignificant.  For 

the reverse split sample, stock price exhibited a significant negative reaction up 

to 30 days prior to the announcement.  Results support the semi- strong form 

efficient market hypothesis since stock prices adjust so fast to public information 

that no investor can earn an above normal return by trading on the announcement 

day.  Investors greet the forward stock split announcement with a positive sign, 

whereas they view reverse splits as bad news.  Management may be using stock 

splits to adjust stock price to a more marketable range, downward with forward 

and upward for reverse splits.  Evidence here suggests signs of insider trading 

activity up to thirty days prior to the announcement of the stock split. 

    
INTRODUCTION  

 

The purpose of this study is to test whether the investor can make an 

above normal return by relying on public information impounded in a stock split 

announcement. Stock split announcements have always been very common 

phenomena among firms and continue to be one of the least understood topics in 

finance.  A forward stock split increases the number of outstanding shares of a 

company while decreasing the price per share. The two for one split is most 

common. For example a company with 500 shares at $10 per share will issue 500 

additional shares bringing the total to 1000 shares theoretically dropping the 

stock price to $5 per share.  A stock split usually takes place after an increase in 

the price of the stock, and it carries a positive stock price reaction. (Asquith) This 

phenomenon has not yet been fully understood, regardless the numerous studies 

in the field. 
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The purpose of this event study is to test market efficiency theory by 

analyzing the impact of three samples of stock split announcements on the firmôs 

stock price risk adjusted return.  Stock split announcement samples include 38 

two for one, 39 three for two, and 10 reverse splits. Specifically, how fast does 

the market price of the firmsô stock react to the samples of regular and reverse 

stock split announcements examined?   The study tests whether the investor can 

make an above normal return by relying on public information imbedded in a 

stock split announcement, as well as if stock price is affected by a stock split 

announcement. Also, the study seeks to determine if the marketôs reaction is 

influenced by the size of the forward split, two for one vs. three for two.  Overall, 

the study investigates whether acting on public information is enough to earn an 

abnormal return, or if there must be an illegal action such as inside trading to be 

able to ñoutperformò the stock market. Research shows that the market is semi-

strong form efficient suggesting that an above normal return can only be gained 

from inside information. 
 

BACKGROUND AND LITERATURE REVIEW  

 
Barker (1956) presented one of the most popular theories to explain 

stock split behavior.  Although Barkerôs findings failed to consider the split 

action itself, the study concluded that price changes occurred because of the 

increase in cash dividends and not from the split action (Johnson). According to 

the ñsignaling hypothesisò, managers use stock split announcements to convey 

positive information about the firm (Ikenberry, Rankine, and Strice). Investors 

see a stock split announcement as a positive thing, whereas a reverse split does 

not convey favorable information.  Fama (1969) suggests that the stock market is 

ñefficientò, meaning that stock prices adjust very fast to new information. The 

theory of market efficiency is concerned with whether prices reflect all the 

publicly available information or not (Fama, 1970).  Efficiency implies that it is 

impossible for the investor to earn an above normal return from public 

information. 

 

Fama defined market efficiency in terms of how quick the stock market 

reacts to the information and suggested three kinds of market efficiency: weak 

form, semi-strong form, and strong form efficiency. If the market is weak form 

efficient, then stock price reacts so fast to all past information that no investor 

can earn an above normal return higher than the return on the S&P 500 index. 

This study shows that investors can not earn an above normal return by acting on 

public stock split announcements, suggesting that investors having access to 

inside information do make an abnormal return.  
 

The semi-strong efficient market hypothesis states that stock price reacts 

so fast to all public information that no investor can earn an above normal return 

by acting on this type of information (Fama,1970). Splits usually result in high 

market valuations, but the study done by Fama (1970) found that there is no 
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evidence of abnormal return after the release of public information. They 

concluded that the market assimilates and takes into consideration public 

information very fast, within 5 to 15 minutes after the disclosure (Malkiel). This 

supports the idea that an investor acting on public information will not earn an 

above normal return. When this happens the market is said to be semi-strong 

form efficient. If the market is strong form efficient, then stock price reacts so 

fast to all information (both public and private), that no investor can earn an 

above normal return by acting on this kind of information.  Apparently, profit can 

only be gained by having access to private or inside information, which is illegal. 

Fama presents evidence that the market is not strong form efficient and that the 

semi-strong form definition is more accurate. 
 

This study findings support the semi strong form efficient market 

hypothesis or that stock prices reacted so fast to public announcements of stock 

splits examined here that no investor can earn an above normal return on this 

type of information. If an investor buys shares on the announcement day of the 

stock split, according to semi strong market efficiency, the investor was unable to 

earn an above normal return, because stock price has already adjusted.  

Therefore, the only way to outperform the market in this case suggests the use of 

inside information.  Likewise, the market reaction to the two forward split 

samples was not different suggesting that the size of the split is insignificant. 

 

METHODOLOGY   
 

      This study includes three samples:  38 companies that announced a two 

for one stock split between December 1, 2006 and May 14, 2007; 39 companies 

with a three for two split between August 23, 2006 and May 15, 2007; and 10 

firms that announced reverse splits between August 27, 2003 and September 15, 

2008. The reverse split sample consists of all reverse split announcements 

available on the data base for the time period.  These companies trade their stock 

in either the NYSE or NASDAQ.  The data for this study was collected from 

http://finance.yahoo.com/. The announcement date (Day 0) is the day that the 

stock splits are announced. Returns of sample firmsô stock and of the 

corresponding S&P 500 index were also computed. 

 

This study uses the standard risk adjusted event study methodology from 

the finance literature. The announcement date (day 0), obtained from 

http://finance.yahoo.com/, is the date of the firmôs announcement of the stock 

split. The required historical financial data, i.e. the firmôs stock price and 

S&P500 index during the event study period was also obtained at 

http://finance.yahoo.com/.  The historical stock prices of the sample companies, 

and S&P 500 index, for the event study duration of -180 to +30 days (with day ï

30 to day +30 defined as the event period and day 0 the announcement date) were 

obtained. Then, holding period returns of the companies (R) and the 

corresponding  S&P 500 index (Rm) for each day in this study period were 
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calculated using the following formula:  Current daily return = (current day close 

price ï previous day close price)/previous day close price.  
 

A regression analysis was performed using the actual daily returns of 

each company (dependent variable) and the corresponding S&P 500 daily return 

(independent variable) over the pre-event period (day ï180 to ï31 or period prior 

to the event period of day ï30 to day +30) to obtain the intercept alpha and the 

standardized beta coefficient for each firm.  For this study, in order to get the 

normal expected returns, the risk-adjusted method or market model was used.  

The expected return for each stock, for each day of the event period from day -30 

to day +30, was calculated as: E(R) = alpha + Beta (Rm), where Rm is the return 

on the market as measured by the S&P 500 index.  Then, the excess return (ER) 

was calculated as:  ER = the Actual Return (R) ï Expected Return E(R).  

Average excess returns (AER) were calculated for each day from -30 to +30 by 

averaging the excess returns for all the firms for given day or AER = Sum of 

excess return for given day / n, where n = number of firms in the respective 

sample.  Cumulative AER (or CAER) was calculated by adding the AERs for 

each day from -30 to +30.  Graphs of AER and CAER plotted against the event 

period (day -30 to day +30) for each of the three samples are shown below.    

 

To test for semi-strong market efficiency the following null and 

alternative hypotheses are used for the three stock split samples: 
 

H10: The risk adjusted return of the stock price of the sample of firms 

announcing stock splits is not significantly affected by this type of information 

on the announcement date. 
 

H11: The risk adjusted return of the stock price of the sample of firms 

announcing stock splits is significantly positively or negatively affected by this 

type of information on the announcement date. 
 

H20: The risk adjusted return of the stock price of the sample of firms 

announcing stock splits is not significantly affected by this type of information 

around the announcement date as defined by the event period. 
 

H21: The risk adjusted return of the stock price of the sample of firms 

announcing stock splits is significantly positively or negatively affected around 

the announcement date as defined by the event period. 
 

H30: The reaction of the risk adjusted return of the stock price of the sample of 

firms announcing two for one stock splits is not significantly different from the 

reaction of the risk adjusted return of the stock price of the sample of firms 

announcing three for two stock splits. 
 

H31: The reaction of the risk adjusted return of the stock price of the sample of 

firms announcing two for one stock splits is significantly different from the 

reaction of the risk adjusted return of the stock price of the sample of firms 

announcing three for two stock splits. 



Journal of Business and Behavioral Sciences 

22 

 

QUANTITATIVE TESTS AND RESULTS  
 

      Did the market react to the announcements of regular two for one, the 

regular three for two, and the reverse stock splits?  If so, was the reaction to the 

two for one split sample significantly different from the three for two forward 

split announcements. Was the information surrounding the event significant? 

Aôpriori, one would expect there to be a significant difference in the actual 

average daily returns (day -30 to day +30) and the expected average daily returns 

(day -30 to day +30) if the information surrounding the event impounds new, 

significant information on the market price of the firms' stock.  If a significant 

risk adjusted difference is observed, then we support our hypothesis that this type 

of information did in fact significantly either increase or decrease stock price.  To 

statistically test for a difference in the actual daily average returns and the 

expected daily average returns over the event period day -30 to day +30, we 

conducted a paired sample t-test for the three samples and found a significant 

difference at the 5% level between actual average daily returns and the risk 

adjusted expected average daily returns.  Average excess return (AER) graphs are 

shown below.  Results here for the three stock split samples support the alternate 

hypothesis H21, or the risk adjusted return of the stock price of the sample of 

firms announcing stock splits is significantly affected around the announcement 

date as defined by the event period.  This finding supports the significance of the 

information around the event since the marketôs reaction was observed.  

 

Is it possible to isolate and observe the samplesô daily response to the 

announcement from day -30 to day +30?  If so, at what level of efficiency did the 

market respond to the information and what are the implications for market 

efficiency?  Another purpose of this analysis was to test the efficiency of the 

market in reacting to the three samples of stock split announcements.  

Specifically, do we observe weak, semi-strong, or strong form market efficiency 

as defined by Fama (1970) in the efficient market hypothesis? The key in the 

analysis is to determine if the AER and CAER are significantly different from 

zero or that there is a visible graphical or statistical relationship between time and 

either AER or CAER.  T-tests of AER and CAER both tested different from zero 

at the 5% level of significance for all samples.  Likewise, observation of the 

following CAER Charts (graphs of CAER from day ï30 to day +30 for each 

sample) confirm the significant positive reaction of the risk adjusted returns for 

the two forward split samples up to 27 days before the announcement and a 

significant negative reaction for the reverse split sample up to 30 days prior to the 

stock split announcement.   

 

Results here for the three samples tested support H10, or the risk 

adjusted return of the stock price of the sample of firms announcing stock splits 

is not significantly affected by this type of information on the announcement 

date.  Likewise, the observed market reaction is not different between the two for 

one and the three for two forward split samples.  Therefore, the size of the split 
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appears to have no impact on the degree of the positive reaction.  Results support 

H30, or the reaction of the risk adjusted return of the stock price of the sample of 

firms announcing two for one stock splits is not significantly different from the 

reaction of the risk adjusted return of the stock price of the sample of firms 

announcing three for two stock splits. 

 

Two for one stock split announcements: 
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Three for two split announcement: 
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Reverse split announcement: 

  

 
 

 
 

 

Observation of the CAER graphs against time for two for one and three 

for two stock split announcements shows an indifferent positive reaction twenty 

seven days prior to the announcement date.  Reverse splits are normally done for 

stocks with unusually low market prices in an effort to raise stock price to a more 
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appealing level (Lawson).  Also, reverse splits might be used in order to reduce 

the number of outstanding shares of the company.  As an example, a 1-10 reverse 

stock split reduces the investorôs shares from 10 to 1, and increases stock price 

accordingly. In the reverse split case, the CAER graph suggests that return falls 

from day -30 until day -15, and then increase until day 10. After day 10 the stock 

starts to level off. This appears to support an overreaction to the news, a quite 

common observation in the challenge to market efficiency literature. 

 

CAER graphs for the two for one and three for two stock splits show 

how excess return rises up to 27 days prior to the announcement day. From Day 0 

until Day 30 stock returns start to level off. This evidence supports H10 stating 

that stock price is not affected by this type of information on the announcement 

date. The stock return has already been adjusted before the stock split 

announcement is made. The investor cannot outperform the market by using this 

type of public information. After the announcement day, from days 6 to 16 the 

return goes up, again suggesting an overreaction after which stock price 

decreases and levels off. The CAER graphs support the idea that the market is 

semi- strong form efficient. For the samples analyzed, the public stock split 

announcements analyzed here do not affect stock price on the announcement day. 

Reaction is observed from 27 to 30 days prior to the announcement date which 

suggests that to be able to ñoutperformò the market you must act on inside 

information. 

 

SUMMARY AND CONCLUSIONS  

 

The purpose of this study was to test whether the investor can make an 

above normal return by relying on public information impounded in a stock split 

announcement. Using risk adjusted event study methodology, this study tests 

ñhowò and ñwhenò public announcements of forward and reverse stock splits 

affect stock price.  Stock split announcement samples include 38 two for one, 39 

three for two, and 10 reverse splits. A total of 36,714 observations for the 

announcement samples and the corresponding S&P 500 stock index were 

analyzed using standard risk adjusted event study methodology.  Results suggest 

that the firmsô public stock split announcements did not affect stock price on the 

announcement day.  Rather, for the two for one and three for two forward split 

samples, stock price exhibited a significant positive reaction up to 27 days prior 

to the announcement. Likewise, the observed market reaction is not different 

between the two for one and the three for two forward split samples.  Therefore, 

the size of the split appears to have no impact on the degree of the positive 

reaction.  For the reverse split sample, stock price exhibited a significant negative 

reaction up to 30 days prior to the announcement.  Results support the semi- 

strong form efficient market hypothesis since stock prices adjust so fast to public 

information that no investor can earn an above normal return by trading on the 

announcement day.  Investors indifferently greet the two forward stock split 

announcement samples with a positive sign, whereas they view reverse splits as 
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bad news.  Management may be using stock splits to adjust stock price to a more 

marketable range, downward with forward and upward for reverse splits.  Results 

here suggest that management may not be able to influence the degree of the 

marketôs reaction by adjusting the size of the split.  Evidence here also suggests 

signs of insider trading activity up to twenty-seven and thirty days prior to the 

forward and reverse split announcements, respectively. 
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ABSTRACT:  In capital budgeting decisions theoretical superiority of the net 

present value (NPV) criterion is based on the assumptions of perfect and efficient 

markets, certainty of project life, no capital rationing, etc. Most of these 

assumptions are not true in practice. The NPV criterion ensures profitability but 

not liquidity. Much maligned payback period (PP) criterion emphasizes liquidity 

but not profitability. Discounted payback period (DPP) rule however meets both 

these and most of the characteristics of an ideal decision rule. Almost all 

textbooks in financial management discuss the DPP but coverage is inadequate, 

incorrect or incomplete. This paper presents the basics of the DPP criterion and 

extends it further by 1) examining its properties in detail  2) comparing the DPP 

with other capital budgeting rules 3) deriving formulae for computing the DPP 

under different pattern of cash flow and nature of discounting; and 4) the most 

important extension is derivation of the conditions under which reciprocity of the 

DPP and the IRR will prevail, just in the same manner as the famous reciprocity 

of PP and the internal rate of return (IRR). 

 

INTRODUCTION  
 

Among all the capital budgeting decision indices the payback period 

(PP), in spite of theoretical limitations continues to be popular with practitioners. 

Durand (1974), Hoskin and Murray (1979), Narayanan (1985), Shapiro (1981) 

Statman (1982), and Weingartner (1969) justified payback criterionôs usefulness 

and popularity for different reasons. Boardman et al (1981), Blocher and 

Stickney (1979), and Durand (1974) investigated relationship of payback with 

Duration. Gordon (1955), Levy (1968) and Sarnat and Levy (1978) dwelt on the 

reciprocal relationship of payback with the internal rate of return (IRR) criterion. 

The Discounted Payback Period (DPP) as an improvement to the PP escaped 

their attention. Among all the decision criteria, Net Present Value (NPV) 

criterion is considered as theoretically superior to all others.  However, it is based 

on the assumption of perfect and efficient markets, independence of projects, 

certainty of project life, no capital rationing; etc. Most of these assumptions are 

not valid in real life. In the real world, a variety of risk factors and market 

inefficiencies require managers to focus on both profitability and liquidity of 

capital investments. The NPV rule ensures profitability but not liquidity, the 

Payback Period (PP) rule ensures liquidity but not profitability. The only 

criterion, which satisfies both, is the Discounted Payback Period (DPP) criterion. 

Over the last decade or so most of the textbooks in financial management 
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mention the DPP rule. Even the business calculators like Texas Instrumentôs BA 

II-Plus Professional have built-in function óDPBô for computing the DPP.  

The DPP is simply the period during which the cumulative net present 

value of a projectôs cash flows is equal to zero. The DPP has some very 

interesting properties. In most cases it can be a preferred criterion over other 

discounted cash flow techniques like Net Present Value (NPV), Internal Rate of 

Return (IRR), Modified Internal Rate of Return (MIRR) and Profitability Index 

(PI); etc. Unfortunately, many authors of textbook and journal articles have given 

insufficient, incorrect, and incomplete coverage to DPPôs properties and its 

immense usefulness.  

 

This paper is organized as follows: first, we list characteristics of an ideal 

capital budgeting decision criterion and compare popular criteria. Next, 

properties of the DPP criterion are discussed in detail then its relationship with 

other capital budgeting decision rules is examined. Various formulae for 

computing the DPP under different patterns of cash flows will be presented. 

Lastly, conditions for reciprocity of the DPP and the IRR will be explored. 

 
DESIDERATA OF AN IDEAL CAPITAL BUDGETING DECISION 

CRITERION  

 

An ideal capital budgeting decision criterion is expected to satisfy the 

following ten characteristics. This author has attempted to enlist whether each 

criterion meet these characteristics or not. A letter entry ñYò means yes, letter 

entry ñNò means no and a question mark (?) means that the criterion may not 

meets the requirement under certain conditions. 

 

       Desirable characteristics: PP NPV IRR PI DPP MIRR 

1. Simple to understand Y N Y Y Y Y 

2. Easy to calculate Y ? N ? ? ? 

3. Measures profitability N Y Y Y Y Y 

4. Ensures liquidity Y N N N Y N 

5. Can adjust for risk Y Y Y Y Y Y 

6. Considers all cash flows N Y Y Y N Y 

7. Adjusts for time value of money N Y Y Y Y Y 

8. Consistent with the wealth  

       maximization goal 

N Y N N Y N 

9. Is unique number  ? Y ? Y ? Y 

10. Assumes realistic reinvestment  

      of intermediate cash inflow  

N Y N Y Y Y 

       

 

None of the indices mentioned above meet all the requirements of an 

ideal criterion but the NPV and DPP rules come close.     
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DISCOUNTED PAYBACK PERIOD (DPP)  

 

Mathematically, payback period (PP) is the period, Np for which: 

 (1)                             × Ct = C0  

Where C0 is initial cash outlay and Ct is cash inflow in period ótô   

   

 Discounted Payback Period (DPP) on the other hand is the period, Nd for which: 

 (2)                           × Ct / (1+k)
 t
 = C0  

Where ókô is the cost of capital. 

 

The DPP, in other words, is simply the period during which the 

cumulative net present value of a project is equal to zero. A project is acceptable 

if DPP is less than its economic life or some predetermined period. Bhandari 

[1989] examined usefulness of the DPP criterion under conventional cash flow 

patterns. Since then most finance textbooks have included DPP method in capital 

budgeting chapter, but only to a limited degree. 

 

 AN EXAMPLE  

  

A machine costs $10,000.  If purchased, it will generate additional after-

tax cash flows of $2000, $3000, $6000, $3000, and $2000 at the end of each of 

the next five years respectively.  Should the machine be bought if the cost of 

capital (RRR) is 14%? The calculation of Payback Period (PP), Discounted 

Payback Period (DPP) and Net Present Value (NPV) is as follows:    

 

                                                  

Period           t 0 1 2 3 4 5 R1 

Cash flows   Ct -10,000 +2,000 +3,000 +6,000 +3,000 +2,000 R2 

Cumulative  

cash flow     ɆCt 

-10,000 -8,000 -5,000 +1,000 +4,000 +6,000 R3 

       2Ò PPÒ3    

Discount factor  

at 14% 

 1.000 0.8772 0.7695 0.6750 0.5921 0.5194 R4 

PV of cash flow -10,000 +1,756 +2,308 +4050 +1776 +1039 R5= 

R2xR4 

Cumulative  

PV of cash 

-10,000 -8,246 -5,938 -1887 -111 +928 R6 

       4Ò DPPÒ5 NPV  

 

For the above-mentioned project, the payback (PP) is between 2 to 3 

years.  If the cash flows are spread evenly within a year, PP is equal to 2.833 

years. Discounted payback period (DPP) is that period for which the cumulative 

present value is zero. The DPP is between 4 and 5 years, 4.107 years to be exact. 
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This project is acceptable because DPP is less than five years, the expected life of 

the project. The NPV is equal to  $928. Since NPV is greater than zero, the 

project is acceptable. Thus, both DPP and NPV rules come to the same 

conclusion. This will always be true for projects with normal cash flow pattern. 

 

 Discounted payback has all the useful properties of traditional payback 

and has an interesting relationship with the NPV, the IRR, and the PI criteria.  By 

accounting for time value of money and providing an objective decision rule, the 

DPP criterion overcomes two serious limitations of the PP criterion.  The DPP 

criterion also meets requirements number 1, 2, 3, 4, 5, 7, 8, and 10 listed above. 

Normal or conventional projects (projects with one change in sign of cash flows), 

which are acceptable according to the DPP criterion, are guaranteed to be 

profitable.  By considering the time value of money and discounting cash flows 

at the required rate of return, this criterion ensures profitability of the project 

through period, Nd much in the same manner as the NPV criterion does. 

 

 The DPP method has other advantages.  It is simple to understand and 

easy to compute.  Computation of cumulative net present value for figuring DPP 

is far less cumbersome than the computation of the IRR.  In addition, DPP is a 

more conservative measure of the relative liquidity of an investment than the 

traditional payback method.  Because DPP is always greater than the PP, an 

investment dubbed as liquid according to PP criterion may not even be 

acceptable according to the DPP criterion. 

 

 Discounted payback is a better gauge of the economic breakeven point 

than is the PP. DPP can be interpreted as a period beyond which a project 

generates economic profit whereas PP gives a period beyond which a project 

generates accounting profit.  The NPV, the IRR, and the PI criteria provide little 

evidence of either break-even point of investment projects.  DPP is a more 

accurate measure of the recovery period of the original investment and is 

therefore a preferred measure of uncertainty of a project in comparison to the PP 

method. DPP allows for adjustment of risk simply by using risk-adjusted 

discount rate. The higher the discount rate, the longer the DPP and the less 

attractive the project will become. 

 

 For a project with a shorter life, reciprocal of PP overestimates the IRR. 

Since DPP is always greater than PP; the reciprocal of DPP approximates the 

IRR more closely than the reciprocal of PP.  For a short-lived conventional 

project, the DPP method not only guarantees a minimum rate of return (the cost 

of capital) through Nd, but its reciprocal gives a better estimate of the internal rate 

of return (IRR) than does the reciprocal of PP. 

 

 Another interesting property of DPP is its relationship with other 

discounted cash flow criteria namely, NPV, IRR, and PI.  The DPP of a project is 

the time horizon during which the cumulative NPV equals zero; the IRR equals 
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the cost of capital; and the PI equals one.  Thus, accept-reject decisions for 

"independent" projects with "normal" cash flows based on the DPP criterion will 

be identical to the decision based on the NPV, the IRR and the PI criteria. 

 

For a project with normal or conventional cash flows, the DPP is a 

unique number. The DPP based decision rule also provides an objective rule for 

decision making  because accepting project if DPP is less than expected life of a 

project involves no subjectivity.  In many instances the useful life of a project 

itself is uncertain due to changes in technology, consumer tastes, competing 

products, regulatory environments, etc.  Use of the NPV, the IRR, and the PI as 

decision criteria in such circumstances is less desirable than the use of the DPP.  

This is because the computation of the DPP is not based on óNô, the useful life of 

the project. 

 

The DPP criterion has one limitation that it shares with the PP criterion.  

It ignores cash flows beyond the computed DPP (but less than PP because DPP is 

always greater than PP). However, one may question assigning too much 

importance to the cash flows beyond DPP because they are distant and uncertain.  

This is especially true of foreign investments, which are exposed to a variety of 

risks: expropriation, blocked funds, fluctuating exchange rates, shift in the 

regulatory environment, political coup, etc. Thus, overseas projects may have to 

be abandoned before their useful life.  Use of NPV, the IRR, or the PI criteria in 

such circumstances is less desirable than DPP.  This is because the computation 

of DPP is not based on N, the useful life of the project.  Furthermore, for 

independent projects where one needs to make only an accept-reject decision, 

ignoring positive cash flows beyond the DPP does not make a difference. 

 

DPP FORMULA FOR SPECIAL CASES 

 

Equation (2) above computes DPP under the assumptions of unequal 

cash inflows and discrete discounting. In this section, we present DPP formula 

for different patterns of cash inflows and nature of discounting. Systematic 

derivation requires basic skills in college algebra. 

 

Since terms in summation-equations (2) follow a geometric progression, 

formulae for DPP can be derived for each of the following cash flow patterns. 

 

Case 1. If all the cash inflows are equal and discrete and discounting is discrete 

then DPP is period for which cumulative present value of cash inflows, C is 

equal to initial outlay, C0 

i.e.  Ɇ C / (1+k) 
t
 = C0 

or C [1-(1+k)
-Nd

]/k = C0 This equation can be solved for Nd, the DPP to give 

(3)    DPP = -ln [1- {C0k/C}] / ln [1+k] and PP = C0/C  

 



Bhandari 

33 

 

Case 2. If cash inflows are equal and discrete (as in case 1 above), but are 

discounted continuously, then 

(4)     DPP = - (1/k) ln [1- (C0 / C) (e
k
 -1)] 

 

Example: Consider a project with an initial outlay of $10,000 (C0) and year-end 

cash inflows of $2,000 (C) for 10 years (N). Assuming the cost of capital (k) to 

be 10%, the payback period (PP) is 5 years. The DPP using discrete discounting 

is 7.27 years and DPP using continuous discounting is 7.46 years. 

 

Case 3. If cash inflows are growing (or declining) at a constant rate ógô that is Ct 

= C1 (1+g) 
t-1  

and assuming a discrete discounting then 

(5)     DPP = ln [1- {C0 (k-g)/C1}] / ln [(1+g)/ (1+k)}]  

 

Case 4. If cash flows are growing (or declining) at a constant rate ógô and are 

discounted continuously then 

(6) DPP = ln [1-{1-(1+g).e
-k
 {C0/C1

e-k
}  / ln [ (1+g) e

-k
]
                        

 

 

THE RELATIONSHIP BETWEEN THE IRR AND THE DPP  

 

Gordon (1955) showed that in case of perpetual and constant earnings from 

an investment, the reciprocal of the PP is equal to IRR and vice versa. Perpetual life 

for securities like common stock, preferred stock, and consol (perpetual bond) is 

obvious. Capital investments rarely have perpetual life therefore reciprocity of PP 

and IRR is a gross simplification. Now assuming that capital assets have finite and 

shorter life how do (a) PP and DPP respectively relate to the IRR. As stated before, 

the shorter the life of a project, the reciprocal of PP overestimates the IRR. In this 

situation, it can be shown that the reciprocal of DPP is closer to the IRR than the 

reciprocal of the PP. How long project life has to be so that reciprocal of DPP is 

equal to IRR. Let us take the case of constant and equal cash inflows. 

 

If C0 is initial outlay, C is constant annual cash inflow, and ónô is the 

expected life in years and ókô is the cost of capital, then the PP (Np) and the DPP 

(Nd) are respectively, 

the IRR (r) on the other hand is given by, 

(7)                      
C

C
 = N

0
p  

and 

(8)         
PP

1
 = 

C

C
<k where ,

k)+(1

)
C

kC
-(1-

 = N
0

0

d
ln

ln
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Substituting (9) in (8) we have the relationship between the DPP (Nd) and the 

IRR (r) as follows, 

 

For k = 0 and n = ¤, the PP equals the DPP, and each is equal to the reciprocal of 

the IRR, in other words, 

 

For k> 0, Nd>Np always, and the difference (Nd - Np) becomes larger and larger 

as ókô, the cost of capital, increases.  The higher the ókô, the more the relevance of 

the DPP over the PP as a capital budgeting decision criterion. The relationship 

between the DPP and the IRR is rather complex.  But,  

for a project with a perpetual life (n = ¤), equation (10) simplifies to 

 

In order to make the DPP (Nd) equal to the reciprocal of the IRR, we replace órô 

with 1/Nd in equation (10) and solve for ónô , step by step as follows: 

 

Multiplying both sides by ln (1+k) we get, 

(9)             ]         
r

)r+(1-1
[ = 

C

C
-n

0
 

(10)                         
k)+(1

])r+(1-1
r

k
-[1-

 = N

n-

d
ln

}{ln

 

(11)                           
r

1
 = N = N pd  

(12)                    r<k for ,
k]+[1 

]
r

k
-[1-

 = DPP
ln

ln

 

k)+(1

])
N

1
+(1-1kN-[1-

 = N

n-

d

d

d
ln

}{ln
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])
N

1
+(1-1kN-[1- =k)] +(1[N

n-

d

dd }{lnln   

 

])
N

1
+(1-1kN-[1 = e

n-

d

d
k)+(1 N- d }{ln  

 

Finally, solving the equation above for ónô we get, 

 

 

Equation (13) thus determines how long a project should last in order that its 

DPP will be equal to the reciprocal of its IRR. 

 

AN EXAMPLE:  

 

Consider a project with an initial outlay (C0) of $10,000 and subsequent 

cash inflows (C) of $2,000.  The payback (Np), therefore, is 5 years.  If the cash 

inflows are perpetual, the IRR (r) will be 20%, which is exactly equal to the 

reciprocal of the payback.  However, if the projectôs life is finite, say 10 years, 

the IRR equals 15.1%, which is almost 25% below the reciprocal of the PP.  Now 

assume that the cost of capital (k) is 5%.  The DPP (Nd) then equals 5.9 years, 

and the IRR (r) equals 15.1%.  The reciprocal of the DPP, that is 16.9%, is thus a 

closer approximation of the IRR.  If the projectôs life is 12 years, then the IRR is 

equal to 16.9%, which is exactly equal to the reciprocal of the DPP.  From 

equation (13), we can calculate the value of ónô to be 12.07 years.   

 

Table I shows the DPP for different values of the cost of capital (k) for 

projects with constant cash inflows of $2,000, $2,500, $3,333, $4,000 

respectively.  The disparity between the PP and the DPP increases as the cost of 

capital (k) increases.  Note that the DPP is never reached if the cost of capital (k) 

is greater than the reciprocal of the payback period. 

 

 

 
 

 

(13)               

)
N

1
+(1

]e-1
kN

1
-1[-

 = n

d

k)+(1N-

d

d

ln

}{ln ln
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TABLE I     DISCOUNTED PAYBACK PERIODS (DPP)
1
 OF AN $10,000 

INVESTMENT (C0 )WITH CONSTANT CASH INFLOWS (C) 
 

C   Cost of       

Capital, k Ÿ 

 
 

0%
2
 

 
 

5% 

 
 

10% 

 
 

15% 

 
 

20%
3
 

 
 

25%
3
 

 
$2,000 Discounted 

  $2,500 Payback 

     Period 

  $3,333 (in years) 

  $4,000 

 
5.00 

 

4.00 

3.00 

2.50 

 

 
5.90 

 

4.57 

3.33 

2.74 

 

 
7.27 

 

5.36 

3.74 

3.02 

 

 
9.92 

 

6.56                                     

4.28 

3.36 

 

 
8.83 

 

5.03 

3.80 

- 

 
- 

 

- 

6.21 

4.40 

    1
 DPP = -ln [1-(PP)k] / ln (1 + k) for a project with constant annual inflows

  

    2
 DPP = PP = C0/C, when k = 0 

 
  3

 DPP does not exist if k > [1/PP]  

 

Table II presents the IRR for different project lives (n).  The IRR 

increases as project life increases but at a slower rate.  At a zero cost of capital, 

the DPP equals the PP, and the reciprocal of each is equal to the IRR when ónô is 

infinite.  However, at a lower value of ónô, i.e., for ónô less than 15 years, the 

reciprocal of the DPP is closer to the IRR than the reciprocal of the PP.  For n = 

12 and k = 5%, the IRR is exactly equal to the reciprocal of the DPP.  This can be 

verified by using equation (13). 

 

TABLE II     INTERNAL RATE OF RETURN (IRR) AND RECIPROCAL 

OF DISCOUNTED PAYBACK PERIOD (DPP) FOR DIFFERENT COST OF 

CAPITAL 
 
Project Life 

(years) Ÿ 

 
  5 

 
   7 

 
   9 

 
   11 

 
   12 

 
   13       

 
 20 

 
  ¤ 

 
IRR (%) 

 
  0 

 
 9.2 

 
 13.7 

 
 16.2 

 
 16.9 

 
 17.5 

 
19.4 

 
20.0 

 
1/DPP at 5% 

 
  - 

 
16.9 

 
 16.9 

 
 16.9 

 
 16.9 

 
 16.9 

 
16.9 

 
16.9 

 
1/DPP at 10% 

 
  -   

 
   - 

 
 13.8 

 
 13.8 

 
 13.8 

 
 13.8 

 
 3.8 

 
13.8 

 
1/DPP at 15% 

 
  -  

 
   - 

 
   - 

 
 10.1 

 
 10.1 

 
 10.1 

 
 0.1 

 
10.1 

  

SUMMARY AND CONCLUSION  

 

In capital budgeting decisions, the theoretically superior net present 

value (NPV) rule ensures profitability but not liquidity. The highly maligned 

payback period (PP) ensures liquidity but not profitability. The discounted 

payback period (DPP) ensures both. The DPP rule meets most of the 
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characteristics of an ideal decision criterion but textbooks in financial 

management give insufficient, inaccurate, and incomplete coverage to the DPP. 

A projectôs useful life is exposed to risk due to changes in political, 

technological, regulatory factors, as well as changes in consumer taste. In such 

scenarios the use of the NPV, the IRR, and the PI (which all assume a fixed life) 

as decision making criterion become less desirable than the DPP. This paper 

discusses useful properties of DPP as well as presents formulae for computing 

DPP under different patterns of cash flows. The famous reciprocal relationship 

between PP and internal rate of return (IRR) does not hold for short-life projects. 

The reciprocal of DPP is closer to IRR than reciprocal of the PP. This paper 

derives conditions (of project life) under which the reciprocal of DPP is exactly 

equal to the IRR. 
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ABSTRACT:  The passage of the 1996 Farm Act provided producers something 

they had never experienced before, the freedom to plant virtually any crop they 

chose.  Because of this freedom, producerôs responsiveness to market influences 

and government policy variables in allocating farm resources is expected to differ 

for the period before and after 1996. The current study follows the literature by 

comparing elasticities between the two periods. However, unlike the past studies, 

the elasticities are with respect to revenue per acre rather than commodity price, 

which is consistent with the way direct government payments are calculated in 

the current (2008) Farm Bill. Hence it allows for easy analysis of the current 

Farm Bill. We estimate a Translog cost function of one output (a composite of 

corn, soybeans, and wheat) and three inputs (acreage of each crop). Panel data of 

four U.S. states Nebraska, Illinois, Indiana, and Iowa, from 1986 to 2007 is used 

for more variability. Preliminary analysis shows significant difference in 

elasticities between the two periods (1986-1996 and 1997-2007). Corn acreage 

responded more to changes in revenue per acre in the post 1996 period than in 

the pre 1996 period. The reverse was obtained for soybeans. The results also 

show that wheat is the least important crop among the three and its importance is 

diminishing over time. Based on Morishima elasticity of substitution, there is a 

significant substitution between corn and soybeans acreages. 

 

INTRODUCTION  
  

Acreage response studies are usually done to investigate the impact of 

government policies on farming. In the United States, there have been about 16 

farm bills since 1933, all of which have had some impact on farming and food 

production. As a result, this topic is of interest to many researchers and has 

resulted in many acreage response studies.  

 

The first major farm bill designed to increase crop values was the 

Agricultural Adjustment Act of 1933. To achieve this goal, farmers were 

required to reduce crop acreage in exchange for federal government subsidies. 

Subsequent legislation made extensive use, to varying degrees, of supply 

management tools to achieve stated policy goals of price and income supports 

until the passage of the 1996 Federal Agricultural Improvement and Reform 

(FAIR) Act.  The 1996 Act, popularly known as the Freedom to Farm Act, 

represented a major shift in the way government provided support to the 
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agricultural sector and provided producers something they had never experienced 

before, the freedom to plant virtually any crop they chose. Given the planting 

flexibility provided by the 1996 Act, producerôs responsiveness to market 

influences and government policy variables in allocating farm resources, 

especially crop acreages, is expected to differ for the period before and after the 

1996 FAIR Act.  The purpose of this study is to investigate this expected 

difference and to determine if acreage response elasticity for corn, soybeans and 

wheat has increased since the passage of the 1996 FAIR Act.  

 

PREVIOUS STUDIES 

 

 Acreage response literature is replete with many studies using diverse 

models, estimation techniques, and explanatory variables, but all with a common 

goal of determining acreage responsiveness to market incentives. Previous 

studies have shown that using disaggregated (e.g., state-level or regional) data 

yields larger response elasticities than does the use of aggregated data because 

some variability is lost in the latter (Winter and Whitaker 1979; Nutt et al. 1986). 

In regard to estimation method, although some studies (Choi and Helmberger 

1993; Krause et al. 1995; Lee and Kennedy 2008; Lin et al 2000) utilized 

seemingly unrelated regression (SUR), ordinary least squares (OLS) is the most 

commonly used estimation method.  In terms of using OLS, several studies 

(Winter and Whitaker 1979; Davidson and Crowder 1991) estimated double log 

functions, which are appealing mathematically but lack flexibility since elasticity 

estimates are assumed to be constant over time. Other functional forms, such as 

Transcendental Logarithmic (translog), Rotterdam and Almost Ideal Demand 

System (AIDS), are flexible since no a priori restrictions are imposed.  

 

 Although traditionally used in demand analysis, Lee and Kennedy (2008) 

successfully applied the Rotterdam model in their acreage response study. They 

argued that crop producers are in fact consumers of land, thus the quantity of 

land demanded by a farmer is a reflection of the expected economic incentives. 

In addition, since farm land is shared among different types of crops changes in 

relative expected economic incentives result in changes in the acreage demanded 

for each crop. One of the strengths of flexible models is that it allows for all 

crops to be estimated simultaneously, estimation of input substitution, and also 

account for the relative acreage distribution changes through restrictions.  

 

 Although the approach taken by Lee and Kennedy (2008) illustrates the 

applicability of alternative model formulations for acreage response analysis, 

their results are of limited benefit for the current study.  Their choice of function, 

the Rotterdam model, is restrictive due to the assumption an underlying linear 

production function.  They used aggregated data, which has been found to 

underestimate elasticities.  In addition, their choice of long time series data (1963 

to 2007) limits the reliability of attributing elasticity difference between the 
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before and after periods, if any, to market incentives since technological change 

could be responsible for the difference as well (Whittaker and Bancroft 1979).  

 

The current study attempts to estimate acreage response to market and 

government incentives for the pre- and post-1996 periods by using panel data. 

The estimation involves a flexible function which depends on crop production 

and accounts for crop share dependence. The degree of substitution between 

acres allocated to different crops is determined for the two periods. The 

development of the model used is discussed below.  

 

CONCEPTUAL FRAMEWORK  
 

 Acreage response analysis from a ñconsumer of landò perspective is 

plausible. In this case, a farmer (the consumer of cropland) will allocate acres of 

land to a given number of crops to achieve an objective (cost minimization, profit 

maximization or utility maximization). Determining the appropriate functional 

form to analyze this behavior is always a challenge. Most demand functions, such 

as Rotterdam used by Lee and Kennedy (2008), assume an underlying linear 

production or utility function, which may be far from reality. A translog function 

allows for economic effects inferences without imposing a restrictive linear 

function since it is a second-order Taylorôs series approximation of any well 

behaved function (Christensen et al., 1973). A translog cost function allows for 

the derivation of share equations which are the Hicksian demand equations, 

),( uph where p is price and u is a given level of utility. Therefore price 

becomes the most important variable in the function.  

 

 In most past studies, expected prices, futures prices, or target prices were 

used as the price variable. Other factors such as expected net returns per acre 

(Davison and Crowder, 1991; Lin et al. 2000; Duffy et al., 1993) and acreage 

value (Lee and Kennedy, 2008) have also been used. According to Davison and 

Crowder (1991), net expected return has greater influence on acreage than 

expected price. The acreage value used by Lee and Kennedy (2008) is in fact 

revenue per acre. Currently, the use of revenue seems more appropriate than 

price because of the type of payments made to producers under current 

government policy.  

 

 From a given translog cost function ),( QVfC= and associated share 

functions ),( QVgS= , an increase in acreage value of crop i (Vi),  ceteris 

paribus, will cause the optimizing farmer to allocate more acres to crop i. Hence 

a positive relationship is expected to exist between Si and Vi unlike the negative 

relationship in a typical demand function. Consequently, a negative relationship 

between Si and Vj (i Í j) indicate that crops i and j are substitutes.  
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 There are several measures of the degree of substitutability of any two 

inputs or factors of production. While the early measures, Hicks (1932) and 

Robinson (1935) are applicable to a two-factor scenario; for a multi-factor 

scenario, the Allen Elasticity of Substitution (AES) and Morishima Elasticity of 

Substitution (MES) measures are preferred (Allen, 1938; Morishima, 1967). 

While AES has a high tendency of treating two inputs as complements, MES has 

a high tendency of treating them as substitutes. Regarding superiority, Blackorby 

and Russell (1989) showed that MES is the appropriate measure of ease of 

substitution along an isoquant. MES for factors i and j is given as 

(1)  iijiijM ee-=  

Where jie  is the cross-price elasticity of demand for factor j with respect 

to the price of factor i, and iie is the own price elasticity of factor i. In general, 

an 0>ijM  implies i and j are substitutes while an 0<ijM implies they are 

complements. However, using acreage value (Vi) reverses the interpretation since 

an increase in Vi is expected to have a positive impact on acres allocated to crop i 

and negative impact on that of crop j. The formula for obtaining jie and iie is 

discussed in the next section. 

 

EMPIRICAL MODEL  
 

A Translog cost function with acreage value (crop price × yield) as the 

main explanatory variable was used for the analysis of acreage response pre- and 

post-1996. We assumed a one-output and three-input model (equation 2), where 

the output is a composite output of the corn, soybeans, and wheat. The three 

inputs include corn acreage, soybean acreage, and wheat acreage.  
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where C is the total acreage value for the three crops; Q is the Fisher output 

quantity index; Vi is acreage value of crop i; and T is time to account for 

technological change over time. The corresponding share and revenue functions 

are as follows 
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i = 1, 2, or 3 for corn, soybeans or wheat respectively 

Vi = Pi × Yield of crop i 
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Pi = max (Pt-1, loan rate) 

Ai = number of acres allocated to crop i 

 

The theoretical restrictions imposed are 
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Using coefficients from equation (2), elasticities were computed as follows 
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In this case, ñpriceò refers to ñacreage value.ò 

 

 The model was estimated using panel data for the period 1986 to 2007 

for the states of Nebraska, Illinois, Indiana, and Iowa. The panel data (state-year) 

increased the sample size without worrying about the effect of technology on 

acreage response which could be an issue in the case of a long time series data. 

Panel data also allow time and space dimensions to be captured at the same time. 

Production (output, yield, and acres), price and loan rate data by state were 

obtained from the U.S. Department of Agriculture (USDA) website.  

 

 Preliminary analysis of the crop share data was done to provide some 

expectation of the regression results. The analysis involved time series plots from 

1986 to 2007 for the three crop shares and each state. These plots are presented in 

Figure 1.  
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Figure 1. Time Series Plot of Crop Shares by State, 1986 to 2007. (S_il_cn: 

means share_Illinois_corn; sb: soybeans; wt: wheat) 

 

The time series plots of the crop shares show corn as the predominant 

crop in the four states and a strong but inverse relationship between corn and 

soybeans.  As a result, the two crops are expected to have influence on one 

another. As shown in Figure 1, wheat is the least important crop and its share has 

declined over time in all the four states. Based on the relative shares, wheat is not 

likely to have influence on corn and soybeans except probably in Nebraska. 

Although illustrative, these plots do not give any indication whether or not the 

degree of elasticity has changed since 1996. This can only be determined by a 

quantitative analysis. 

 

 

EMPIRICAL ESTIMATION  

 

The system of equations (2, two of 3, and 4) was estimated as seemly 

unrelated regression (SUR) using SAS version 9.1 with the theoretical 

restrictions above imposed. Estimates were obtained for the periods 1986 - 1996 

and 1997 - 2007 to capture the difference between the pre- and post-1996 Farm 

Act (Table 1).  

 

Table 1. Estimation Results of the 1 Output-3 Inputs Translog Cost Function 

  Variable
1
 Estimate P-value   Estimate P-value 

   Pre-1996   Post-1996 

 Intercept -16.367 0.0521  4.555 0.6296 

 lnQ 1.824** 0.0007  1.868** <.0001 

 lnQlnQ 3.181** <.0001  4.914** <.0001 

 lnV1 0.518** <.0001  0.458** <.0001 

 lnV2 0.251** 0.0087  0.480** <.0001 

 lnV3 0.232** 0.0105  0.062 0.3677 

 lnV1lnV1 0.304** <.0001  0.371** <.0001 

 lnV2lnV2 0.279** <.0001  0.303** <.0001 
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 lnV3lnV3 0.084** 0.0004  0.052** 0.0004 

 lnV1lnV2 -0.249** <.0001  -0.311**  <.0001 

 lnV1lnV3 -0.054** 0.0158  -0.060** 0.0009 

 lnV2lnV3 -0.029 0.1905  0.008 0.5916 

 lnQlnV1 0.853** 0.0306  1.110** 0.0015 

 lnQlnV2 -0.923** 0.0108  -0.613* 0.0715 

 lnQlnV3 0.070 0.6897  -0.497** 0.0028 

 T 2.494** 0.0026  0.296 0.6228 

 TT -0.061** 0.0018  -0.005 0.6275 

 TlnQ -0.106 0.2284  -0.084** 0.0063 

 TlnV1 0.280** 0.0053  0.029 0.3051 

 TlnV2 -0.235** 0.0072  -0.005 0.8793 

 TlnV3 -0.045 0.2497  -0.025* 0.0584 

 DlnV1_ne -6.515** 0.0274  -1.122 0.3993 

 DlnV2_ne 6.433** 0.0381   1.101 0.4251 

Corn: R
2
       0.738             0.826 

Soybeans: R
2 
      0.928           0.918 

Wheat: R
2
       0.711            0.864 

**Statistically significant at 5 percent *Statistically significant at 10 percent 
1/
 V - acreage value; Q - output; T - technology; 1 - corn; 2 - soybeans; 3 - wheat 

 

 As shown in Table 1, most of the estimated coefficients are statistically 

different from zero at 5 percent significance level. Only wheat acreage value is 

insignificant at any conventional level in the post-1996 results; a result which can 

be attributed to the declining share of wheat acreage shown in Figure 1. The 

estimated coefficient for the technology (T) is positive in both pre- and post-1996 

periods, but statistically significant in the pre-1996 period only. The positive sign 

indicates that acreage value increases with improvement in technology. However, 

technology will not affect the elasticities estimates since it has been correctly 

captured in the pre-1996 period and is not significant in the post-1996 period. 

 

 Using the estimated coefficients, own-price and cross price elasticities 

were computed using equation (5). The results are presented in Table 2; however, 

it should be noted that ñpriceò is represented or measured using ñacreage valueò 

or ñrevenue per acre.ò 
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Table 2. Estimated Own-Price
1
 and Cross-Price

1
 Elasticities for Corn, Soybeans, 

and Wheat (p-values in parentheses).   

 Corn Soybeans Wheat 

 Pre-

1996 

Post-

1996 

Pre-

1996 

Post-

1996 

Pre-

1996 

Post-

1996 

Own-price 0.148* 0.219* 0.902* 0.222** -0.920* -0.859* 

 (0.0452) (0.0193) (0.0003) (0.0754) (0.0000) (0.0008) 

Cross-price with respect to:     

Corn   -0.823* -0.302* 0.201 -0.492** 

   (0.0016) (0.0281) (0.3279) (0.0749) 

soybeans -0.179* -0.176*   0.719* 1.351* 

 (0.0016) (0.0279)   (0.0000) (0.0000) 

wheat 0.030 -0.043 0.077 0.058   

 (0.2989) (0.1231) (0.3662) (0.1858)   

**Statistically significant at 5 percent *Statistically significant at 10 percent 
1/
 Price represented or measured by acreage value or revenue per acre 

 

 The corn own-price and cross-price elasticity estimates are reported in 

Table 2. As shown in Table 2, a 10 percent increase in acreage value will lead to 

1.48 percent and 2.19 percent increase in corn acreage in pre-1996 and post-

1996, respectively. Thus, the results indicate that corn producers are more 

responsive to market incentives in the post-1996 period than in the pre-1996 

period; a result which is expected given the increased planting flexibility 

provided by the 1996 Act.  As expected and shown by the cross-price elasticity 

estimates, an increase in soybean acreage value decreases corn acreage in both 

periods; however there is a slight decline in responsiveness in the post-1996 

(0.176) compared to the pre-1996 period (0.179). Corn-wheat elasticity is not 

statistically significant at any conventional test level.  

 

 The soybeans results, also reported in Table 2, mimic those of corn 

except that the responsiveness in the post-1996 period is substantially less than 

that of the pre-1996 period. Part of this decline can be explained by the rapid 

shift in acreage to soybeans in the year immediately following passage of the 

1996 Act; for example, soybean acreage increased 9% between 1996 and 1997 

compared to a 2.7% and 3% increase in the period 1995-1996 and 1997-1998, 

respectively. While the initial large shift in acreage to soybeans observed in 1997 

is attributed to the introduction of planting flexibility, acreage allocations in 

subsequent years are the result of producers responding to the market conditions 

experienced at the time.  Thus, the decline in acreage responsiveness in the post-

1996 period could be expected given the amount of time that has passed since the 

large initial adjustment to the planting flexibility provisions in the 1996 Act.  
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 The wheat own- and cross-price elasticity estimates reported in Table 2 

are not consistent with the results expected or those of corn and soybeans. 

According to the estimated values, an increase in wheat acreage value results in a 

decrease in wheat acres while an increase in corn or soybean acreage value 

results in an increase in wheat acreage.  These inconsistencies may be due to the 

small crop share for wheat in each of the states included in the study; 

furthermore, it is likely that the model fails to capture one or more of the 

important influences in allocating acreage to wheat production.  For example, 

there is limited substitutability between wheat land and corn or soybean land. 

Wheat requires less water, hence land allocated to wheat cultivation would 

require significant irrigation to make it suitable for either corn or soybean 

cultivation.  

 

 The estimated own- and cross-price elasticity estimates reported in Table 

2 suggests that the planting flexibility provisions in the 1996 Act have resulted in 

a change in the responsiveness of acreage to market incentives.  However, it is 

also useful to examine if the degree of substitutability between the three crops 

have changed since the passage of the 1996 Act.   

 

Acreage Substitution:  To examine the degree of substitutability of land between 

the three crops (corn, wheat, and soybeans), the Morishima Elasticity of 

substitution (MES) was computed for each crop using equation (1).  The results 

are reported in Table 3. The results indicate substitutability between corn acres 

and soybeans acres.  

 

Table 3. Comparison of Morishima Elasticity of Substitution (MES
1/
) Estimates 

for Corn, Soybeans, and Wheat for Pre- and Post-1996. 

  
Corn Soybeans Wheat 

  Pre-

1996 

Post-

1996 

Pre-

1996 

Post-

1996 

Pre-

1996 

Post-

1996 

Corn -- -- -1.08 -0.39 0.95 0.82 

Soybeans -0.97 -0.52 -- -- 0.99 0.92 

Wheat 0.75 0.003 -0.18 1.13 -- -- 
1/
MES < 0 crops are Morishima substitutes; MES > 0 crops are Morishima 

complements 

 

 As shown in Table 3, both corn and soybeans are Morishima substitutes 

(MES < 0); however, the degree substitutability declined after 1996. For 

example, pre-1996 a 10 percent increase in acreage value of corn or soybeans 

resulted in almost the same percent decrease in the other cropôs acreage, while 

post-1996 that same 10 percent increase in acreage value has a less than six 

percent decline in acreage. The results also indicate that the substitution between 

corn acres and soybeans acres is asymmetric. Using the post-1996 figures as an 

example, a 10 percent increase in corn acreage value leads to a 5.2 percent 
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decline in soybeans acres but a 10 percent increase in soybeans acreage value 

leads to a 3.9 percent decline in corn acres. Barring any useful information the 

model might have missed (as noted in the above), the results indicate that wheat 

would be classified as Morishima complements (MES > 0) with corn and 

soybeans in the post-1996 period.   

 

Current Farm Legislation: Agricultural policy, beginning with the Agricultural 

Adjustment Act of 1933 and continuing today with the Food, Conservation, and 

Energy Act of 2008, have used various policy tools to achieve their stated 

objectives of price and income support for agricultural producers.  Although the 

government payments provide an important source of income to the farm sector, 

the programs used to deliver these payments have undergone significant changes 

over time.  In the last 20 years, a series of fundamental changes in commodity 

programs (e.g., the planting flexibility provisions in the 1996 Act, the counter-

cyclical payment program in the 2002 Farm Bill) and other agricultural policies 

have moved the farm sector towards more market oriented decisions and less 

government involvement. 

 

The most recent farm bill, the Food, Conservation, and Energy Act of 

2008 (or the 2008 Farm Bill), continues this movement towards market 

orientation by continuing programs enacted in previous legislation (e.g., counter-

cyclical payments, marketing loan assistance program, and direct payments) and 

introduces a new average crop revenue election payment (ACRE) program, 

available beginning 2009, as an alternative to the counter-cyclical payment 

program.  The ACRE program is essentially a guaranteed revenue program where 

revenue guarantees are determined using state-level yields and national prices.  

Payments are triggered when the state revenue for the crop is less than the ACRE 

program guarantee AND the ACRE actual farm revenue is less than the ACRE 

benchmark farm revenue.  In addition, the ACRE program is designed to reduce 

income volatility for participants with the provision that the ACRE guarantee 

cannot change by more than 10% from the previous crop year.  In exchange for 

these benefits, producers electing to participate in ACRE have their direct 

payments reduced by 20%, marketing assistance loan rates reduced by 30%, and 

must remain in the program for the duration of the 2008 Act.  It is expected that 

the ACRE program will provide increased revenue stability for producers without 

negatively impacting the interaction of supply and demand forces in determining 

market prices. 

 

CONCLUSION  
  

 Changes in farm program provisions have served as the motivation for 

many of the acreage response studies in the literature. Many models and 

variables have been used to this effect. To examine if the planting flexibility 

provisions introduced in the 1996 FAIR Act impacted the acreage responsiveness 

of selected commodities, an acreage response model utilizing a per-acre revenue 
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explanatory variable was estimated and used to construct own- and cross-price 

elasticities for the pre- and post-1996 period. The model, translog cost function, 

is based on crop production but allows acreage allocation to be analyzed from 

demand perspective. The results obtained are consistent with theory and 

observations in the study areas. Corn and soybean are important crops in 

Nebraska, Illinois, Iowa, and Indiana. A change in the acreage value of either 

crop has a positive impact of acreage demanded for that crop and a negative 

impact on the other crop. Hence, acreage value is influential in planting 

decisions.  

 

As farm programs move away from supply management tools to achieve 

policy goals to more market oriented tools, producers will move away from using 

program incentives in their crop allocation decisions to responding to market 

signals.  The advent of using a revenue approach, as opposed to a price support, 

to achieve policy goals means that models used in estimating acreage 

responsiveness will need to incorporate revenue measures (e.g., crop value per 

acre or revenue per acre) in order to account for farm policy impacts on crop 

production.  Thus, models such as the one used in this study will be useful in 

future policy analysis.  
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ABSTRACT: We as humans all share one small home while individually we live 

in separate houses. Our collective home is the Planet Earth. Of all the animals, 

humans dominate our planet. Hardly any place is left where human effect is not 

felt. Of much concern has been the atmosphere which has been altered by gases 

produced by humans such as chloroflurocarbons, resulting from chemical 

processes alien to natural systems.  Since the days of the Greek genius 

Archimedes, solar energy has been proposed as alternative source of energy. The 

concept has been known for 2500 years.  Since the dawn of time, the sun has 

been a vital source for life and religion. Two hypotheses were tested.  Based on a 

sample of 400, a survey study was conducted to determine as to how university 

and college students, our future business leaders and scientists, perceive the 

importance of solar energy and to what extent they are familiar with its vital 

characteristics. 

 

INTRODUCTION   
 

Many who commute to work or sail the seas are aware of human debris 

in our waters. Chocked up by pollution, lakes are drying up so are rivers in every 

continent. The preponderance of worldôs forests and grasslands has been 

compromised indefinitely. For a sobering example, Armenia was once entirely 

covered with forests. In 1991, when it declared independence form the Soviet 

Union, the forest land had dwindled to 12 percent.  Since 1993, over 100,000 

hectares of Armeniaôs beautiful forests have been lost due to unregulated cutting 

to supplement a war driven shortages of heating fuel. Presently, only a mere 8 

percent, or roughly 240,000 hectares, of the country is now covered with forests.   

 

According to Kauffeld (2008), if the current rate of deforestation 

continues, Armenia will become a desert by the year 2030. The likely fate of 

Armenia from a total forest to a total desert should serve as a cogent wakeup call 

to all of us inhabiting the Planet Earth! Over the last three hundred years, humans 

have transformed this planet in many ways. In some instances, we have improved 

life; in others, we have jeopardized existence of societies on this fragile planet. 

 

Automobiles have been the arch polluters of the environment and, 

therefore, are the main cause of climate change with serious repercussions and 

consequences. The sun and volcano eruptions used to be the major players in 

influencing the climate change. Presently, humans have the most impact on the 
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Earthôs climate change. It has been established that humans create greenhouse 

gases which block the outgoing thermal radiation that comes from the Earth 

(Gran2008).  

 

Approximately 86 percent of the worldôs global energy comes from 

fossil fuels, such as coal, natural gas, and oil (Henry 2008).  These energy 

sources are the major causes of global climate change.  There are many different 

prospects of alternative and renewable energy running the gamut of wind, solar, 

and hydro-electric energy. These alternative sources can help reverse some of the 

damaging effects of climate change caused by current energy producing ways 

and methods. One of the fastest growing energy sectors in the energy industry is 

wind power which, unlike solar technology, cannot be readily used in 

automobiles (Henry 2008). 

 

In fact, for over ten years, the former Vice President and Nobel Peace 

Prize winner Albert Gore (2008) has been warning the international community 

about the ill effects of global warming.  To reverse the damage in a few years 

would be like catching lightening in a bottle. Goreôs position is not free of 

controversy, though.  Some scientists claim that climate change is not new; we 

have always had change in the climate throughout the ages.  

 

For example, the Arctic explorer Sir John Franklin in his attempt to 

discover the Northwest Passage in 1853 found his two ships stuck in ice for five 

years due to a freak of change in climate (dubbed as ñDeadly Winterò by Davis 

(2003) which did not allow ice to melt during the summer thereby causing the 

demise of the expedition. Thus, one of the constants in climate has been change. 

However, one thing is unequivocally true: fossil fuel is imperceptibly causing its 

damage to humans, animals, and plants. Therefore, something should be done to 

stop the killer.  

 

Jordan (2008) has pointed out that if one were to visit the museum of the 

National Academy of Sciences (NAS) in Washington,  one would see a sobering 

exhibit which reveals how much of coastal Maryland will be flooded by the 

Chesapeake Bay if the mean sea level rises by a mere 0.5 meters. With the 

concurrent melting of glaciers and icecaps, the fate of some low lying places 

around the world will share the same fate experienced by the mythical city of 

Atlantis. 

 

Throughout the ages, mankind has found solutions when faced with 

fundamental problems. The present age is not exception. We have many 

entrepreneurs now working on environmental problem day and night. In fact, a 

creative entrepreneur can benefit from the demise of the planet by offering 

products and services to alleviate, if not eradicate, the impending effects of 

climate change. One such product would be solar thermal energy. 
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Harnessing sunlight into electricity seems to be reinventing itself in 

California. The California Proposition 7 (2008) is testimony to the emerging 

change in policy. The idea dates back, however, to ancient Greeks. The concept 

has been known for 2500 years.  In the 1500s, Leonardo da Vinci refined the idea 

for boiling water for a dye factory with the heat generated by a curved mirror 

four miles in diameter. Such an impractical mirror was never built, but his 

mentor, Andrea Verocchio, successfully tested the idea a century ago by devising 

a smaller one to be used in soldering (Perlin 2008); therefore, the solar thermal 

energy fails to qualify as a 20th Century innovation.  

 

Since the dawn of time, the sun has been a vital source for life.  

Therefore, humankind has entertained long ago the idea of solar energy (Clark 

2007).  In recognition of the sunôs power, some people, like the early Persians 

worshipped the sun. Till today, we have the Zorarstorian religious sect alive and 

well in India and Persia, albeit persecuted by the dominant religions there.  

 

After a brief history of the solar energy, two hypotheses are stated and 

the methodology of a survey study is presented, followed by the analysis of the 

collected data and interpretation of the findings is covered with a brief conclusion 

and implications. 

 

 

A BRIEF HISTORY OF SOLAR ENERGY   

 

Solar energy is derived from the sun in a form of ultraviolet rays. It was 

first applied by the Greek genius Archimedes in 212 B.C. He used solar energy to 

defend the harbor of Syracuse against the Roman fleet (Perlin 2008). Archimedes 

devised a mirror or ñburning mirrorò as they had called it to set fire to the ships 

of the Roman fleets while standing on shore (U.S. Department of Energy 2009).   

 

Since then, it took sixteen centuries for Salomon de Caux to construct the 

first solar device, a solar engine in 1615. De Cauxôs contraption was made up of 

glass lenses, supporting frame, and an airtight metal vessel containing water and 

air. This produced a small water fountain when the air heated up during 

operation. This was considered to be more of a toy than a device, but it was the 

first published account of the use of solar energy since the fall of the Roman 

Empire. Since then, other uses of solar energy have centered on the solar roof and 

the solar oven (Ericsson2008).   

 

Interestingly enough, more than 250 years ago, Comte de Buffon, a 

French experimentalist, directed 124 flat mirrors on a model ship in Paris and 

burned it, demonstrating that Archimedes indeed could have burnt the Roman 

fleet as ancient historians claimed (Perlin 2008). 
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In the 1800s, people became worried over steam enginesô insatiable 

appetite for fuel produced by coal of which Europe was on the verge of complete 

depletion. The industry had to turn to other sources of energy. One scientist went 

out to build a dish-shaped mirror that focused sunlight onto a boiler to help 

resolve what he believed was the impending demise of fossil fuels. 

 

During the First World War, the first economical solar-powered engine 

was operating in Egypt which had little in the way of accessible fuel. A few years 

later, the region surrounding Egypt discovered plenty of oil. Likewise oil was 

found in North America. The worry about energy subsided from then on, and the 

interest in solar power diminished, if not dissipated. 

  

RECENT INITIATIVES AND TECHNOLOGICAL DEVELOPMENTS  

 

 Solar power, which has been claimed as the best innovation on the energy 

horizon for ages, seems to be reaching a tipping point to acquire a critical mass. 

Given the high price of oil, the current energy crisis, and the knowledge of the harm 

burning fossil fuels can cause such as climate change, there is a renewed interest by 

some scientists, government officials and entrepreneurs to focus on this old, but 

evolving solar technology as an alternative source of clean and renewable energy. 

Besides, President Obama Barak has promised the American people to relieve them 

of the costly dependence on foreign oil by promoting the ñGreen Energyò industry. 

 

 Advocates for the technology of solar thermal energy have estimated that 

the world would need less than one percent of all the worldôs deserts to power the 

entire globe. Ettestol (2007) argued that with solar energy we could produce fresh 

water for irrigation to make arid landscapes green and provide food for all peoples. 

According to Perlin (2008) this would be a herculean task to achieve, but the 

successful operation of the thermal plant built 22 years ago in Californiaôs sun-

drenched Mojave Desert provides some hope.            

 

 Early in 2008, San Francisco-based Pacific Gas and Electric Company 

contracted with BrightSource Energy, Inc. to supply power it plans to generate at 

three plants in the sunny California desert (Jacobs 2008). Southern California 

Edison has also signed agreements with eSolar, Inc. to buy power from solar 

thermal facilities to be built in the Antelope Valley, north of Los Angeles. Both of 

these suppliers expect their first plants to be operational in 2011 (Jacobs 2008).   

Rosenbloom  (2008) has reported that recently chains like Wal-Markt, Kohlôs, 

Safeway and Whole Foods Market have installed solar panels on their roofs to 

generate electricity on a large scale. The primary reason for racing is to beat a 

December 31, 2008 deadline to gain tax advantages for these projects. Likewise, 

Bruce (2008) has reported that it was the Pavilion Companyôs plan to install solar 

energy in 23 of the California stores. 
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 A few nations are also hopping on the bandwagon to utilize solar energy on 

an extensive scale. For example, Sang-Hun (2007) has indicated that South Korea 

planed to break ground for the worldôs biggest solar power plant as it tried to 

diversify its available sources of energy which is basically clean. Sun-Technics, the 

German solar power company, will build the solar plant in Shinan, near the 

southwestern tip of South Korea, by late 2008.  

  

 Germany is another country determined on harnessing the sun. German 

legislation (known as 100,000 Roofs Law, due to its goal to cover 100,000 roofs 

with panels), was followed by a new law titled the Renewable Energy Law in 2000 

to provide low-interest loans for  home and business owners to install solar power 

panels (Flanagan 2007). Swiss-born Christophe Behling designed the worldôs 

largest solar-powered vessel in Hamburg, Germany. The Hamburg Solar-shuttle 

seats 120 passengers which was launched in 2000. Since then, Flanagan (2007)  

maintains that Behling has designed over 40 solar-powered water vessels, from 

large commercial boats to smaller private boats for personal use. 

 

 Solar energy has been in the public radar for many years.  It has been too 

expensive for practical use, but recently it has been getting some help from 

technological innovation, environmental concerns, and the rising fossil fuel costs.  

MIT researchers have recently discovered and developed a new way to concentrate 

solar beams, potentially reducing the cost of solar panels (Johnson 2008).   

 

 Moreover, the Silicon Valley and around Route 128, those who made 

computer chips are now trying to make thin-film solar cells. Thus, solar energy is 

becoming that popular and lucrative. Hopefully, this will be the beginning of the 

end of the age of fossil fuel energy. As they say, man has graduated from the Stone 

Age not because he ran out of stones, but because he found new technologies such 

as in bronze, and later in iron. 

 

 Against the backdrop of spiraling price of oil, the burning question is that 

why then have we not exploited the use of the sun when it gives us a clean, 

renewable, and comparatively less expensive source of energy? 

 

 There seems to be two main culprits: the arch one is the consumer, and the 

other one is the abundance of cheap oil by cartelôs manipulation of the supply of oil 

and its price. Consumers want cars with muscles and yet economical. They have 

attitudinal and behavioral problems: one cannot have his cake and eat it too. Cars 

with muscles must run on fossil fuel which is causing climate change with attendant 

complications for all people on this planet. 

 

 Whenever there is abundance of oil as was the case after the Second World 

War, the interest in alternative energy sources such as solar power tends to fade 

away. The impetus behind the search for cleaner, renewable source of energy comes 

from energy crisis when prices of oil skyrocket. Nations and corporations are not 
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practicing management by objectives, but rather resort to management by crisis. 

There is a need for attitude change in pursuing technologies. New technologies 

should be researached also with great vigor during non-crisis time. 

 

 What would counter climate change and reverse its dangerous trend? If 

humankind wants to stop the harmful effects of climate change such as getting one 

third of Bangladesh (one of the most populous nations) submerge under the sea 

(Stiglitz 2006), humankind has to change first its attitudes and behavior toward the 

use of fossil fuel.  Incidentally, climate change will also hit close to home: half of 

the states on the Gulf coast would submerge under the Atlantic Ocean. 

 

 Then as now, solar technology has not been seriously pursued by large 

corporations. Although solar energy has had a long and rich legacy, no nation has 

capitalized on it yet. Solar energy is abundant and renewable and requires no more 

than one percent of worldôs desert to meet Planet Earthôs demand for clean and 

affordable energy.  Many people firmly believe in the use of energy, such as solar 

power, which is compatible with the fragile nature of our small and susceptible 

Planet Earth. 

 

HYPOTHESES 

 

How do our students, our future business leaders, politicians, and 

scientists perceive the importance of solar energy and to what extend they are 

knowledgeable or familiar with its salient characteristics? To answer these 

questions two hypotheses were tested: 

 

H1: the majority of respondents will be familiar with the solar energy 

technology. 

 

H2: The majority of respondents will perceive positively the 

characteristics and benefits of 

        solar energy.   

 

METHODOLOGY  

 

Sample.  The sample size consisted of 400 students. The researcher 

randomly selected the sample units on a large university campus to take the 

survey. No distinction was made of the respondentôs gender; however, the 

sample was nearly equally divided between male and female students. 

 

Research Instrument. The survey questionnaire consisted of 20 short 

statements using a Likert-type scale testing seven (7) dimensions of solar 

technology to determine the respondentsô perceptions of the fundamental 

characteristics of solar energy.  Basically, the questionnaire items pertained to 

various aspects of solar energy such as its history, power, effect on the 
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environment, economics, nature of resources, future, and its ultimate redemption. 

There were three determinants on each dimension except the last one which had 

two as is shown below: 

 

 

DIMENSIONS OF SOLAR ENERGY  

 

History : Solar energy is a relatively new technology. 

    As far back as 2500 years ago, solar energy was explored for use. 

    Currently, California is in the forefront of solar energy. 

Power: Automobile industry can easily use solar energy to power cars. 

     The best use of solar energy could be in private homes. 

     Solar energy can be used in industrial production. 

Effect on the Environment: Solar Energy is a clean source of energy. 

                                                Solar energy is renewable. 

Solar energy is harmless on the environment 

since it has minimum amount of pollution. 

Economics: For installing solar energy, the initial cost is high. 

         The overall expense of using solar energy is relatively low. 

          The maintenance of solar technology as an energy source is 

          inexpensive. 

Nature: Solar technology is best suited for countries with extensive stretches of  

              desert. 

  To be beneficial, solar technology needs the right climate. 

  To ensure the proper functioning of solar energy, the geographical  

  location should have more sunny days than cloudy, overcast days. 

Future: Solar energy has a bright future for worldwide use. 

To encourage solar technology development, the federal government   

will  continue giving tax incentives to businesses as well as to home 

  owners. 

  The adoption rate of solar technology will be slow but steady. 

Redemption:  Solar energy can put an end to U.S. dependence on foreign oil. 

              The application of wind technology could surpass that of solar 

energy in those countries where there are relatively more windy 

days than sunny days. 

 

To measure perception, a five-point Liker-type scale was included after 

each statement in the questionnaire,  requiring respondents to state their 

agreement or disagreement from a range of strongly agree, agree, undecided, 

disagree, and strongly disagree choices.  This measurement was expected to give 

the overall perception of the solar energy by the respondents.  
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Procedure: The filling of the questionnaires was carried out on a self-

administered basis. The collection of the data was the responsibility of the 

research assistant. The research assistant collected the data by distributing the 

survey questionnaire to randomly selected students on campus for their 

responses. 

 

Data Analysis showed the number of those who responded when the 400 

questionnaires were collected,  the responses of respondents who marked 

ñstrongly agreeò, ñagreeò, ñundecidedò, ñdisagreeò, and ñstrongly disagreeò for 

each statement were tallied.  The results of the tallies were then transferred to 

Excel and were converted into charts for ease of comparison. It clearly answered, 

ñstrongly agreeò, ñagreeò, ñundecidedò, ñdisagreeò, ñstrongly disagreeò.  Chi-

square technique of analysis was applied to the data.  

 
 

FINDINGS AND INTERPRETATIONS  

 

1. In regards to the statement that solar energy is a relatively new technology, 

the majority of respondents disagreed. The Chi-Square result was 241, with 

4 d.f. When compared to the critical Chi-Square value of 9.5, it indicates 

the differences in the responses to be statistically significant at .05 level of 

confidence. 

2. In regards to the statement that as far back as 2500 years ago, solar energy 

was explored for use, the majority of the respondents were undecided. The 

calculated x2 is 188.2, with 4 d. f. compared to the critical value of 9.5, the 

differences in the data were statistically significant at .05 level. 

3. As for the statement that currently, California is in the forefront of solar 

energy, the majority of the respondents agreed. The calculated x2 is 189.3, 

with 4 d.f. compared to the critical value of 9.5, the differences in the data 

were significant at .05 level. 

4. The assertion that the automobile industry can easily use solar energy to 

power cars, the majority of the respondents agreed. The calculated x2 is 

110.7 compared to the critical value of 9.5, the differences in the data were 

significant at .05 level with 4 d.f. 

5. In regards to the statement that the best use of solar energy could be in 

private homes, again the majority of the students agreed. The calculated x2 

is 247.6 compared to the critical value of 9.5, the differences in the data 

were significant at .05 level with 4 d.f. 

6. The statement about solar energy as being also used for industrial 

production, the majority of the respondents agreed. The calculated x2 is 

452.3 compared to the critical value of 9.5, the differences in the data were 

significant at .05 level with4.d.f. 

7. As for the statement that solar energy is a clean source of energy, the 

majority of the respondents strongly agreed. The calculated x2 is 445.9 
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compared to the critical value of 9.5, the differences in the data were 

significant at .05 level with4.d.f. 

8. To the statement that solar power is renewable, the majority of respondents 

strongly agreed. The calculated x2 is 280.5 compared to the critical value 

of 9.5; differences in the data were significant at .05 level, with 4.d.f. 

9. In regards to the statement that solar energy is harmless on the environment 

since it has minimum amount of pollution, again the majority of 

respondents agreed. The calculated x2 is 245.8 compared to the critical 

value of 9.5; the differences in the data were significant at .05 level, with 

4.d.f. 

10. As for the statement that for installing solar energy the initial cost is high, 

majority of the respondents almost strongly agreed with a calculated x2 of  

325.8 compared to the critical value of 9.5; the differences in the data were 

significant at .05 level, with 4.d.f. 

11. For the statement regarding the overall expense of using solar energy is 

relatively low, the majority of the respondents agreed. The calculated x2 is 

137.7 compared to the critical value of 9.5; the differences in the data were 

significant at .05 level, with 4.d.f. 

12. Regarding the statement that the maintenance of solar technology as an 

energy source is inexpensive, the majority had no opinion on it. The 

calculated x2 is 170.7 compared to the critical value of 9.5; the differences 

in the data were significant at the .05 level, with 4 d.f. 

13. As far as the statement regarding solar technology as being best suited for 

countries with extensive stretches of desert, the majority of respondents 

had no opinion on it. The calculated x2 is 104.4 compared to the critical 

value of 9.5; the differences in the data are significant at .05 level, with 4 

d.f. 

14. In regards to the statement that to be beneficial, solar technology needs the 

right climate, the majority of the respondents agreed. The calculated x2 is 

172.6 compared to the critical value of 9.5; the differences in the data were 

significant at .05 level, with 4 d. f. 

15. For the statement to ensure the proper functioning of solar energy, the 

geographical location should have more sunny days than cloudy, overcast 

days, the majority of the respondents agreed. The calculated x2 is 158.6 

compared to the calculated critical value of 9.5; the differences in the data 

were significant at .05 level, with 4 d. f. 

16. In response to the statement that solar energy has a bright future for world 

wide use, the majority of the respondents agreed. The calculated x2 371.8 

compared to the critical value of 9.5; the differences in the data were 

significant at .05level, with 4  d. f. 

17. As for the statement that to encourage solar technology development, the 

federal government will continue giving tax incentives to businesses as 

well as homeowners, the majority of respondents agreed. The calculated x2 

is 250.8 compared to the critical value of 9.5; the differences in the data 

were significant at .05 level, with 4 d. f. 
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18. For the following statement: the adoption rate of solar technology will be 

slow but steady, the majority of the respondents agreed. The calculated x2 

is 474.6 compared to the critical value of 9.5; the differences in the data 

were significant at .05 level, with 4 d. f. 

19. In regards to the statement that solar energy can put an end to U.S. 

dependence on foreign oil, the majority of the respondents again agreed. 

The calculated x2 is 43.1 compared to the critical value of 9.5; the 

differences in the data were significant at .05 level, with 4 d. f. 

20. Finally, regarding the statement that the application of wind technology 

could surpass that of solar energy in those countries where there are 

relatively more windy days than sunny days, the majority of the 

respondents again agreed. The calculated x2 is 213.6 compared to the 

critical value of 9.5; the difference in the data was significant at .05 level, 

with 4 d. f. 

 

CONCLUSION AND IMPLICATIONS  

 

Based on the above analysis of the data, we are now ready to either 

accept or reject the two hypotheses: 

 

H1: The majority of respondents will be familiar with the solar energy 

       technology.  This hypothesis is accepted. 

 

H2: The majority of respondents will perceive positively the 

characteristics and benefits of solar energy. This one is also 

accepted. 

 

In virtually every instance, respondents showed more than adequate 

general knowledge about solar energy technology. Likewise, all of the 

respondents agreed on the benefits of the solar energy. 

 

One of the most important implications is the fact that our future leaders 

in business, politics, and sciences are ready to embrace the solar energy as being 

a viable alternative to the continued use of fossil energy such as oil, coal, and 

natural gas. It seems that the academia, the media, and venturesome 

entrepreneurs are getting out the word about the benefits of the solar energy. 

Even the Federal Investment Tax Credit (ITC) publicizes solar energy by 

offering $2,000 discount to homeowners for installing solar water heating 

systems (Mulrooney 2008).  

 

Additionally, there is a growing infant industry which is centered in 

California is making headways in finding means to improve the application of 

solar energy in powering automobiles, homes, and factories. In terms of 

maintenance, solar energy requires little maintenance as compared to other 

sources of power (Clark 2008). California is in the forefront of developing, 
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experimenting, and marketing solar energy. Silicon Valley already claims to be 

the hub of this industry. 

 

Although there are occasionally some companies advertising their 

services on television, such efforts to cultivate selective demand is not sufficient. 

The industry has to engage in massive campaigns subsidized by the government 

to also generate primary demand for solar energy adoption. If the U.S. 

government is giving out coupons to citizens to buy TV boxes for converting 

their sets from analog to digital sets, it surely must accept the responsibility to 

carry the burden of the promotional expense in order to popularize the use of 

solar energy for the benefit of all citizens. 

 

President Barak Obama has already included in his campaign promises 

that he would spearhead the search for alternative sources of energy to wean the 

United States from its longstanding addictive dependence on foreign oil. As a 

consequence, Mr. Obamaôs administration will be amenable to fund research and 

development and application of solar energy in homes, automobiles, and factories 

of the country in the coming years. 

 

During the past century, energy has been considered as crucial as the air 

we breathe and the water we drink and the crops we grow.  With the flip of the 

switch, we instantly turn darkness into light, make equipments run, transmit data, 

and communicate with anyone in the four corners of the globe. All these 

amenities tend to make us take energy for granted.   

 

Unfortunately, such long held assumptions have been recently shattered 

on false grounds, making local governments and businesses painfully realize to 

cope with a crisis escalating by the day.  The United States has no choice but to 

find alternative sources of energy. Given the advances in the technology and the 

dissemination of information to the public and politicians, the future of solar 

energy is exceedingly promising, especially for the Sunbelt states in the United 

States.  
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