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PREFACE 
 
Problems and conflicts related to natural resource use and management are on the rise 
throughout the United States because of growing competition for limited natural resources.  
Wildlife and people problems and conflicts provide good illustrations.  For example, both deer 
and people compete for limited land areas.  Deer need land for habitat and people need land for 
various economic purposes including roads.  With more and more people driving on roads 
through land areas that deer also use as habitat, inevitable conflicts arise in the form of 
automobile and deer accidents where both lose as discussed in the paper by Smathers, Smith and 
Wilkie in these proceedings.  Other conflicts between wildlife and people resulting from natural 
resource competition are discussed in these proceedings by Thomas and Stratis (boaters and 
manatees competing for limited water resources)  and Hanson (farmers and birds competing for 
limited land resources).  One way of keeping wildlife populations in check and perhaps reducing 
competition and conflicts between people and wildlife is hunting.  In the southeastern United 
States, private land lease hunting is a major recreational activity and tool for managing wildlife 
populations.  Characteristics of private industry hunt-lease programs in the southeast are 
discussed by Morrison, Marsinko, and Guynn in these proceedings.  The above papers are based 
on presentations made at a SERA-IEG workshop on wildlife economics and management held at 
Clemson University in May, 2001. 
 
From a broader perspective, competition over limited natural resources for economic and 
ecologic benefits puts a strain on both economies and ecosystems.  The paper by Bergstrom et al. 
in these proceedings based on a presentation at the 2001 Clemson University workshop describes 
issues and challenges related to managing and valuing watersheds for economic and ecologic 
purposes and benefits.   This paper provides a segway into a second set of papers in these 
proceedings that focus on linkages between economics and ecology which are based on 
presentations made at an earlier SERA-IEG workshop held at the University of Georgia in May, 
1994.  The first of these papers presents insights, remarks and calls to action related to the 
interface between ecology and economics made by the late “father of ecology”, Eugene Odum.  
Practical illustrations of the linkages and relationships between economic and ecologic systems 
are provided by Lohr and Houston and Elad in the case of agriculture, and by Kennedy, 
Smathers and Costa in the case of southern U.S. pine forests.   
 

The editors of these proceedings would like to first thank all of the authors who contributed 
papers, and their time and effort, to these proceedings.  We also gratefully acknowledge the 
financial support of the Farm Foundation, Southern Rural Development Center, Clemson 
Agricultural Experiment Station, Clemson Extension Service and Georgia Agricultural 
Experiment Station.  In memory of Eugene Odum and his lifelong passion and effort to integrate 
disciplines and people to solve environmental problems, we hope that these proceedings will in a 
small way stimulate further cross-disciplinary efforts to study and manage natural resources in 
ways that lead to both a healthy economy and environment now and in the future. 
 
Webb Smathers  John Bergstrom 
Clemson University  University of Georgia 
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The Cost of Manatee Protection: A Compensating Variation Approach to Lost Boating 
Opportunity in Florida 

 
Introduction 

 
 State and federal regulatory agencies responsible for environmental and natural resources 

encounter a fundamental problem of understanding the costs and benefits of their rules and 

policies. Economists have developed a number of approaches to valuing the costs and benefits 

associated with use of natural resources; these methods are typically categorized as stated 

preference and revealed preference methods. Stated preference models estimate resource values 

by using survey methods to directly ask users of the resources. Revealed preference approaches 

rely instead on observed or reported behavior to infer value. Revealed preference methods can 

also use surveys to collect information on costs incurred, trip destinations, trip frequencies, and 

the like.    

 Regulations by the state of Florida creating speed zones for boats in areas where 

manatees congregate provide an example of a regulatory action for which these methods may be 

used to estimate costs or benefits1. In 1978, Florida’s state legislature passed the Manatee 

Sanctuary Act to protect the endangered West Indian Manatee in the state’s waters.  Eleven years 

later, then Governor Bob Martinez and the Cabinet called for implementation of the Act by 

creation of speed limits in 13 coastal counties.  Boating speed limits in these areas typically 

require boaters to travel at very slow, or “no wake,” speeds.  

 These speed limits have been criticized by some recreational boaters and marine industry 

groups on the grounds that they necessitate more time and higher cost to complete a given 

recreational boating trip. The prohibition of boat use at higher speeds precludes activities like 

                         
1 The Florida counties with manatee protection speed zones are Brevard, Broward, Citrus, Collier, Dade, Duval, 
Indian River, Lee, Martin, Palm Beach, St. Lucie, Sarasota, and Volusia. 
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water skiing, making recreational boating a less enjoyable activity.  These criticisms are 

sometimes accompanied by predictions of redirected boating activity and reduced demand for 

boats and for related services, such as those provided by marinas.  Marina owners, in particular, 

sometimes express concern that the new speed zones will require lengthier, more time 

consuming trips for recreational boaters, reducing boat usage and demand for boats and marina 

space2. 

 Such concerns may seem reasonable: if recreational boating becomes more costly or time 

consuming, the demand for boating may decline, and a consequent decline in demand for 

associated services, such as those provided by marinas, might be expected.  But these potential 

outcomes hinge upon the reactions of recreational boaters, who, along with the manatees, are the 

ones directly affected by the speed zones.  How will recreational boating behavior respond to the 

imposition of these zones? 

 One such case is the current rule proceeding for Lee County, Florida, where a manatee 

speed zone rule was proposed by the state’s Department of Environmental Protection in 19943.  

Local boating and marina groups criticized the rule because it would, they said, impose 

substantial costs to their industries as recreational boaters substitute to other marinas, or even to 

other forms of recreation, in response to the new speed limits.  

 A regulatory agency may find it useful to estimate potential costs or benefits in an 

attempt to better understand the economic implications of a proposed rule. One approach would 

be to attempt a valuation of the expected benefits of manatee speed zones. Presumably, manatees 

would face reduced risk of collision and injury or death from boats and it is possible to estimate 

a dollar valuation of these benefits, perhaps by conducting a stated preference analysis which 

                         
2  Based on public comments from speed zone rule proceedings. 
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would show how people value the reduction in risk to manatees.4 

 One might also assess the costs of disruptions in recreational boating activity caused by 

the imposition of the speed zones. Boaters may incur costs by taking slower, longer trips or by 

selecting a different set of departure points and destinations. The purpose of this paper is to 

assess the response of recreational boaters to the imposition of the speed zones in Lee County, 

Florida.  

 This paper employs a nested logit random utility model (RUM) to estimate compensating 

variation for redistribution of boating effort as a result of the rule5. Reliable estimates of 

compensating variation can provide regulatory agencies with more complete information 

regarding the economic implications of their rules, and may help in designing more effective 

rules. 

Random Utility/Nested Logit 

 The random utility model (RUM) is well suited to model demand for access to recreation 

sites, especially when the user has several identifiable substitute sites to choose from.  Bockstael, 

Hanemann, and Strand (1989); Milon (1988); Morey, Rowe, and Watson (1993) and Greene, 

Moss, and Spreen (1997) have applied the RUM to sport or recreational fishing. To the authors’ 

knowledge, this paper is the first to apply the RUM to recreational boating. The theoretical 

details of the model have been discussed in detail in the references noted above, and Morey 

(1994) also provides an excellent discussion of the theoretical underpinnings of the RUM.  

 As is often the case with environmental and natural resources, there is no direct charge to 

recreational boaters for access to Lee County’s waters. Boaters do, of course, incur related costs, 

                                                                               
3 As of the writing of this draft (October 1999) the Lee County rule proceeding had not yet been     completed, and 
the rule had not yet been adopted. 
4  See Bell & Bendle, 1995 
5 The rule proposes slow-speed areas in many heavily traveled areas in Lee County waters. 
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which can be substantial - the purchase of a boat, licensing and registration, operation and 

maintenance costs, the costs of mooring the boat or of travel to the site, and the opportunity cost 

of time, to name the most obvious.  Travel cost data collected for registered boaters in Lee and 

neighboring Charlotte Counties provide a base for estimation of demand for recreational boating 

in Lee County; the RUM is then used to estimate boaters’ probabilities of selecting departure and 

destination points before and after the imposition of the speed zones. Any change in departure or 

destination might then be used to make inferences regarding redirection of boating effort away 

from the speed zones to unregulated areas6.         

 The RUM models the selection of a particular recreational site based on its distinguishing 

characteristics, so that the choice maximizes utility. The RUM estimates probabilities of each 

boater going to each site, using information on site and demographic characteristics, travel cost, 

and opportunity cost of time. The model is typically expressed as: 

 

(1)    Uijk = Vijk(TCijk, Xj, Zk) + eijk ,     

 

where Uijk represents the utility realized by individual i selecting launch point j and destination 

k; Vijk  represents the characteristics and determinants of choice observable and known to the 

analyst; TCi j k, ,  is the travel cost for person i to use boat launch j to visit boating site k; X j is a 

vector of launch point characteristics; Zk  is a vector of boating site characteristics and eijk , those 

that are not observable. 

 The model estimates the probability that individual i will select site j (Morey, 1994): 

 

                         
6 Lee County already has various rules and zones; in this paper “unregulated” means an area    
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 (2)   Pijk = exp( ), ,Vi j k / 
j

m

i j k
k

n

v∑ ∑ exp( ), ,       

   

 The multinomial logit form of the RUM sets up a decision sequence in which a boater 

decides which of the available launch points to use, depending on the choice of destination.    

 The RUM models a decision sequence beginning with the boater selecting a launch point 

and then a destination site.  A boater in Lee County will have to decide whether the lower speed 

limits will disrupt his trip, and, if so, whether he should choose another, unzoned destination.  

An analysis would thus require an estimated distribution of boating trips with and without the 

speed zones.  Holding all other variables constant, the inference can be made that any 

redistribution of trips after the zones are in place must be due to the costs imposed by the 

presence of the zones.  These costs may be travel expenditures resulting from longer boating 

distances or suboptimal boating operation due to lower speeds; they may also include 

opportunity costs of time and expenditures associated with selecting, and then traveling to, a 

different destination or launch point.     

The Model 

 While policy makers are interested in all boating related recreation, the model will focus 

on a specific category of boating accessibility.  Treating each accessibility category separately 

will allow for more model specificity.  These categories are assigned based upon a boater’s 

response to a series of residence and boat storage questions.  The first category of boating 

accessibility includes boaters that reside along navigable waterways and keep their boats in front 

of adjacent private docks.  The second category is composed of boaters that store their boats in 

either wet or dry storage at private marinas with easy access to navigable waters.  The last 

                                                                               
 not affected by the proposed rule. 
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category of boaters, and numerically the largest, store their boats at home on trailers, permitting 

them access to the widely dispersed public and private ramps located throughout the two county 

region.  The focus of this effort is the last category.  In a further refinement based upon boating 

behavior, only those who have an undetermined trip purpose or participated in activities such as 

water skiing, swimming or sightseeing are modeled. Those who consider fishing to be the 

principal purpose of their boating trip are not considered in this model. 

It will be assumed that boaters start their recreational experience when they leave the 

launch point (boat ramp or marina) in their boat.  Unlike anglers who would likely consider 

travel from the launch point to the preferred fishing site as an expense, the recreational boater is 

assumed to consider the entire trip a part of their purchased recreational service.  Additionally, 

unlike a participation-model that assumes the first choice is one of boating participation (Greene 

et. al., 1997; Morey et.al. 1991), the model assumes that individuals have already made the 

participation decision and now face choices between potential substitute experiences offered by 

different launch point/boating site combinations.  Using a nested multinomial logit (MNL) 

format, the underlying decision tree assumes that participants must first select the boat launch 

point, and then, based upon this launch point choice, select a boating site destination.  Although 

other nesting structures are possible, this approach provides a good fit for the data, and has 

reasonable intuitive appeal in describing the decision process likely taken by boaters in choosing 

their boating trip.  Because of the abundant waterways and well-developed road system, it is 

assumed that every destination boating site is reachable from every launch point, which in turn 

are accessible to every city of origin, resulting in a balanced nested decision structure.   

 To empirically test the model, primary data were collected by the Florida Department of 

Environmental Protection (FDEP) in 1998 as part of a larger study to determine boating behavior 



 

 13

and expenditure patterns in the area of Lee and Charlotte counties Florida.  A total of 2,698 of the 

approximately 51,0007 licensed pleasure boat owners were randomly sampled by mail and asked a 

series of questions concerning their most recent boating trip to establish their boat related activities, 

area(s) of these activities and their frequency of participation.  Additionally, some key demographic 

information was collected as well, such as income, gender and party size.  Of the boat owners 

surveyed, 197 surveys were returned as undeliverable and 1,175 usable surveys were returned, 

providing a 47% response rate.  A subset of the responses, only those categorized as general boater’s 

with valid responses to key origin/destination questions, was used, resulting in a final data set of 188 

respondents.  See Appendix A for an example of the survey instrument.  

The nested MNL is estimated as a full-information maximum likelihood model (FIML) 

and includes variables on site destination characteristics, and demographic characteristics. The 

model calculates probabilities of going to one of the site destinations in the choice set, given that 

the boater has decided to make a trip.   From equation 2, the random utility function computes 

the probability that boater i will use boat launch j to visit destination site k (see equation 2). 

 

(3)  P f TC X Zi j k i j k j k, , , ,( , , )= ,     

 

The travel variable TCi j k, ,  is a function of the two distinct trip cost components; the direct costs 

to operate the boat and automobile, and the cost of time.  The operating costs for boats and 

automobiles can be divided into the drive from the boater’s origin to the boat launch-point and 

the boat ride from the launch-point to the destination site.  The highway distance in statute miles 

between the boater’s origin and all potential launch sites within the two county study area was 

                         
7 Boat registration data source: Florida Department of Highway safety and Motor Vehicles. 
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calculated using computer-mapping software8.  The boating distances between the launch site, 

destination site, and all possible substitute destinations were calculated using nautical charts to 

determine the shortest navigable distance in statute miles.   

 Driving costs are calculated by taking the calculated round trip distance from the boater's 

home to the launch point and multiplying by the 1998 American Automobile Association (AAA) 

estimated variable cost per statute mile of $0.25.  Variable boating costs largely depend upon gas 

consumption, a function of boat length.  Table 1.  lists the estimated costs per statue mile by boat 

size.  Sailboats were assigned a cost of $0.20 per mile.  Per mile boating costs are considered 

approximations and compiled from several boating magazines, interviews with marinas and 

other boating experts. 

The cost of time is theoretically more difficult to resolve (Randall, 1994).   Some 

previous studies have ignored it all together.  Other studies have arbitrarily assigned a fraction of 

the marginal wage rate (Swanson, et. al., 1989).  McConnell, et. al., (1992) assigned time as a 

parameter directly and avoided the marginal wage rate issue entirely.  For this model, the 

marginal wage rate will be assigned as the opportunity cost of time when it can be clearly 

established that the individual could have actually earned this wage in lieu of boating.  For all 

other boaters, the value of time will be assigned an approximate minimum wage rate ($5.00 per 

hour) as a lower bound on the opportunity cost of time.  Because time spent boating is part of the 

recreational experience, only driving time will be assigned a marginal cost9. 

 

Table 1. 

Boating cost by boat size class. 

                         
8 The mapping/distance software Hiways and Byways was used to calculate all land distances. 
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Power Boat 

Size (feet)  Variable Operating Cost (dollars) per Statue Mile   

   < 15     .10 

16 - 20     .15 

21 - 25     .20  

26 - 30     .25 

31 - 35     .30 

36 - 40     .35 

41 - 45     .45 

46 - 50     .50 

  > 50     .75 

_______________________________________________________________ 

 

 

                                                                               
9 Phagan (1995) and Freeman (1993) discuss factors that may bias time cost estimates. 
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Table 2.  

Explanatory variable names and definitions 

 

 

Variable Definition        

Cost3 Total variable cost of trip, including AAA rate of $0.25 per mile for driving expenses, boat-

size dependant rate per mile of boating (see table 1), marginal wage rate for those 

boaters forgoing actual income opportunities during the trip, and $5.00/hour 

opportunity cost for all others.  

DAMAGED Ordinal scale date representing proportion of boating area with damaged sea grass. 

MAJOR Dummy variable for major channels (1 if major channel, 0 otherwise). 

RIVER Dummy variable for river (1 if located in river, 0 otherwise). 

BARRIER Dummy variable for adjacent to barrier island (1 if adjacent to barrier island, 0 

otherwise). 
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The explanatory variables are presented in table 2.  Referring back to equations 1 through 3, the  

utility function for the jth launch point can be represented as 

 

(4)  V I ej j j= +τ         

where 

  (5) I ej
TC DAMAGED MAJOR RIVER BARRIER

k

j k= + + + +

=
∑log( )β β β β β2 3 4 5

1

37

    

 

The variable I represents the inclusive value, a measure of the expected utility of a set of 

choice alternatives, in this case launch point choice alternatives. It should have a value between 

0 and 1. If it is equal to 1, the choice alternatives based on launch points add nothing to our 

understanding of the decision process or the IIA assumption holds. If it is in the zero to one 

interval, the independence of irrelevant alternatives (IIA) assumption doesn’t hold.  

 Policy makers wish to determine the welfare change to boaters by imposing a speed limit 

in 19 of the 37 possible destination sites.  Because this is  a policy imposed upon boaters, policy 

makers desired to err on the conservative side by directing any bias toward over-stating the 

affects of the policy.  This is accomplished by assuming that the speed limits will effectively 

close these 19 sites to boating.  The measure of welfare loss follows the earlier work of Small 

and Rosen (1982) and Morey (1994).  The post-policy welfare can then be calculated as 

compensating variation, 

 

(6)  CV e eV

k

V

k

perpolicy post policy= − −










= =
∑ ∑1

1 1

37

1

18

β
ln ln     
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where Vprepolicy is the utility derived from the pre-policy, all 37 sites available, and  

Vpostpolicy is the utility derived from the subset of 18 sites following the imposition of the 

speed limit and β 1  is the parameter for travel cost that represents the marginal value of money.  

Results 

 The model produces the following result: 

    

 Y = -.127Cost3 + .507Damaged +.882Major +.907River+.735Barrier; 

        (-6.04)       (2.70)                  (4.70)        (3.82)         (3.92); 

 

    inclusive value = .978 

. 

 The cost variable, Cost3, includes the opportunity cost of time as well as the cost of 

travel, and carries the expected negative sign. The presence of damaged seagrasses, major 

channels, rivers, and barrier islands also appear to be characteristics that attract boaters. The 

presence of major channels as an explanatory variable might be expected, since they allow 

boaters to travel at higher speeds and follow direct paths to the site destination. Many of the 

destinations identified by the survey respondents are in proximity to the Caloosahatchee River, 

probably explaining the presence and significance of that variable; and the barrier islands 

variable probably appears for the same reason.  The inclusive value of .978 is close enough to 

unity to suggest that the choices provided by the launching points in the nesting construction add 

little expected utility. Thus the nesting structure may not be necessary in this model. 

 As for destinations, the results generally indicate a redistribution of trips away from Pine 
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Island Sound and Estero Bay for recreational boating. North Matlacha and San Carlos Bay, both gain 

shares of trips. 

 The results of the boating model indicate that travel cost (both road travel to the launch 

point and water travel from the launch point to the fishing destination), opportunity cost of time 

(for example, lost wages due to missed work), the presence of seagrass and channels, and 

proximity to barrier islands all contribute to the probability of selecting a fishing or boating 

destination.  The 37 destination sites are combined into 12 groups based upon their location and 

policy management concerns.  The actual combined sites visitation rates and both the pre- and 

post- policy model predictions are listed in table Table 3.   

 Column (1) of Table 3 shows the reported visitation rates for each combined site, based 

on survey responses. Column (2) shows the model’s prediction of pre-policy (before the 

proposed speed zones go into effect) visitation rates, and the post-policy (after the zones are in 

place) predicted probabilities of visitation to each combined site are reported in Column (3).    

 The actual distribution of trips to various destinations comes from information provided 

by respondents in the boating survey. The model estimates the actual launch and destinations of 

each boater for each trip, producing an estimation of visitation at each destination, before the 

imposition of zones. Since recreational boating is assumed to be impractical at 5 mph, zoned 

areas will not be used by boaters as destinations (although boaters will in some cases pass  

through zoned areas on their way to unregulated destinations) effectively reducing the number of 

destinations and launch points available to boaters after the zones are posted. The model then 

calculates the probabilities of going from a given launch point to a given destination in the 

presence of the zones, producing an estimate of the incidence of travel to and from particular 

areas, both with and without the zones. The difference between the two provides an estimate of 
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the degree to which recreational boating is disrupted by the zones.    
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Table 3 

 

Reported Visit Proportions and Predicted Probabilities 

 

      

        (1)         (2)      (3)  

     Actual  Pre-Policy Post-Policy 

 Combined Sites   Visit (%)     Visit prediction Visit prediction  

1 North Pine Island Sound  .19  .19  .15  

2. Middle Pine Island Sound  .15  .18  .10  

3. South Pine Island Sound  .07  .06  .02 

4. North Matlacha   .02  .03  .05 

5. South Matlacha   .01  .02  .00 

6. San Carlos Bay   .09  .12  .21 

7. Lower Caloosahatchee  .05  .05  .09 

8. Upper Caloosahatchee  .16  .13  .23 

9. Ft Myers Beach   .05  .05  .01 

10. N. Estero Bay   .05  .06  .01 

11. S. Estero Bay   .07  .05  .03 

12. Gulf of Mexico   .09  .05  .09 
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 The model estimates the selection of launch point and destination, before and after the 

imposition of the zones and is based upon those respondents who identified themselves as 

general boaters.  Using equation 6, a compensating variation of $4.52 for boaters is calculated. 

This figure represents the minimum dollar amount per trip necessary to compensate a boater for 

reducing the choices of boating areas from 37 to 19.  It may also be interpreted as the amount 

that must be given to a boater to compensate for the quality change introduced by the imposition 

of the speed zone.  To calculate the total annual loss for the typical boater, one must know the 

average number of trips taken annually by boaters. The survey revealed boaters taking an 

average of 52.8 trips for 1996, producing an annual estimate of $238.66 per boater to 

compensate for the loss in site quality brought about by the new speed zones.    

Summary and Conclusions 

 The model demonstrates some redistribution of recreational boating trips. The most 

popular launch points in the absence of the zones (based on the results of the survey) are the Pine 

Island Sound locations, San Carlos Bay, the Upper Caloosahatchee River, and the Gulf of 

Mexico. With zones in place, all three Pine Island Sound destinations and North and South 

Estero Bays all lose some share of total trips. North Matlacha Pass, San Carlos Bay, and both 

upper and lower reaches of the Caloosahatchee River gain shares.  The model’s predicted 

relocation of sites and redistribution of boating effort is consistent with the proposed location of 

the speed zones, and may be the result of costs imposed upon boaters. 

 However, one must not overlook the upward bias by design. The model operates under 

the assumption that the 19 zoned destinations are shunned by recreational boaters entirely; in 

fact it is much more likely that some recreational boaters will continue to use the areas. The 

model also does not account for the fact that many of the zones will be in effect for only March 
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through November.    

 Returning to the broader issue of costs and benefits, the model’s revelation of costs to 

boaters does not necessarily mean that the zones should not be put into place, because the 

benefits of the rule may justify such a cost. 

The model does, however, produce an estimate of those costs, and its results provide regulatory 

officials in Florida with an indication of the costs to boaters of the proposed rule. 
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 Leasing hunting rights on industry owned timberlands is becoming more prevalent in 

the United States as opportunities for quality hunting experiences decrease, and benefits of such 

programs become apparent to hunters and landowners (Marsinko and others 1992). Hunt-leases 

provide consistent annual revenues not found through timber harvest, improve access control, and 

create public relations opportunities with sportsmen.  This study, which is the fourth in a series of 

similar surveys of forest industry hunt-lease programs, describes leasing for the 1999 calendar year. 

The previous three studies gathered data for 1984, 1989, and 1994, respectively (Busch and Guynn 

(1987), Stuckey and others (1992), and Marsinko and others (1998)). This study evaluates selected 

characteristics of forest industry hunt-lease programs in the southern United States and assesses 

changes and trends for the previous five years (1994-1999). 

Methods 

A modified version of a mail questionnaire that was previously developed for similar surveys 

by Busch and Guynn (1987), Stuckey and others (1992), and Marsinko and others (1998) was mailed 

to wildlife biologists and hunt lease administrators of various forest industry firms in 11 southern 

states. Sixty questionnaires were mailed and 38 were returned, yielding an overall response rate of 

63.3%. Thirty-four of these questionnaires were usable, yielding a final response rate of 56.7%. Like 

those used in previous surveys, this questionnaire was designed to assess a variety of topics 

associated with hunt-lease programs on forest industry timberlands in the southern United States, 

including average lease fees, total land base for leasing, different types of lands, problems created 

from leasing, values derived from leasing, and general trends in lease programs over the past five 

years (1994-1999). Data were analyzed by state where appropriate and all results pertaining to area 

are weighted by acres unless otherwise noted. If fewer than three firms provided data for a state, that 

state was placed in a category labeled “other”.  The “other” category also includes data for 
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combinations of states (some firms do not consider state boundaries in their operational areas and 

therefore, provide data for combinations of usually two states). 

Results 

Respondents owned 14,840,949 acres of land consisting of pine plantations (51.9%), mixed 

natural stands (29.1% - these stands contain a mixture of species types and are not plantations), and 

hardwood stands (17.6%) (unweighted). The percentage of land leased to hunt clubs and individuals 

was 76.6%. This represented a large increase from the 64.5% previously reported by Marsinko and 

others (1998). The percentage of land leased to state wildlife management areas (WMA) was 7.1%, a 

slight decrease from the 9.4% reported by Marsinko and others (1998). Both of these changes 

indicate a likely transfer of leased lands from the public sector towards the private sector. A 

reallocation of lands toward hunt clubs and individuals may be due to the higher annual lease fees, 

higher total revenues, and increased control of lands that are found in the private sector.  

Responding forest industry firms leased 11,368,109 acres to both hunt clubs and individuals 

(Table 1). The average annual lease fee of these private sector lease programs was $3.92 per acre, a 

42% increase over the $2.76 fee previously reported by Marsinko and others (1998). Per acre lease 

fees ranged from $2.61 in Arkansas to $4.89 in South Carolina. The percentage of land leased 

ranged from 43.7% in Tennessee to 95.1% in Mississippi. In 1999, respondents collected nearly $45 

million in revenues generated from private sector leasing programs. When grouped together, 

Alabama, Florida, Georgia, Mississippi, and South Carolina accounted for almost 3/4 of these 

revenues. Hunt clubs occupied 91.1% of the leased land from these private sector leasing programs, 

while individuals occupied only 8.9%. Only 1,049,642 acres (7.1%) were leased to the public sector 

(e.g. WMA programs) at an average annual lease fee of $1.37 per acre. 
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Table 1 -- Summary of forest industry lands leased to the private sector (hunt clubs and 
individuals) in the southern United States (1999) 
______________________________________________________________________________ 
  Average Fee Acres  Acres  Total Lease  Percent 
State   ($/ac.) Owned  Leased  Revenue ($)  Leased 
______________________________________________________________________________ 
 
AL   4.69 2,326,436 1,946,980 9,131,336.20  83.7 
AR   2.61 1,411,316 1,111,615 2,901,315.15  78.8 
FL   3.50 2,907,018 2,358,718 8,255,513.00  81.0 
GA   4.47 1,442,518 1,200,339 5,365,515.33  83.2 
LA   3.65 1,072,143 882,649 3,221,668.85  82.3 
MS   4.86 1,207,631 1,148,616 5,582,273.76  95.1 
NC   3.20 801,000 762,240 2,439,168.00  95.0 
SC   4.89 927,287 863,663 4,223,312.07  93.1 
TN   3.04 312,477 136,589 415,230.56  43.7 
TX   2.85 720,726 600,300 1,710,855.00  83.0 
Other   3.53 1,712,397 356,400 1,285,092.00  21.0 
 
Total   3.92 14,840,949 11,368,109 44,531,279.92  76.6 
______________________________________________________________________________ 
 
 

More than half of the respondents (58.8%) made available new lands for leasing that were 

not leased in 1994. Firms indicated that these lands were not previously leased because (by rank 

from most to least important) of poor access control, small areas, undesirable habitats, absence of 

target wildlife species, first time offerings, and high prices. Respondents preferred annual, all game 

(65%) and/or multi-year, all game (32%) leasing arrangements (2 respondents preferred more than 1 

arrangement). 

Respondents used several methods to determine lease fees. Twenty-three respondents used 

lease fees on other lands, and 11 took corporate policy into consideration. Many firms used more 

than one method for lease fee determination. Ninety-one percent of respondents considered income 

from hunting leases in economic analysis and investment decisions.   
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Benefits of Leasing  

The main benefit derived from hunt-lease programs was the income that lease fees provide to 

landowners. Many of these industry landowners (88%) actively managed their lands to enhance 

wildlife. Firms managing for wildlife used a variety of techniques, including clearcut size limits of 

100 to 300 acres (76.7%), streamside management zones (83.3%), wildlife openings (73.3%), 

prescribed burning (66.7%), forest stands with age class diversity (76.7%), and retention of mast 

trees (70%). More than half (56.7%) of these firms employed a professional wildlife manager.   

 Hunt-lease programs often provided benefits other than revenues from lease fees. These 

benefits arose primarily from public relations and protection values. Protection benefits occur 

when hunt clubs and individuals act as an unpaid police force to limit trespassing on industrial 

lands and reduce property damage. Respondents were asked to use a representative fraction (e.g. 

2 times the lease value) to estimate the value of these benefits relative to income received from 

leases. Respondents leasing to hunt clubs and individuals placed a value of $1.86 per acre on 

public relations benefits and $3.33 per acre on protection benefits. Both of these values 

represented increases from Marsinko and others (1998) previously reported values of $1.78 per 

acre for public relations and $2.35 per acre for protection. The average annual lease fee for hunt 

clubs and individuals, including public relations and protection values, was $9.11 per acre. The 

total benefit obtained from leases to hunt clubs and individuals, including public relations and 

protection values, was $103,563,473. Most respondents expected protection values to increase in 

the future. 

One common approach to enhance benefits such as protection and public relations involves 

leasing lands to local residents. Nearly 88% of all respondents indicated that they consider the 
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residence of lessees in awarding hunting leases. Over half (56%) of these firms preferred to lease to 

local groups or individuals as opposed to nonresidents. Respondents targeted lessees through 

advertising and marketing methods that included word of mouth (88%) and local newspapers (21%). 

Other benefits from leasing were captured through nonhunting activities and from 

nonhunters. In an effort to examine these particular benefits, we asked respondents to identify 

changes that occurred in the use of areas leased to hunt clubs over the past five years (1994-1999). 

Thirty-nine percent of firms observed an increase in nonhunting activities by hunt clubs, whereas 

61% observed no changes in this category. Similarly, 36% of firms observed an increase in the 

amount of the year in which land was used, whereas 64% saw no changes in this category. No firms 

reported a decline in either of these categories. These increases were considerably less than increases 

in nonhunting activities (44%) and amount of year in which land was used (59%) reported by 

Marsinko and others (1998). These differences between the current responses and those reported by 

Marsinko and others (1998) may indicate a leveling off effect of the rise in land use changes on 

leased lands. Seventeen percent of the respondents reported an increase in nonhunters as members of 

hunt clubs. This is similar to the 16% reported by Marsinko and others (1998) and it may indicate a 

change in the makeup of hunt clubs. 

 

 
Conclusions 

Hunt-lease programs in the South are important to forest industries. Responding forest 

industry firms dedicated 83.7% of their total land base to some form of leasing program. Most of this 

land was leased to the private sector (hunt clubs and individuals), so firms may realize higher lease 

fees and revenues. Annual lease fees have increased since 1994, and landowners expect this trend to 
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continue in the future. As lease fees increase, revenue provided to landowners will increase as well. 

Many firms currently implement intensive wildlife management techniques on leased lands. In 

addition to revenue, hunt-leases provide protection and public relations values important to 

landowners. These values increased over the last five years (1994-1999), and are expected to 

increase in the future. Mergers and acquisitions over the past five years had a substantial impact on 

forest industry. These mergers and acquisitions revealed an industry trend towards fewer firms 

controlling more of the timberlands. These firms also will control more of the hunt-leases as well.    
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Impact of Double-crested Cormorant Depredation 
on the U.S. Farm-Raised Catfish Industry  

Introduction 

 Much is made of the many non-market values contributed by wildlife and the many forms 

of wildlife dependent recreation.  However, sometimes lost in the discussion of wildlife values 

and the importance of wildlife are the market and non-market costs resulting from wildlife 

damages to human enterprises.  Often these costs are significant direct costs incurred by 

management agencies and agribusinesses.  Additionally, successful management programs may 

lead to increasing wildlife populations or a species expanding its range into areas where, once 

native, its long absence may put it into competition with human use of natural resources.  In 

some cases these animals compete with agricultural production by either directly consuming 

important agriculture products, or indirectly competing for scarce resources necessary for 

agricultural production. 

 With the growing list of protected, rare and endangered species, human-wildlife 

interactions are increasingly leading to restricted human choices and behavior.  As some wildlife 

populations increase in response to human management and/or human altered habitat, their 

larger populations may lead to property loss, agricultural product loss, and human injury.  Direct 

conflicts between humans and bears, deer and moose are on the rise in many parts of the nation.  

Accidents are also on the rise.  Automobile collisions with several species of ungulates continue 

to cause millions of dollars worth of damage annually.  Bird and other wildlife collisions with 

aircraft have increased from 1,700 annual incidents in 1990 to 4,500 in 1999 (Schwabe et al., 

2002; Dolbeer, 2000).  Blackbirds cause millions of dollars worth of damage to newly planted 

and ripening rice annually in southeastern U.S. (Avery et al., 2000) and cranes are responsible 
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for large losses to mid-western grain producers (Blackwell et. al., 2001).  Piscivorous birds 

consume $25 million of farm-raised catfish annually, (Glahn et al., in press).   

In the context of human-wildlife interactions, this paper will provide a history of the 

double-crested cormorant (DCCO) and farm-raised catfish conflict in the delta region of 

Mississippi (Glahn et al., in press).  This paper will also evaluate APHIS wildlife service 

research, document depredation damage reduction costs, and analyze the effect of two catfish 

stocking densities in reducing DCCO-inflicted losses. 

The U.S. Farm-raised Catfish Industry and the Double-crested Cormorant Conflict 

U.S. Farm-raised Catfish Industry 

The highest valued sector of the U.S. aquaculture industry is that of the channel catfish, 

(Ictalurus punctatus).  This industry produced 597 million pounds in 2001, valued at $444 

million at the farm level.  Ninety-five percent of this value was produced in four south central 

states, namely Alabama, Arkansas, Louisiana, and Mississippi.  By far, the largest production 

acreage is located in the delta region of Mississippi, having 113,500 of the industry's 195,820 

acres.  The industry began in the mid-1960's and grew dramatically during the 1980's (Wellborn, 

1987).  In 1980, 137 million pounds was processed and by 1990 this quantity had increased to 

360 million pounds and by 2000 had increased to 594 million pounds. 

In July 2001, there were approximately 400 catfish operations in Mississippi and 1200 in 

the U.S. (NASS).  The delta region of Mississippi is an alluvial plain comprising an area of 

6,175 square miles where cotton, soybeans, corn, rice, and catfish are grown.  Though the region 

has been mostly drained for agricultural production, 10% of the original wetland habitat remains. 

 These areas are prime locations for breeding and wintering bird populations, including fish-
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eating DCCO birds. 

Large, shallow ponds ranging in depth from 3 to 6.5 feet characterize catfish cultivation 

in the delta (Tucker and Robinson, 1990). The average delta catfish farm has approximately 320 

acres of surface water area, with an average pond size ranging from 10 to 15 acres (Mott and 

Brunson, 1997).  Fry and fingerling ponds are stocked at extremely high densities, ranging from 

100,000 to 250,000 fish per acre, whereas grow-out ponds used to raise fish from fingerling to 

final harvest size are less densely stocked at 5,000 to 10,000 fish per acre (Tucker and Robinson, 

1990).  These final production ponds make up about 90% of all catfish ponds.  Higher densities 

make fish more vulnerable to bird predation and disease losses. 

There are two production systems used in commercial-scale production of catfish.  There 

is a "single-batch" cropping system, where one group of fingerlings is grown to marketable size 

(1.5 pounds) and then completely harvested.  The second method, which is most commonly used 

by farmers, is a "multiple-crop" or continuous cropping system that eliminates draining the pond 

at harvest (Tucker and Robinson, 1990). This technique involves repeated seining (3-6 times 

annually) with a mesh size that captures market-sized fish while allowing smaller fish to pass 

through and continue growing (Mott and Brunson, 1997).  Harvested fish are replaced with 

fingerlings or larger Astocker-size" fish.   This multiple cropping system provides a year-round 

flow of fish to processors and cash to producers, but has created a wider distribution of smaller 

fish that are vulnerable to bird predation. 

The Double-crested Cormorant 

While there are a number of piscivorous bird species, such as herons, egrets, and 

pelicans, the double-crested cormorant, DCCO (Phalacrocorax auritus), is most often cited by 
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catfish producers to be of serious concern (Wywialowski, 1999).  Each DCCO can consume 1 - 

1.5 pounds of catfish per day.  The birds not only eat catfish, but also affect production by 

injuring catfish, disrupting daily feeding, and damaging pond levee structures (Wywialowski, 

1999). Cormorants traditionally arrive in the Mississippi Delta in November and depart by mid-

April (Aderman and Hill, 1995). The wintering cormorants congregate at night in bald cypress 

(Taxodium distichum) or tupelo gum (Nyssa aquatica) trees that are typically over water in 

oxbow lakes and other naturally occurring wetlands in the Mississippi Delta (Aderman and Hill 

1995; Glahn et al., 1996).  From a number of active night roost sites, cormorants travel about 10 

miles to forage on catfish ponds and damage is concentrated on aquaculture ponds in close 

proximity to active roost sites (King et al., 1995).  Area wide damage occurs with frequent shifts 

in roosting activity that cause bird consumption of farm-raised catfish to be a widespread 

problem (King, 1996).  A food habits study of roosting cormorants in the Mississippi delta found 

catfish comprised 75% of the diet of cormorants roosting in close proximity to catfish ponds, 

while cormorants further away from the catfish ponds had diets composed of only 14% catfish 

(Glahn et al., 1995). 

Double-crested cormorants are migratory and protected by U.S. law and international 

migratory bird treaties.  Once low populations of DCCO's have rebounded to levels not seen in 

many decades.  In the 1980's, there was a large increase in the number of delta catfish acres put 

into production.  There was a correspondingly large increase in the number of cormorants 

spending the winter in the delta region of Mississippi (Glahn and Stickley, 1995).  Annual 

Christmas bird counts during the 1980's demonstrated the dramatic cormorant increases 

occurring (Glahn and Stickley; 1995, Jackson and Jackson, 1995).  The DCCO population 
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increases continued throughout the 1990's, when mid-winter DCCO counts doubled from 30,000 

birds in 1990 to 67,000 birds in 1998 (Glahn et al., 2000a).  Increases in DCCO wintering 

populations are clearly linked to the rapid recovery of the North American breeding populations 

that have increased over 1000% since 1970 (Dolbeer, 1991; Tyson et al., 1999). 

The DCCO population increase is due largely to the ban of DDT and other harmful 

pesticides and international migratory bird treaties, both circa 1972.  Additionally, this success 

can also be attributed to abundant food supplies found at the southern and northern ends of the 

DCCO flyway.  DCCO populations are not only causing significant damage to southern farm-

raised catfish production, but also to north central and northeastern U.S. commercial sport 

fishing industries and existing colonial bird habitats and populations (Glahn, Tobin and 

Blackwell, 2000b).  Present DCCO management strategies to harass birds away from 

aquaculture facilities have had limited success and increasing implementation costs due to ever 

increasing bird numbers.  Part of a long-term strategy to mitigate damages at the northern and 

southern ends of the migration flyway may lie in managing overall DCCO populations (Glahn et. 

al, in press). 

 

 

Measuring DCCO Depredation of Catfish 

Most catfish production ponds are drained every 8 to 12 years compared to the early 

industry days when ponds were drained for harvest each fall.  This development makes direct 

measurement of catfish losses in pond environments difficult and practically impossible to 

accurately attribute to one mortality cause.  The majority of catfish losses come from disease, 
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followed by bird predation.  The USDA Animal and Plant Health Inspection Service - Wildlife 

Services department, USDA/APHIS/WS, has a fully staffed operation in Mississippi to 

investigate DCCO-catfish interactions.  From their origination in the late 1980's, APHIS/WS has 

quantified catfish losses due to DCCO depredation through catfish producer surveys (Stickley 

and Andrews, 1989; Wywialowski, 1999); bio-energetic models (Glahn and Brugger, 1995); 

observational experiments (Besser, 1985; King et al., 1995; Mott et al., 1992; Stickley et al., 

1992); and controlled experiments with captive birds on catfish research ponds (Glahn, 

unpublished data). 

Mitigating wildlife damage losses requires using one or more of three basic strategies.  

For the DCCO-aquaculture interaction, the three basic strategies are to: 1) physically separate 

the cormorant from the catfish pond; 2) manage cormorants responsible for catfish damage; 

and/or 3) manage the catfish production system being impacted.  USDA/APHIS/WS has 

investigated the use of these strategies in connection with the farm-raised catfish industry and are 

summarized below. 

Physical separation 

Separating birds from catfish is an expensive proposition.  Because of the large 

aquaculture pond size, 10 - 15 acres, and the multitude of ponds on a farm, 50 to 500, the 

logistics of excluding DCCO's from the ponds with netting or overhead wires is problematic 

(Littauer et al., 1997; May and Bodenchuk, 1992).  Furthermore, existing pond levees of catfish 

ponds are too narrow to accommodate supporting structures needed to span long distances and 

they would probably be impractical due to their interference with continual harvesting strategies 

(Mott and Brunson, 1997).  Engineers have estimated labor and material costs to construct an 
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exclusion system over a 100-acre catfish farm at $1 million (Littauer et al., 1997), whereas 

original pond construction cost would only be $155,000 (Laughlin and Hanson, 2001). 

Frightening strategies 

Because exclusion techniques are practically impossible for large pond areas, cormorant 

predation control has focused on frightening strategies reinforced with lethal control 

(Wywialowski, 1999).  Such strategies employ a variety of noise-making and pyrotechnic 

devices and active patrols around the catfish farm to harass cormorants so they will fly to new 

locations beyond the farm.  These measures are widely used, but very little is known about their 

effectiveness in reducing cormorant predation.  Human effigies replaced by shooters in 

conjunction with 'harassment patrols' have been reported to effectively reduce DCCO numbers in 

the short-term, but cormorants can quickly return to ponds after being harassed or simply move 

from pond to pond on the same complex (Reinhold and Sloan, 1999). 

Using APHIS/WS recommended frightening procedures, a successful harassment 

program would be expensive to implement.  For a 500-acre catfish farm experiencing high 

cormorant pressure, a continuous harassment program would require one or more workers to 

patrol pond levees at a cost of approximately $20,000 per year (Littauer et al., 1997).  

Wywialowski (1999) reported Mississippi catfish producers spending $9,000 per year for 

cormorant damage control supplies.  Such efforts were analyzed to be economically reasonable 

as replacement costs for losses alone would be much greater than program costs (Stickley et al., 

1992).  However, this assumes harassment programs are effective and evidence suggests 

successful programs are likely to vary greatly and cormorants are reported to habituate to this 

harassment effort (Reinhold and Sloan, 1999). 
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Lethal enforcement 

Since 1998, catfish farmers have been allowed to shoot an unlimited number of 

cormorants under a depredation order issued by the U.S. Fish and Wildlife Service in March 

1998 (USDI-FWS, 1998).  Limited killing of birds has often been recommended to reinforce 

harassment patrols (Hess, 1994; Littauer et al., 1997; Mastrangelo et al., 1995), though the 

effectiveness of lethal shooting in reducing depredations is in question.  Having an unlimited 

take of cormorants would seem to imply that many cormorants would be killed, but it was found 

that shooting birds was a very inefficient endeavor with few birds being shot per man-hour of 

effort (Hess, 1994).  This was attributed to cormorants learning to avoid catfish farms where 

shooting was employed.  Lethal shooting of birds had the most success and impact on reducing 

catfish losses where farms were located close to cormorant roost sites. 

Roost Dispersal 

Nighttime DCCO roost harassment procedures were investigated by APHIS/WS to 

determine if they would reduce the number of cormorants in the vicinity of catfish ponds (Mott 

et al., 1992).  They found cormorants could be dispersed from roosts after several successive 

evenings of harassment with pyrotechnics.  Due to localized cormorant movements among 

roosting locations, it was suggested that all roosts would have to be harassed simultaneously for 

depredations in the area to be reduced overall.  APHIS/WS personnel and catfish farmers in the 

Mississippi delta region coordinated cormorant roost dispersal activities over a large geographic 

area where catfish ponds and cormorants were concentrated (Mott et al., 1998).  Results from the 

2-year study indicated that cormorants shifted their roosting activity away from the intensely 

harassed area to locations along the Mississippi River and away from catfish production areas 
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(Glahn et al., 1995). Cormorants in the vicinity of catfish ponds were reduced by approximately 

70% when compared to prior years with no coordinated harassment effort (Mott et al., 1998). 

Based on the costs of pyrotechnics and labor, the total costs of these programs were calculated to 

be $16,757 and $32,302 during the winters of 1993-94 and 1994-95, respectively. However, the 

average cost to each participating catfish producer was only $419 and $557 during the two 

respective winters.   Catfish producers participating in the harassment program reported 

spending less on on-farm harassment patrols, resulting in average annual savings of $1,406 and 

$3,217, or a 16 - 36% savings over annual on-farm harassment expenses. 

Cormorant roost dispersal programs continue to be carried out by APHIS Wildlife 

Services and catfish farmers in the Mississippi Delta, even though recent studies show these 

positive effects are temporary at best (Glahn et al., 2000).  There are logistical limitations to the 

spatial extent these efforts can be coordinated and effectively reduce cormorant damage.  

Additionally, there has been a doubling of the cormorant wintering population accompanied by a 

doubling of known roost sites (Glahn et al., 2000a).  Cormorants have searched out secondary 

roost sites that would not have been used prior to coordinated roost dispersal efforts. This has 

resulted in increased costs of program implementation just to maintain cormorant numbers at 

levels equaling those recorded before the start of roost harassment efforts (Glahn et al., 2000a). 

 

Effect of Increasing Catfish Stocking Practices 

  Farm-raised catfish management strategies have developed over time and represent 

technological innovations and better understanding of the pond production environment.  Much 

emphasis has been placed on understanding DCCO behavior and how to manage cormorant 
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populations and their distribution, but little attention has been paid to the effects of catfish 

culturing practices on mitigating predation losses.  Glahn (2000b) lists a number of possible 

production alternatives proposed by several researchers (Barlow and Bock, 1984; Moerbeek et 

al., 1987; Mott and Boyd, 1995).  Alternative catfish management suggestions have included 

reducing pond size, delaying fingerling stocking and reducing stocking rates. 

Implementation of these strategies has not occurred mainly because of the economic 

costs involved to the catfish farmer.  For example, reducing pond size would facilitate installing 

bird exclusion systems, but pond construction cost, a major capital expenditure, increases as 

pond size decreases (Tucker and Robinson, 1990). Although new ponds being built have 

generally decreased in size from 15 to 10 acres, there is no information to suggest that these 

might be small enough to make bird exclusion practical.  A second example is the proposed 

delay of fingerling stocking until late spring after cormorants leave (Glahn et al., 1995; Mott and 

Boyd, 1995; Mott and Brunson, 1997), but a delayed stocking is not compatible with the 

multiple-batch cropping system and may increase the risk of more devastating stress-related 

disease outbreaks that are prevalent at water temperatures later in the spring, not to mention the 

prolongation of cormorant wintering time in the Delta.

Although reducing stocking rates of fingerlings would seemingly reduce predator 

efficiency, it is counterintuitive to improving net returns (Glahn et al, in press). Engle and Kouka 

(1996) suggest that catfish yields must be increased to counteract flat catfish pricing. To increase 

yields the trend in the industry has been to increase stocking rates (CEAH, 1997), since the cost 

of fingerlings have remained relatively inexpensive (Engle and Kouka, 1996). This increase in 

stocking rates (up to 10,000 fish/acre for a food-size grow-out pond) has come despite research 
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suggesting that increased stocking did not necessarily result in an increase in net returns (Tucker 

et al., 1992). 

There is an inverse relationship between catfish fingerling stocking rates and fish growth. 

 An increased stocking rate results in a smaller individual fish over a given production period 

compared to ponds stocked at lower rates for the same time period.  Conversely, lower stocking 

rates will result in a larger individual fish for a given grow-out period.  An efficient producer 

wants to get fish stocked, grown and harvested as fast as possible to minimize mortality that 

reduces production.  An argument often put forth by critics of cormorant control strategies 

suggests that lowered stocking rates effected by increased bird predation actually help catfish 

farmers by providing larger fish at harvest.  While in a limited sense this is true, the greater point 

often missed is that total pounds of fish produced are less, which means fewer dollars to the 

farmer.  Figures 1 and 2 are examples of individual and total catfish production data, 

respectively, from 10 research ponds (provided by Dr. Meng Li, National Warmwater 

Aquaculture Center, Stoneville, Mississippi) plotted over a range of mortality.  As mortality 

increases in Figure 1, the density of fish in a pond decreases, allowing the remaining fish to grow 

larger.  But, as the mortality percentage increases, i.e., stocking density decreases, overall net 

production decreases (as would net returns), Figure 2.  The lower mortality range in Figure 2 

shows a much greater production than for the higher mortality range. 

It is the net production of market-sized fish that farmers are interested in and minimum 

catfish size is important, as processors will not take or will reduce the price paid for fish that are 

too small (or too large).  The minimum individual catfish size accepted by processors was 1.0 

pound in the early 1990's and has increased to 1.5 pounds today; and the maximum size 
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processors will accept is in the 3 to 4 lb range.  Thus, the balance between stocking rate, final 

harvest size and time in pond is a complex equation to master, especially in light of increasing 

cormorant populations and lack of effective bird control strategies.  If farmers in heavily 

populated cormorant regions continue to stock at higher rates, they will, in effect, be feeding the 

birds, and exacerbating the problem.  Increases in stocking rates accompanied by increases in 

feeding rates and pond aeration, have resulted in increased yields, but, intensification has come 

at the price of intensified problems with water quality, disease, and bird depredations (Engle and 

Kouka, 1996). 

Economic Thresholds of DCCO Predation to Catfish Production  

A captive bird cage-catfish pond study of DCCO depredation effects on catfish stocked at 

5,000 fingerlings per acre was conducted to confirm other research findings of DCCO’s impact 

on farm-raised catfish (Glahn and Dorr, 2002).  In their pond study, birds were allowed to 

predate on catfish for 10 days (equivalent to 200 DCCO days/acre depredation pressure) and 

afterwards fish were grown an additional 7.5 months.  Fish were then completely inventoried 

upon harvest, counting both numbers and biomass.  It was found that birds consumed 

approximately 7 catfish per DCCO per day resulting in a 30% fingerling loss (22,000 fish/acre) 

having a $2,200 replacement value.  The harvest biomass loss was only 20% less than in the 

control pond with no depredation.  The loss in harvest biomass was equivalent to 5,000 lb/acre 

valued at $10,500.  Thus, while the initial loss of fingerlings is relatively inexpensive to replace, 

the future harvest lost is five times greater.  This is important to note, because farmers do not 

replace stocked fish after bird depredations occur, as daily losses occur in small quantities and 

delivery of fingerlings are costly and usually delivered in large quantities.  With this knowledge 
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of lost production due to early bird depredation, delta-wide losses to DCCO depredation could 

approach $25 million annually, or five times the estimated replacement value of fingerlings 

(Glahn, et. al., in press). 

To examine the possible effects of higher stocking rates on cormorant predation, research 

pond production data (Dr. Meng Li, unpublished data) from nutrition studies where a range of 

recorded fingerling mortalities occurred was adapted to become DCCO-depredation mortalities. 

In Li's studies, catfish were stocked in a series of 0.01-acre ponds at either 7,500 fish/acre or 

10,000 fish/acre and inventoried at the end of the growing season. To adapt these data, it was 

assumed that cormorants were responsible for all observed fingerling mortalities recorded. 

Assuming that cormorants foraging at these ponds consumed 7 catfish fingerlings/bird/day, the 

number of cormorant-days/acre that these catfish mortalities represented were derived for use in 

modeling production and fingerling losses. The cormorant depredation pressure was then 

regressed against reported catfish production (lb/acre) in polynomial models that best fit the data 

in Figures 3 and 4. Using enterprise budgeting parameters, net returns were calculated for each 

stocking density over the DCCO mortality range.  

The 10,000 fish/acre stocking density yielded net returns with predation that were higher 

than the 7,500 fish/acre stocking density treatment.  However, several factors might reduce these 

net returns at a commercial scale. First, it was assumed that all fish harvested would be 

marketable.  In fact, many ponds in this experiment produced fish that averaged 0.75 lb/fish, 

which is below the marketable size and therefore would have to be maintained through part of 

the following growing season. The second factor is equating production parameters of research 

ponds to those of commercial-scale ponds.  Research ponds have higher production and lower 
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feed conversion ratios (i.e. less feed to produce a pound of fish) than commercial-scale ponds 

because there is more aeration per area and better feed dispersion at this smaller-scale research 

pond (Garrard et al., 1990).  Thus, these results may overstate the production quantity, but 

insights into the relationships are valuable. 

The shallow slopes of the relationships between simulated cormorant depredation and 

gross catfish production clearly suggests that cormorant depredation must reach a certain 

threshold before there are any significant effects on production and net returns, Figures 3 and 4.  

Factors contributing to this are varying degrees of unaccounted for fish mortality (Tucker et. al., 

1992) and compensatory growth of surviving fish.  Considering the relationship between 

simulated cormorant depredation and net returns at the 7,500 stocking density, there would be a 

$177 per acre net return with zero bird depredation, Figure 3.  The breakeven point, where net 

returns equaled $0, for cormorant predation at the 7,500 fish/acre stocking rate, would be at an 

estimated 265 cormorant-days/acre depredation pressure, which is an 11% mortality rate, Figure 

3.  For the 10,000 fish/acre stocking rate, net returns with no bird depredation would approach 

$1,450 per acre.  The breakeven point where net return equals $0 would be at approximately 

1,412 cormorant-days per acre or a 40% mortality rate.  The additional stocked fingerlings would 

have provided the food to supply birds with this quantity of fish and not reduced net production 

as much as for the lower 7,500 stocking density.  At any lower mortality percentage, net returns 

for the 10,000 stocking density would be positive, Figure 4. 

Clearly, farmers must do more than breakeven to stay in business, and examination of 

fluctuating market conditions has not been included here.  For instance, the above net return 

estimates used a weighted annual farm catfish price of $0.74/lb, whereas the June 2001 farm 
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price for catfish had fallen to $0.57/lb, giving an indication that controlling DCCO depredation 

alone does not insure profitability.  Although further data are needed to refine predation 

thresholds, the present data grossly defines cormorant activity patterns on catfish ponds that 

might be economically tolerable at these stocking rates. Considering the growth of cormorant 

populations in catfish production areas, this range of cormorant activity (and mortality) might 

well be exceeded, but further research is needed to document present cormorant activity patterns 

on catfish ponds.  Nevertheless, it seems apparent that higher catfish stocking rates are 

beneficial, but alone are not enough to completely mitigate the increasing effects of cormorant 

depredation on catfish returns.  However, combined with efforts to manage cormorant 

populations below these economic thresholds of depredation, the industry use of stocking 10,000 

fish/acre has to some degree alleviated profit losses due to bird depredation.  In the long run, 

increasing stocking rates above 10,000 fish per acre will be counterproductive.  At higher 

stocking densities, catfish would require longer grow-out periods that would increase exposure 

to disease and depredation and could lead to a situation of stocking to feed the cormorants and 

exacerbate the DCCO population expansion problem. 

Conclusions 

 Because of the negative effects of increasing DCCO populations and the limited efficacy 

of present damage management efforts, proposed strategies to manage DCCO-catfish conflicts 

have focused on reducing cormorant populations to biologically and socially acceptable levels 

(Reinhold and Sloan, 1999). To these ends, USDA/APHIS/WS has been working cooperatively 

with the U.S. Fish and Wildlife Service to develop management alternatives for a national 

management plan to address conflicts caused by increasing cormorant populations. Part of a 
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long-term strategy to mitigate damages at the northern and southern ends of the migration flyway 

may lie in managing overall DCCO populations.  Ultimately, the results of such a management 

program should be assessed from the standpoint of resource economics (Werner, in press), but at 

present little is known about the costs of such a program or what might be considered an 

economically or socially acceptable population level. 

 The effect of increasing catfish stocking rates on mitigating DCCO predation has been 

examined in this paper through the development of a DCCO-inflicted threshold level of mortality 

on catfish farmer returns analysis.  Observed catfish mortalities were regressed against catfish 

harvest weight and resulting equations were transformed into a continuous net return function 

over a wide mortality range.  While this method and results does not provide conclusive 

evidence, it is clear that increasing DCCO population numbers will increasingly consume more 

farm-raised catfish and increases in catfish stocking rates alone cannot mitigate DCCO damage 

to acceptable economic levels to the catfish farmer. 
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Figure 1.  Individual fish weight, lb/fish, plotted over a range of mortality.  Fingerling stocking 
rate was 7,500 fingerlings per acre (production data provided by Dr. Meng Li, National 
Warmwater Aquaculture Center, Stoneville, Mississippi). 
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Figure 2.  Net catfish production, lb/acre, plotted over a range of mortality.  Fingerling stocking 
rate was 7,500 fingerlings per acre (provided by Dr. Meng Li, National Warmwater Aquaculture 
Center, Stoneville, Mississippi). 
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Figure 3. The relationship between simulated cormorant predation (cormorant-days/acre) and 
gross catfish production (lb/acre) and net returns ($/acre) from catfish production at research 
ponds stocked with 7,500 fish/acre (Li, unpublished data). Cormorant-days/acre was calculated 
from observed mortalities assuming that cormorants remove 7 catfish/bird/day. 

Cormorant Predation Effect on Catfish
Production and Net Returns

(7,500 fish/acre stocking rate)

-6,000
-4,000
-2,000

0
2,000
4,000
6,000
8,000

10,000

0
13

2
26

5
39

8
53

0
66

2
79

5
92

7
10

60
11

92
13

24
14

56
15

88
17

21

Cormorant Days of Predation 

G
ro

ss
 

Pr
od

uc
tio

n 
(lb

/a
cr

e)

-1500
-1000
-500
0
500
1000
1500
2000

N
et

 R
et

ur
ns

 ($
/a

cr
e)

Gross Production, lb/ac     Net Returns, $/acre



 
 

 59 
 
 

 

Figure 4. The relationship between simulated cormorant predation (cormorant-days/acre) and 
gross catfish production (lb/acre) and net returns ($/acre) from catfish production at research 
ponds stocked with 10,000 fish/acre (Li, unpublished data). Cormorant-days/ha was calculated 
from observed mortalities assuming that cormorants remove 7 catfish/bird/day. 
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Introduction 
 
 

Deer-vehicle collisions have become a serious problem in South Carolina as well as 

throughout the country.  Estimates of the number of accidents occurring annually in the U.S. fall 

between 500,000 and 750,000 (Conover et al. 1995).  Cook and Daggett (1995) approximate the 

annual cost of deer/vehicle collisions in property damage and human injury to be $1.2 billion per 

year nationwide.  These estimates only indicate the number of accidents reported; the real number 

could be much greater.  The South Carolina Department of Natural Resources (SCDNR) reported 

South Carolina’s deer herd to be 1.0 million strong in 1996.  Deer/vehicle accidents causing at least 

$400 property damage in that year numbered 5,904.  These accidents averaged $1,700 in property 

damage per vehicle, according to the South Carolina Insurance News Service.  Considering these 

numbers, it is obvious that deer-vehicle collisions are a very real and important problem for the state 

of South Carolina. 

The South Carolina Department of Transportation (SCDOT) was aware of the increasing 

magnitude of accidents and decided to fund research aimed at determining where these accidents are 

most likely to occur, with the objective of identifying mechanisms to reduce the total number of 

occurrences.  This is part of a continuing effort of the SCDOT to make the highways safer for South 

Carolina residents.  The research endeavor was initiated with an advisory committee meeting 

attended by individuals from SCDOT, Clemson University, and South Carolina’s Department of 

Natural Resources.  The long-term objective of the project is to find economically feasible methods 

to reduce the number of accidents caused by deer in South Carolina. 

The SCDOT provided SC Highway Patrol data for the reported deer/vehicle collision sites 
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for the years 1995 and 1998.  For an accident to be reported in 1995, it had to cause an estimated 

$400 property damage to the vehicle involved.  In 1998 however, accidents had to cause an 

estimated $1000 property damage in order to be reported.  This resulted in more accidents being 

reported in 1995 than 1998 although the total number of accidents likely increased.  This data is in 

hard-copy spreadsheet form stating where the accident occurred, the time of day, date of the 

accident, road conditions (wet or dry), and if there was a fatality involved, injury inflicted to the 

passengers, or property damage only.  The spreadsheets are categorized according to the roads on 

which the accidents occurred, and include data for all forty-six counties in South Carolina.  Future 

data analysis of any type of accident site would be greatly facilitated and have greater accuracy if SC 

State Highway Patrol would adopt a GPS reporting system.  Twelve counties were selected as a 

representative sample of the state. The first objective was to plot the deer/vehicle accident sites on 

maps of the twelve selected counties, and identify clusters or “hot spots” (locations where many 

accidents occurred in the same area).  These are the areas where preventative measures are needed 

the most and are most likely to succeed.    

Originally these accidents were plotted on hard-copy county road maps with stickers 

displaying a unique number for each accident.  This helped identify the magnitude and 

dispersion of accidents.  The Census Bureau web site was then identified and digital data was 

downloaded on the county level.  The 1995 TIGER files were used to illustrate selected county 

maps of the deer/vehicle collisions (US Census Bureau 1990).  A list of the GIS layers used and 

a brief description of each follows. (For general reference to GIS theory and terminology see 

DeMers, 2000). 

 



 
 

 63 
 
 

♦ County Layer – This is a polygon feature of the county boundaries. 

♦ Rivers and Streams Layer – This is a line feature of the rivers and streams in each selected 

county.    

♦ Water Bodies Layer – This is a polygon feature showing all lakes, the ocean, and large 

ponds.  

♦ Roads Layer – This is a line feature showing the roads in the counties. 

 

The maps created with these data layers were used to identify clusters of accident sites.  These 

clusters could then be analyzed for similarities.  If a common trend existed between many of 

these cluster locations, predictions could be made about where possible problem areas may be in 

the future in both sample and non-sample counties. 

 

Review of the Literature 

An externality is defined as the case where the activity of one agent affects the utility or 

production of another agent in a manner not reflected in the marketplace (Just, Hueth, and 

Schmitz, 1982).  Externalities can be both positive and negative.  Thus, one agent can benefit 

from the activities of another agent, or one agent can be harmed by the activities of another 

agent.  A commonly used example of a positive externality is from J. E. Meade (1952).  An 

apple grower and a beekeeper are located in the same region, and they provide positive 

externalities for one another.  The bees feed on the apple blossoms, so the beekeeper receives a 

benefit from the apple producer.  At the same time, the bees pollinate the apple trees, so the 

apple grower receives a benefit from the beekeeper.  Since neither producer is likely to lower the 

price of his product as a result of the benefits received, there is no reflection in the marketplace.   

 In the Graph 1.1, located in Appendix 1, marginal private cost is the cost incurred by a 
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firm in the production of its output.  Economic theory suggests this is the supply function of the 

firm’s output.  In the case of an externality, there is a marginal external cost function associated 

with every unit of output.  The producer does not account for this cost in his production strategy, 

so the optimal quantity of output occurs where marginal private cost is equal to demand, or at 

quantity Q0.  The cost of production to society must account for the marginal external cost.  This 

leads to the calculation of a marginal social cost function, which is equal to the vertical 

summation of the marginal private and external cost functions.  The socially optimal quantity of 

output occurs where the marginal social cost function is equal to demand (quantity Q* in graph 

1.1).  It is important to note the optimal private quantity of output is greater than the socially 

optimal quantity of output.   

 Putting things into the context of our problem with deer/vehicle collisions, the horizontal 

axis of the graph represents number of deer.  The graph shows that the socially optimal number 

of deer (taking into account the external costs they produce) is less than the private optimal 

number of deer (not taking into account the external costs they produce).  Externalities caused by 

deer are not limited to deer/vehicle accidents.  This marginal external cost function consists of 

other externalities such as crop damage and ornamental shrub degradation.  Our focus is on one 

part of the external cost function (automobile accidents caused by deer), but it is important to 

note that other factors need to be considered in the estimation of the function.  Deer also provide 

significant positive benefits not explicitly included here. 

 Following the “Coase Theorem,” property rights can be assigned to create a market for 

the externality (Just et al. 1982).  In a case of pollution, if the polluter has the property rights, the 

pollutees would pay the polluter to reduce his production to the socially optimal level of output, 
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reducing the externality.  By subtracting marginal private cost from the demand for output in 

graph 1.1, the demand minus marginal private cost curve (D-MPC) intersects the horizontal axis 

at Q0 in graph 1.2.  This is the level of output produced with no consideration for the external 

costs.  The socially optimal level of output is located where this curve intersects the marginal 

external cost function.  Strictly following Coase, at Q0, the pollutees are suffering an externality 

cost higher than P*, and will pay the polluters area (C+D) to reduce output to Q* (Just et al. 

1982).  If the pollutees owned the property rights, the polluters would pay area (A+B) to be able 

to produce Q* units of output.   

In the case of deer/vehicle collisions, the people who benefit from deer could be given 

the property right to maintain a deer population.  Continuing to follow Coase, the people 

suffering the external costs as a result of deer behavior would be willing to pay the individuals 

who benefit from deer area (C+D) to reduce the deer population to Q* (the socially optimal 

number of deer).  However, people suffering these external costs are not willing to pay area 

(C+D) because deer are a public good in our society. 

Public goods are those goods whose consumption by one individual does not prevent its 

consumption by another.  Public goods are also non-excludable due to the lack of private price 

enforcement (Just et al. 1982).  Clean air can serve as an example.  Everyone in a given 

geographic location benefits from clean air, even those individuals who do not pay for it.  There 

is no rivalry in consumption of air, and payment is not made based on the benefits realized from 

clean air.  A major problem associated with public goods is the notion of a free rider.  Free riders 

are those who do not pay for public goods, regardless of the benefits they receive from them.  

There are many individuals who benefit; therefore free riders count on the payment for the public 
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good or service by others (Just et al. 1982).  Graph 1.3 illustrates a demand curve for a public 

good.  It is equal to the vertical summation of each individual’s demand for the public good or 

service.  The thin lines represent individual demand functions and the thick line represents the 

community demand function for the public good.  In our area of concern, people suffering from 

an external cost of deer behavior are not willing to pay those who realize benefits from deer to 

reduce the population because they are acting as free riders.  They want to receive benefits of a 

reduced deer herd without paying for the costs of reduction.  Further, there is no market for their 

collective behavior. 

 

Results 

Using a .05 significance level, only one month showed a significant difference in the 

mean number of accident occurrences.  It was January of 1998.  This difference would not have 

been significant using a .01 significance level.  As a result of these tests, it was concluded that 

the sample is representative of the state in regards to the time of year of accident occurrence. 

It was found that there is no significant difference between the traffic counts near cluster 

sites and counts near non-cluster sites.  This finding was contrary to the original hypothesis.  If 

all traffic counts were included in the study (not just a small sample), the finding could be 

dramatically different.  In the small random sample taken, the counts were not segregated by 

road type, and this is a consideration that must be addressed in further research.  Each traffic 

station could be labeled as either cluster or non-cluster, and a new means test could be 

performed. 

The percentage of accidents occurring near streams and rivers ranges from 27.9% to 
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54.2%.  It would be the decision of the county or the state as to which percentage level to 

consider “significant.”  For the purpose of this study, a 25% or higher accident percentage is 

considered significant.  This means that it would be efficient to pursue mitigation techniques 

associated with this variable.  The percentages for accidents near streams and rivers are listed in 

table 2.3. 

The percentages of collisions that occurred near towns varied widely, from 1.9% to 

43.5% (table 2.4).  If further study were conducted using human population density, more 

statistically significant results might be obtained.  It is hypothesized that accident occurrence is 

correlated with human population density, for there must be humans (vehicles on the road) in an 

area for there to be collisions.  Mitigation techniques may be pursued at the county level for 

those counties showing a high percentage of accidents near towns.   

In the scatter plot showing day of year vs. time of day, it is easy to see that most of the 

deer/vehicle collisions occur between 6:00pm and 6:00am (chart 2.5).  This supports the 

hypothesis stated above.  The percentages of accidents that are reported by the SC DOT to occur 

at dusk or after dark for each county are very significant (chart 2.6).  This variable is a good 

candidate for the focus of some reduction efforts. 

It was found that there is no significant relationship between road condition and 

deer/vehicle accidents.  The percentages of accidents that happened on wet roads are given in 

table 2.7 and range from 0% to 16.9%.  This is contrary to the original hypothesis, and may be 

explained by reduced deer movement during heavy rain. 
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Summary of Research Findings 

 Deer/vehicle collisions are one component of the external cost function South Carolina 

suffers as a result of having a large population of white-tailed deer.  Other components of this 

function may include crop damage and ornamental shrub degradation.  When this external cost is 

accounted for, it leads to the calculation of a social cost function.  Analysis of the social cost leads to 

an optimal deer population level lower than the optimal level when the external cost is not 

considered.  The socially optimal deer population level is found where the marginal social cost 

function is equal to the demand function for with-tailed deer.   

 In an effort to reduce this external cost function, we are searching for economically 

feasible methods of reducing the number of deer/vehicle collisions in South Carolina.  The first 

step has been to find out where and when the accidents are taking place.  Between the hours of 

6:00pm and 6:00am is the time of day when a very large majority of the accidents occur.  The 

months of October, November and December represent the time of year when accidents are most 

likely to take place.  A significant proportion of the accidents (42% on average) also occurred 

where streams and rivers intersect the road.  Consideration of these times and places in the 

implementation of reduction efforts will increase their chances of being successful.   

 

Conclusions 

 Time of year, time of day, and proximity to rivers or streams were found to be the 

significant variables in our data set.  Road conditions (wet or dry) were not a significant variable, 

and proximity to towns varied in its significance between counties.  Mitigation efforts would be 

most highly justified in areas where there were many accidents occurring.  Consideration of our 
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significant variables suggest that these efforts could be most effective from one hour before dark 

to one hour after daylight during the months of October, November, and December.  During 

these times, locations near streams and rivers should be targeted especially.  Road conditions 

were found to be an insignificant variable in the occurrence of accidents, and will be overlooked 

in future analysis.  Proximity to towns varied in significance from county to county.  Where this 

variable is significant, public service announcements could increase awareness of the factors 

related to deer/vehicle collisions.   

  

Suggested Mitigation Techniques 

Several techniques have been tested for effectiveness in reducing the occurrence of 

deer/vehicle collisions.  These efforts, as well as some suggested techniques that have not yet been 

tried, will be discussed below.  Some of the methods are extremely costly, and some are relatively 

inexpensive, but the justification of each lies in its effectiveness. 

Education is one of the most important tools in reducing the number of deer/vehicle 

collisions.  The public needs to be informed as to when and where deer are most likely to cross the 

road, and what they should do if they see a deer while driving.  Town meetings should be held in the 

areas suffering from many accidents.  Public service announcements, school programs, and T.V. 

specials may also be effective in an education program.  Increased public awareness could represent 

one of the most cost-efficient and effective methods in reducing these collisions.  

The management of roadside vegetation is also very important.  Right of ways should be 

cleared to increase the visibility of motorists, especially in locations where deer/vehicle collisions 

are a likely problem.  Clearing more of the right of way would increase the amount of time drivers 
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have to react to a deer being near the road.   The ornamental plants on the side and middle of 

interstates should also be considered.  These flowers are often fertilized so they will look 

aesthetically pleasing to motorists traveling through our state.  However, fertilized plants represent 

some of the most palatable forage for white-tailed deer.  The use of vegetation that deer prefer like 

clover and other legumes and fertilizer along roadsides should be discouraged and acceptable 

alternatives found. With a statewide effort to reduce deer/vehicle collisions, roadside management 

should not attract more deer to the roadway.    

Fencing along the roadway has been tested in several locations.  Reed, Beck, and Woodard 

(1982) conducted a study monitoring the effectiveness of this measure in Colorado.  They found that 

2.4-meter fencing along the roadway significantly reduced the number of deer/vehicle collisions.  

The fences should only be placed in areas of known deer crossings because of their high costs.  

Maintenance of the fences is also required for their effectiveness to remain high.  In relation to our 

study, clusters and areas where roads cross rivers or streams with high accident occurrences would 

be good candidates for high fencing.  It is known that deer cross roads in these locations, so the 

fences would have the greatest opportunity to be effective there.  Benefit cost ratios would need to 

be calculated, comparing the benefit of the fence (dollar value of reduced property damage, injuries, 

or fatalities resulting from lower numbers of collisions) to its cost of construction and upkeep (Reed 

et al., 1982).   

Special signs could be strategically placed in problem areas.  These signs should be 

implemented at night, with a flashing light to get the attention of drivers.  They should be limited to 

the time of year when accidents occur the most to prevent drivers becoming accustomed to them, 

and thus not responding.  They should also be placed in areas of known prior occurrences of 
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deer/vehicle collisions.  Pojar, Proscecne, Reed, and Woodard (1975) conducted a study, also in 

Colorado, to determine the effectiveness of a lighted, animated deer crossing sign.  They found no 

significant difference in the deer crossings to kill ratio with the signs turned on and off.  The speed 

of the cars did decrease, but by less than one mile per hour on average (Pojar et al., 1975).   

Therefore, the signs were found to be ineffective in reducing the number of deer/vehicle collisions.  

Larger signs or brighter lights could possibly be used to increase the response of the motorists to the 

signs.   

Speed limits could also be adjusted in certain times and locations and be rigidly enforced.  A 

reduced speed limit could give motorists more time to react to a deer crossing the road and a better 

chance of seeing the deer before it actually enters the roadway.  With cars moving at a slower rate, 

deer would also have more time to react to, and possibly dodge the cars in their effort to cross the 

road.  No specific studies were found examining the effectiveness of reduced speed limits in 

reducing the number of accidents in known problem areas.  Adjusting the speed limits during the 

appropriate time of year could suffer from lack of conformity by motorists because of the speed at 

which they are previously accustomed to traveling.  Enforcement of the reduced speed limits would 

be a key component of its success in reducing these accidents.   

The previous methods have focused on changing the behavior of the deer or the motorists.  

One last method of reducing deer/vehicle collisions exists, and its focus is on reducing the number of 

deer in South Carolina.  Hunting is the least expensive method we have to reduce these accidents.  It 

is also potentially the most effective because it involves a reduction in the deer population.  As long 

as there are cars on the road and deer in the woods, there will be deer/vehicle collisions.  However, 

through the legal harvest of deer, the herd can be reduced to a level that is more tolerable than the 
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current situation.  The South Carolina Department of Natural Resources (SCDNR) reports a steady 

increase in the number of deer harvested each year since 1973.  The number of deer/vehicle 

collisions reported has also steadily increased since 1977.  There are two possible reasons why the 

number of collisions is increasing even though the harvest is increasing as well.  First, most hunting 

occurs in extremely rural areas.  These locations do not have very much traffic, and accordingly 

have a low occurrence of deer/vehicle collisions.  The collisions occur where there is a high volume 

of traffic.  So, the harvest of the deer is not occurring where the collisions are a problem (urban and 

suburban areas).  This calls for the management of our urban wildlife populations.  Second, the 

number of deer in our state may be growing at a rate too fast for hunters to keep up with.  More 

liberal hunting seasons and bag limits could account for this problem.  Some incentive for hunters to 

harvest more animals may also help to reverse this trend.   

A strategic placement of some combination of the above mentioned preventative measures 

during the problem times of day and year could effectively reduce the number of deer/vehicle 

collisions in South Carolina.  This study has identified the times of day and year when deer are most 

likely to be hit by automobiles.  We have also shown a significant percentage of deer crossing roads 

where streams or rivers lead up to the roadway.  Concentration of preventative measures on these 

areas and times will increase the chance of their success.   
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Figure 2.1 
 
 



 
 

 79 
 
 

Total Percentage Per Month of Deer-Vehicle Collisions

0

5

10

15

20

25

January

February

M
arch

April

M
ay

June

July

August

Septem
ber

O
ctober

N
ovem

ber

D
ecem

ber

Month

Pe
rc

en
ta

ge Percentage 95

Percentage 98

Figure 2.2

 



 
 

 80 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 

Figure 2.3 
 
 
 
 
 
 
 
 
 
 
 
 
 

Percentage of Accidents Near Rivers 
   

County 1995 1998 
Abbeville 54.2 48.8 

Aiken 44.4 37.8 
Barnwell 39.1 37.5 
Florence 38.9 42.9 

Georgetown 42.6 59.3 
Jasper 39.3 31.5 

Laurens 41.7 36.8 
Lee 59.7 49.2 

Newberry 27.9 36.0 
Orangeburg 44.4 48.9 
Spartanburg 32.1 32.8 
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Figure 2.4 
 

 
 
 
 

Percentage of Accidents Near Towns 
   

County 1995 1998 
Abbeville 9.8 15.3 

Aiken 14.8 14.4 
Barnwell 43.5 31.3 
Florence 16.7 14.3 

Georgetown 8.7 1.9 
Jasper 17.8 12.4 

Laurens 20.2 27.2 
Lee 10.4 3.3 

Newberry 32.7 26.7 
Orangeburg 17.5 18.2 
Spartanburg 15.7 16.4 



 
 

 82 
 
 

Total Accident Occurrence by Time of Day and Day of 
Year

0

600

1200

1800

2400

0 50 100

150

200

250

300

350

Day of Year

Ti
m

e 
of

 D
ay

 
 

Figure 2.5 
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Figure 2.6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Percentage of Accidents Occurring After Dark 
    
 County 1995 1998 
 Abbeville 76 68 
 Aiken 67 74 
 Barnwell 61 81 
 Florence 80 77 
 Georgetown 82 78 
 Jasper 70 74 
 Laurens 80 76 
 Lee 82 77 
 Marion 78 73 
 Newberry 81 74 
 Orangeburg 72 78 
 Spartanburg 72 75 

Percentage of Accidents Occurring After Dark 
    
 County 1995 1998 
 Abbeville 76 68 
 Aiken 67 74 
 Barnwell 61 81 
 Florence 80 77 
 Georgetown 82 78 
 Jasper 70 74 
 Laurens 80 76 
 Lee 82 77 
 Marion 78 73 
 Newberry 81 74 
 Orangeburg 72 78 
 Spartanburg 72 75 
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Figure 2.7 
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Percentage of Accident Occurring on Wet Road 
   

County 1995 1998 
Abbeville 13.9 2.4 

Aiken 11.1 3.3 
Barnwell 8.7 12.5 
Florence 8.6 11.2 

Georgetown 7.8 5.6 
Jasper 6.5 14.6 

Laurens 13.5 13.2 
Lee 16.4 6.6 

Marion 16.9 0 
Newberry 8 9.3 

Orangeburg 8.7 3.4 
Spartanburg 14.2 16.4 
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Abbeville County Deer/Vehicle Collisions 
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Aiken County Deer/Vehicle Collisions 
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Barnwell County Deer/Vehicle Collisions 
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Florence County Deer/Vehicle Collisions 
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Georgetown County Deer/Vehicle Collisions 
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Jasper County Deer/Vehicle Collisions 
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Laurens County Deer/Vehicle Collisions 
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Lee County Deer/Vehicle Collisions 
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Marion County Deer/Vehicle Collisions 
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Newberry County Deer/Vehicle Collisions 
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Orangeburg County Deer/Vehicle Collisions 
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Spartanburg County Deer/Vehicle Collisions
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A Methodology For Valuing Watershed Ecosystem Restoration 

Introduction 

 The Little Tennessee River watershed is located in Georgia, North Carolina, and 

Tennessee Figure 1.  The watershed encompasses 10,783 acres, including 18 rivers and streams 

and 26 lakes (EPA website).  The Little Tennessee River (LTR) originates in Rabun County 

Georgia; it flows north into North Carolina before terminating at Fontana Dam, just south of the 

Smokey Mountains. 

 Historically the Little Tennessee River watershed has been known for its logging, 

agriculture and mining industries, however recently tourism, recreation and the draw of living in 

an aesthetically pleasing environment has led to a tremendous increase in the population of 

people who visit and live within the watershed.  In the last twenty years the population has 

doubled leading to concerns about the future health of the watershed and the ecosystem services 

the watershed provides.  The majority of land within the watershed is privately owned and 

private land use decisions have a major impact on ecosystem structure and function.  For 

example, agricultural activities (such as watering cattle in streams) and development (housing 

and commercial development along the streams and creeks) influence water quality, a key 

parameter of ecosystem health. 

 Valuing ecosystem services is controversial because of the potential importance such 

values may have in influencing public opinions and policy decisions (Costanza, et al. 1998).  

Very little is also known about how the public values ecological goods and services produced by 

mixed public and private land ownership at a landscape scale.  However a failure to quantify or 

value these ecosystem services could imply a zero value  
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Figure 1: Little Tennessee River Watershed 
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placed on them while Daley (1997) notes that ecosystem services in most cases have values 
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larger than zero.  

 The objectives of this study were to develop and test general methodology for valuing 

ecosystem services and to identify and value particular ecosystem services present in the Little 

Tennessee River watershed.  An in-depth review of the literature was conducted looking at past 

studies that could be applicable to ecosystem valuation and changing ecosystem characteristics.  

This includes but is not limited to stated preference studies addressing embedding effects, scope 

effects, substitutability, complementarity, and studies evaluating system- level properties such as 

biological diversity. With the help of focus groups an appropriate survey would be developed to 

evaluate changes in ecosystem characteristics, a site to implement the survey would be selected 

along with the presentation format, either through the mail, telephone, or in person, and 

appropriate quantitative methods would be used to evaluate the data collected through the survey 

implementation.  

Methodology 

 To place a value on ecosystem services, a stated preference or contingent valuation (CV) 

survey instrument was designed based on the literature.  Contingent valuation is a standardized 

and widely used survey method for estimating willingness to pay (WTP) or willingness to accept 

compensation (WTA) for use, existence, and bequest values for resources (Loomis 1996).  While 

several methods can be used to value  “use values” such as the travel cost model (TC) or the 

hedonic property method only a few can estimate the existence or bequest values “non-use 

values” associated with an ecosystem.  CV surveys can reveal an existence value or what a 

person would pay just to know that a certain species, such as a trout is present in its natural 

habitat.  Bequest values can also be revealed as the amount a person would be willing to pay just 
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to know that future generations will have certain species such as trout present in there natural 

habitat.    

CVM involves construction of a hypothetical market or referendum scenario in a survey. 

 The proposed increase in the quantity or quality of the resource is communicated to the 

respondent in words and visual aids.  The respondent uses the hypothetical market to state his or 

her support for or against a program along with their values associated with the program.  The 

“Blue Ribbon” panel, which consisted of Kenneth Arrow, Robert Solow, Paul Portney, Edward 

Leamer, Roy Radner and Howard Schuman, concluded that CVM produces estimates reliable 

enough to be the starting point for a judicial or administrative determination of natural resources 

values (Arrow et al. 1993). 

The concern with CV is the reliability and validity of the responses.  Would these 

individuals really pay the amount stated in the survey?   All the published studies to date have 

shown CVM derived responses of WTP for both use and non-use values to be reliable in test-

retest studies (Loomis, 1989; Carson, et al., 1997).  The NOAA panel has suggested the use of 

the referendum CV format due to its close proximity with market goods and voting situation.  

The respondent is given a discrete question: Here is an item that costs $X; will you “take it” or 

leave it?  The referendum format closely represents the real world, for example a box of cereal 

costs $X you can either purchase it or leave it.  It is believed that the use of the referendum CV 

increases accuracy and validity in estimating the consumer surplus for environmental 

improvements. 

 This study hopes to avoid some of the shortcomings mentioned earlier such as sub-

additively effect WTP for changes in a collection of public goods is less than the sum of WTP 
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for changes valued separately.  The sub-additivity effect particularly relevant for ecosystem 

valuation.  Sub-additivity can be avoided my using a comprehensive value for a set of ecosystem 

services and thereby reducing the possibility of double counting and the summation problem 

noted by Hoehn and Randall 1989. As noted from Loomis (2000) a baseline or current 

conditions in the watershed were described, allowing the respondent then to compare baseline 

conditions to improved or degraded conditions in the watershed.   

Relevant Literature 

 Of the 3.5 million miles of rivers in the United States only 56% of them fully support the 

multiple use mandate adopted by the U.S. Forest in 1992.  The multiple use mandate outlines 

that streams and rivers should supply drinking water, fish and wildlife habitat, recreation, and 

agriculture, as well as flood prevention and erosion control (USDA 1998).  This multiple use 

mandate has lead to the increased interest in restoring rivers and streams so that they may once 

again support these multiple uses or ecosystem services. 

 Costanza et al completed one of the must ambitious and controversial studies dealing 

with valuing the world’s ecosystem services (Costanza 1997).  The authors estimated the 

economic value of 17 ecosystem services for 16 biomes based on published studies and existing 

data at $16-54 trillion per year.  At the time of the study the global gross national product was 

estimated at $18 trillion per year.  This study of the worlds ecosystem services valuation has lead 

to various heated discussion in the literature regarding the validity and importance of the study.  

Many of the issues surrounding the Costanza paper are discussed in a special section of 

Ecological Economics 1998. 

    Loomis et al. (1999) looked at the values of restoring certain ecosystem services along 
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a 45-mile stretch of a river in Northern Colorado.  A dichotomous choice willingness to pay 

question regarding purchasing increased ecosystem services such as dilution of wastewater, 

natural purification of water, erosion control, habitat for fish and wildlife, and recreation was 

administered to 100 participants.  An interdisciplinary team of economists and scientist worked 

to develop management actions necessary to increase the level of ecosystem services.  These 

management actions included a ten mile wide conservation easement along 45 miles of the river, 

restoring native vegetation along the river in the form of buffer strips and eliminating cropland 

and cattle grazing in these buffer strips, and reducing the amount of water diverted from the river 

from 50% to 70% to increase stream flows.  A mean annual household willingness to pay of 

$252 was estimated for the increase in ecosystem service on the 45-mile stretch of the river. 

Survey Design and Implementation 

 In order to collect data, one must first design a survey that includes detailed descriptions 

of the resources being valued.  It is crucial then that the design of the CV survey clearly describe 

the goods to be valued.  An initial step of designing a CV survey is to become familiar with the 

latest scientific research on the area of focus.  This lead to a group of three economists and 

several scientist in the area meeting and talking about how the Little Tennessee River was being 

impacted from agricultural uses and development within the watershed.   

 The economists met with ecologist at the U.S. Forest Service Coweeta Research 

Laboratory to discuss the different possible ecosystem services and attributes of the river that 

should be valued.   It was also learned that the river was already undergoing certain stream bank 

restoration measures aimed at improving water quality along the river.   The Little Tennessee 

River association along with the Macon Soil and Water Conservation District was in charge of 
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these stream bank restoration measures along the river.  The two organizations informed the 

group of economist of the potential improvements in ecosystem services due to the stream bank 

restoration measures. 

 Management action plans in the Little Tennessee River included stream bank restoration 

along the Little Tennessee River and buffer zones along small streams and creeks in the 

watershed.  Three different forms of stream bank restoration would be implemented to improve 

ecosystem services on the Little Tennessee River along with the total improvement of the 

watershed.   

The first type of restoration measure consisted of fencing along the river to eliminate 

livestock from the river.  A fence would be installed on either side of the river approximately 

30ft from the stream bank.  Fencing is established to keep livestock from using the stream for 

drinking water and thus damaging the stream bank, fencing also prevents livestock waste from 

directly entering the river.  Farmers are then provided with funds to establish an alternative water 

source for livestock (such as watering tanks).    

 The second type of stream bank restoration dealt with rebuilding eroding stream banks 

with revetment.    Revetment consists of large tree branches being attached along the streams 

bank.  Revetment is used to stabilize the eroding bank, and rebuilt the integrity of it.    The last 

type of stream bank restoration dealt with buffer zones along the river.  Buffer zones provide a 

natural barrier between human activity (e.g. agricultural, residential development) and the river.  

This thus reduced the amount of pollutants that enter the river. 

   After becoming familiar with the best scientific knowledge available about the 

watershed, it was then important to test certain watershed programs aimed at improving 
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ecosystem health.  Five different focus groups were held so that illustration/pictures and text 

about these three forms of stream bank restoration could be represented to the public, and we 

could receive feedback on them.  

 The first focus group was held at the University of Georgia on April 24, 2000.  This 

initial focus group was held primarily as a warm up to the focus groups that would be held 

around the sampling area of Macon County in North Carolina.  A PowerPoint presentation 

representing maps and pictures of the area was very helpful to the group.  The maps and pictures 

allowed the group to free associate with thoughts, feelings, and knowledge they had about the 

Little Tennessee River.  While this audience was geographically biased from are sampling area, 

they showed a large degree of concern for the river and the restoration efforts taking place on it.  

With these helpful suggestions and comments received it was time to present the material to a 

group of people in the study area. 

The second focus group was held at the Nantahala Power and light building in Macon 

County North Carolina on May 18, 2000.  Different civic organizations were asked to attend the 

focus group with an incentive of $25 to each person who attended.  This group of participants 

was much more familiar with the Little Tennessee River than the initial focus group participants 

in Georgia.  We found that certain terminology used to describe restoration was not clear, and a 

further explanation of terms like revetment was needed.  The group also revealed some 

characteristics/attributes of the LTR that were important to them in restoring the river.  

Attributes that came to mind before restoration were; erosion/sediment loss, poor quality (fish, 

wildlife), ugly, river pollution, stagnant water, and dead trees compared to after restoration; 

return of wildlife, erosion and sediment control, recreation tourism, clear water, improved 
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quality, pretty, pride, and happy farmers. 

The third focus group was also held at the Nantahala Power and light building in Macon 

County North Carolina on June 27, 2000.  Different civic organizations were asked to attend the 

focus group with an incentive of $25 to each person who attended.  This focus group was 

interesting in the fact that we had some participants return from the previous focus group to give 

use feedback on how well we had incorporated there ideas and suggestions into the illustration 

and pictures of the LTR.  The different watershed management plans were introduced along with 

some type of payment vehicle.  

The fourth focus group was held in Cullowhee North Carolina at Western Carolina 

University on August 14, 2000.  The participants again received $25 each for participating.  The 

information from the previous groups was now in a survey format describing different watershed 

management plans along with a valuation aspect.  The material was presented to the group using 

interactive computers.  The computer allowed the participants to learn about the river and the 

different management plans as well as starting to think about valuing these actions. 

The Fifth and final focus group was again held in Cullowhee North Carolina at Western 

Carolina University on September 22, 2000.  The participants received $25 dollars for attending. 

 This last focus group was the final test to make sure that the survey was clear about the different 

watershed management programs to be valued.  It was also are last chance to make sure that 

everyone was confident and comfortable enough to take the survey over a computer. 

By using this computer based survey implementation (Ci3 software) we could both 

inform the survey participant about the three different stream bank restoration measures as well 

as ask them questions at the same time.  The problem with using a written CV survey is the more 
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complex valuations require a pamphlet to describe and illustrate the different hypothetical 

scenarios in addition to the questionnaire.  So incorporating both information about the Little 

Tennessee River and questions about the watershed seemed to simplify the whole process 

compared to presenting informational material followed with the questionnaire as would need to 

be done in a written survey. 

 The computer based CV survey described four different watershed management 

programs that would improve/affect ecosystem services such as erosion control, purification of 

water, fish and wildlife habitat, and preservation of natural areas.  As mentioned above these 

management programs involved different levels of stream bank restoration along the Little 

Tennessee River along with buffer zones along other small creeks and streams. 

Five different indicators of ecosystem services were identified with the help of scientist and 

the focus groups; 1) Game Fish including species like trout, bass, and other sport fish, 2) Water 

Clarity or the amount of suspended sediment in the water, 3) Wildlife habit in buffer zones including 

deer, birds and other animals, 4) Allowable Water uses including  safe for boating, fishing, or 

drinking, and 5) Index of ecosystem “naturalness” or how closely the area has been returned to its 

natural state.  After describing and identifying these five indicators of ecosystem services a panel of 

respondents was presented with the different management programs and asked to evaluate them 

independently. 

A valuation panel was used due to complexity of the different watershed programs to be 

described.  Valuation panel data allows the survey to be set up in a given location within the 

sampling area, and provides the means for describing the programs in great detail with pictures and 

illustration of the management programs to be valued.  Without a panel format, some other deliver 
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method would need to be used such as in-person interviews, which can be very expensive and time 

consuming.  In person interviews are also subject to potential interviewer bias.    

Civic groups and other organizations in the Macon County area were contacted and asked if 

they would participate in the survey.  Each individual who attended the survey would be paid $40 

for there time.  The survey panels were held in computer labs at Franklin high school and 

Southwestern College.  A total of 191 respondents 18 years of age or older completed the survey.  

Table 1 shows how many people attended from each of the ten different organizations in Macon 

County. 

 

 

 

 

  

Organization   Number (191) 
Percentag

e 
Cullasaja Elementary School 36 19% 
Cowee Elementary School 32 17% 
Franklin High School  11 6% 
Union Elementary School 28 14% 
Cartoogechaye Elementary School 22 11% 
St. Francis  4 2% 
St. Agnes Episcopal Church 7 4% 
Franklin Lions Club  17 9% 
Franklin Fire and Rescue 25 13% 
Southwestern Students 9 5% 
 

Approximately 70% of the sample consists of different school organizations; these organizations are 

made up of teachers along with parents whose children attend the school.  



 
 

 109 
 
 

Preliminary Results 

 Sociodemographic statistics describing the 191 respondents are presented in Table 2.   

                 Table 2 Descriptive Statistics for N=191   
    Standard    

Variable   Mean Error Minimum 
Maximu

m 
AGE  45.86 12.17 21 77 
GENDER  0.387 0.488 0 1 
1 = male, 0 = female      
INCOME  $53,115  $28,829  $10,000  $165,000  
HOUSEHOLD SIZE 3.1 1.44 1 11 
EDUCATION      
1= elementary to      
5 = Graduate Prof. 4.06 0.72 2 5 
LIVE BESIDE LTR      
1 = yes, 0 = no 0.523 0.5 0 1 

             Notes: The frequency for males and females was 117 females (61%) and 74 males (39%) 
                Education: 1= Elementary, 2 = JR. High, 3 = High school, 4 = College or Technical, and 
                 5 = Graduate or Professional school.  LTR = Little Tennessee River. 

 

Respondents’ familiarity with the LTR and water management issues are summarized in 

Table 2a.  Many of the 191 respondents surveyed in Macon County were   

 
                                        Table 2a Descriptive Statistics for 
N=191       
        
    Standard    

Variable Description Mean Error 
Minimu

m 
Maximu

m 
FLTR Familiarity with the Location of the Little       
  Tennessee River,       
  1 = very familiar, to 4 = not at all familiar  1.59 0.767 1 4 
ACT During past 12 months did you participate in      

  
Fishing, walking hiking, hunting, wildlife 
viewing,      

  Boating/rafting, or scenic drive to see the river      
  1 = yes, 0 = no 0.586 0.493 0 1 
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USES In your opinion, which of the following uses in      
  the LTR is most important 1 = Agriculture      
  2 = Residential, 3 = Recreation, 4 = Fish/Wildlife 2.82 1.2 1 4 
AW Before taking this survey were you aware of       
  Restoration taking place along the LTR      
  1 = yes, 0 = no 0.633 0.483 0 1 
RES Familiarity with revetment, fencing, buffer zones      
  1 = very familiar, to 4 = not at all familiar  2.67 1.04 1 4 
 
 
 
were familiar with the location of the LTR as would be expected since the river is located in Macon 

County.  Not only were respondents familiar with the location of the river but many respondents 

approximately 63%, were aware that restoration measure had taken place along the river.  A majority 

of respondents seemed to participant in some sort of activities involving the river be it, 

fishing/hunting or just simply enjoying a drive along the river for viewing pleasure. 

After being introduced to three different types of stream bank restoration measures; 1) 

revetment (tree limbs along the stream bank), fencing (keep cattle from the river), and buffer zones 

(natural areas at least 30 feet on each side of the river) in the form of pictures/illustrations and text, 

respondents were asked to rate their importance on a scale from 1 being not important to 7 being 

very important.   Table 3 gives descriptive statistics for the entire 191 respondents sampled while 

Table 4 and Table 5 give descriptive statistics depending upon the version of the survey along with 

the management action taken.  A description of the management plan is given along with the 

indicators of ecosystem services impacted.  

 Table 3 reveals that many of the indicators of ecosystem health along the LTR were very 

important.  They felt restoration, fish habitat, wildlife habitat, erosion control, purity of water, 

and ecosystem naturalness should be protected.  Out of a possible 7 being very important the 
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mean score was 5.6.  Tables 4 and 5 present information on the desirability of different 

management programs in relationship to the quality of attributes in LTR, such as the level of 

water clarity, level of allowable water uses, (drinking, swimming, etc) level of game fish, level 

of wildlife habitat, and level of ecosystem naturalness.  These different levels of attributes 

ranged from low, moderate to high.  Again they are asked on a scale from 1 to 7 how desirable 

the management program is to them.  The programs with the highest quality of attributes were 

more desirable to the respondents. 
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Table 3 Descriptive Statistics for Scaling Questions (N = 191)               
             

     
(1 = not important, 7 = very 
important)    

             
    Standard Frequency (Fre) Fre Fre Fre Fre Fre Fre 

Variable Description Mean Error 1= not important 2 3 4 5 6 
7 = very 

important 
RES Importance to establish revetments,           
  fences, buffer zones along the river 5.66 1.4 2 4 8 31 20 58 68 
BUF Importance to establish buffer strips 5.56 1.41 3 5 3 34 35 47 64 
FISH Importance of fish habitat 5.74 1.32 1 2 3 38 30 38 79 
WILD Importance of wildlife Habitat 5.76 1.23 1 1 2 36 28 52 71 
ERO Importance of erosion control 5.88 1.22 1 2 0 30 29 49 80 
WATER Importance of water purity 6.05 1.17 1 1 1 24 24 46 94 
ECO Importance of ecosystem naturalness 5.6 1.3 1 2 7 38 25 59 59 
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Table 4 Desirability of different programs N = 95  (version 1)               
     (1 = not desirable, 7 = very desirable)    
             
    Standard Frequency (Fre) Fre Fre Fre Fre Fre Fre 
Variable Description Mean Error 1= not important 2 3 4 5 6 7 = very important 
CUR How desirable is the Current            
  management program (low water clarity,           
  low level of uses, low level of game fish,           
  low level of wildlife habitat, low level            
  of ecosystem naturalness 2.77 2.12 42 16 5 11 5 6 10 
ALT 1 How desirable is management           
  alternative one ( mod. water clarity,           
  low level of uses, low level of game fish,           
  a moderate level of wildlife habitat,           
  low level of ecosystem naturalness 3.06 1.76 22 24 9 20 12 2 6 
ALT 2 How desirable is management           
  alternative two ( mod. water clarity           
  mod, level of uses, low level of game fish,           
  mod. Level of wildlife habitat, mod.             
  level of ecosystem naturalness 4.08 1.77 6 12 17 27 10 12 11 
ALT 3 How desirable is management           
  alternative three ( mod. water clarity           
  high level of uses, mod. Level of game fish,          
  high level wildlife habitat, mod. Level           
  of ecosystem naturalness 5.2 1.57 3 4 3 22 16 23 24 
ALT 4 How desirable is management           
  alternative four ( low water clarity           
  mod. level of uses, low level of game fish,           
  mod. level wildlife habitat, low level           
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  of ecosystem naturalness 2.98 1.71 24 17 20 19 5 5 5 
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Table 5 Desirability of different programs N = 96  (version 2)               
             
     (1 = not desirable, 7 = very desirable)    
             
    Standard Frequency (Fre) Fre Fre Fre Fre Fre Fre 
Variable Description Mean Error 1= not important 2 3 4 5 6 7 = very important 
CUR How desirable is the Current            
  management program (low water clarity,           
  low level of uses, low level of game fish,           
  low level of wildlife habitat, low level            
  of ecosystem naturalness 2.75 1.77 31 24 9 16 6 6 4 
ALT 1 How desirable is management           
  alternative one ( low water clarity,           
  mod level of uses, low level of game fish,           
  a mod. level of wildlife habitat,           
  low level of ecosystem naturalness 3.07 1.64 16 29 14 20 7 6 4 
ALT 2 How desirable is management           
  alternative two ( mod. water clarity           
  mod, level of uses, low level of game fish,           
  mod. level of wildlife habitat, mod.             
  level of ecosystem naturalness 4.01 1.35 4 10 14 37 18 10 3 
ALT 3 How desirable is management           
  alternative three ( mod. water clarity           
  mod. level of uses, low. level of game fish,           
  high level of wildlife habitat, high. level           
  of ecosystem naturalness 4.82 1.33 1 3 8 33 16 25 10 
ALT 4 How desirable is management           
  alternative four ( high water clarity           
  high level of uses, high level of game fish,           
  high level of wildlife habitat, high level           
  of ecosystem naturalness 5.75 1.4 1 4 3 12 9 28 39 
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Valuation Questions 

 Two different versions of the survey were developed to deal with different watershed 

valuation issues.  The first version of the survey dealt specifically with restoring from 2 to 6 

miles of stream bank along the LTR.  The second version of the survey was very similar except 

another component was added to see how respondents felt about all small streams and creeks 

within the LTR watershed being protected with buffer strips.  These two different versions of the 

survey are shown in Table 6 and Table 7.  A sample of the valuation question asked is shown 

below. 

Sample Question 

The general questioning format for the valuation questions was for the respondent to 
consider that a vote is being held today in Macon County to approve or reject a management 
program for the Little Tennessee River watershed.  The Management program would be one of 
the alternative stream bank restoration programs for the Little Tennessee River described in the 
previous sections.  If you agree to support the program, your payment would be collected 
through an increase in the local sales tax you pay.  The program will be implemented only if a 
majority of Macon County residents vote in favor of it. Please consider your current expenses 
before answering the following questions. 
  

 If a local county sales tax were to reduce your annual household income by $X each 
year for the next 10 years to support program X, would you vote in favor of it. (Taking into 
account your other expenses and the fact that you probably already pay something for water) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6  OVERVIEW OF LITTLE TENNESSEE RIVER WATERSHED PROGRAMS 



 
 

 117

Version 1  Current 
Situation 

Program 1 Program 2 Program 3 Program 4 

 
 
Indicator of 
Ecosystem service 

No small 
streams 

protected by 
buffer strips 

+ no new 
river 

restoration 

No small 
streams 

protected by 
buffer strips + 2 

miles of new 
river restoration

No small streams 
protected by buffer 
strips + 4 miles of 

new river 
restoration 

No small 
streams 

protected by 
buffer strips + 6 

miles of new 
river restoration 

All small 
streams 

protected by 
buffer strips + 
no new river 
restoration 

Game Fish Low Low Low Moderate Low 
Water Clarity Low Moderate Moderate Moderate Low 
Wildlife habitat in 
buffer zones 

Low Moderate Moderate High Moderate 

Allowable Water 
uses 

Low Low Moderate High Moderate 

Index of 
ecosystem 
“naturalness” 

Low Low Moderate Moderate Low 

 
 
Table 7 OVERVIEW OF LITTLE TENNESSEE RIVER WATERSHED PROGRAMS 

Version 2  Current 
Situation 

Program 1 Program 2 Program 3 Program 4 

 
 
Indicator of 
Ecosystem service 

No small 
streams 

protected by 
buffer strips 

+ no new 
river 

restoration 

All small 
streams 

protected by 
buffer strips + 
no new river 
restoration 

All small streams 
protected by buffer 
strips + 2 miles of 

new river 
restoration 

All small 
streams 

protected by 
buffer strips + 4 

miles of new 
river restoration 

All small 
streams 

protected by 
buffer strips + 6 

miles of new 
river restoration

Game Fish Low Low Low Low High 
Water Clarity Low Low Moderate Moderate High 
Wildlife habitat in 
buffer zones 

Low Moderate Moderate High High 

Allowable Water 
uses 

Low Moderate Moderate Moderate High 

Index of 
ecosystem 
“naturalness” 

Low Low Moderate High High 

 
 
Preliminary Model 
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For each of the different programs shown above in Tables 6 and 7, respondents were 

asked if they would vote to support the LTR protection program at the stated price or cost.  

Using the logistic model, we can statistically analyze a respondent’s  “yes” or “no” response.  A 

binary response is recorded with a “yes” response indicated by Y=1 and a “no” response 

indicated by Y=0. If a “yes” is recorded for X$ then we know a particular person would pay at 

least X$, however he or she may be WTP more than X$.  We can say that a “yes” response 

bounds the true WTP from below the bid offered.  Similarly, in theory, then a “no” response will 

bound the true WTP from above the bid offered. 

The logistic model can then be written as: Green (1997) 

 

where, X = the characteristics that the sample population possesses. 

 Each of the eight different programs has been evaluated using logistic modeling.  Tables 

8 and 9 report the parameter estimates for each model.  Table 8 present results for the first 

version of the survey dealing mainly with stream bank restoration.  Table 9 presents results for 

the second version of the survey, which deals with stream bank restoration along with the idea of 

establishing additional buffer zones.   After presenting these tables a brief discussion of the signs 

and significance levels of the explanatory variables is given. 

 While these are just some preliminary results, the explanatory variables that seem to be 

significant and positive are education, participate, and Gender.  More educated respondents are 

more likely to contribute to the watershed management programs.  It is also somewhat evident 
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that people who participate in activities along the LTR such as hiking, wildlife viewing, and 

boating are more likely to support these watershed management programs.  Gender seems to also 

be somewhat significant and positive. 

 The estimated bid coefficients for version two have an expected negative sign.  As the 

bid amount is raised, we would expect that most people would become less likely to support the 

proposed watershed program.  The bid coefficient in version two is not only negative but is 

highly significant in the first two programs.  In version one however the bid coefficient is 

positive and only significant in two of the programs at the .10 level.  This is troublesome and 

raised some concern on why people would be more likely to support the proposed watershed 

program as the bid amount is increased.  Positive correlation with increasing quality of the LTR 

watershed over the alternative programs may be part of the explanation.   

 

 

 

 

 

 

 

Table 8 Referendum Models for Survey Version One     
  Program 1 Program 2 Program 3 Program 4 
  N = 95 N = 95 N = 95 N = 95 
Variables      
       
Constant -5.46 -3.94 -2.71 -1.71 
  (2.07)*** (1.88)** (1.69)* (1.72) 
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Aware restoration 0.309 0.4 -0.17 -0.41 
1 = yes (0.49) (0.47) (0.46) (0.47) 
0 = no      
       
Participate  0.26 0.26 0.60 0.75 
1 = yes (0.48) (0.47) (0.47)* (0.47)* 
0 = no      
       
House size 0.17 0.17 0.04 -0.14 
  (0.20) (0.18) (0.18) (0.18) 
       
Education 0.79 0.79 0.46 0.39 
  (0.32)** (0.32)** (0.29)* (0.31)* 
       
Sex 0.61 0.61 0.35 0.73 
1 = male,  (0.50)* (0.47)* (0.44) (0.45)* 
0 = female      
       
Age 0.01 0.01 0.005 -0.01 
  (0.01) (0.01) (0.01) (0.01) 
       
Bid amount 0.01 0.01 -0.001 -0.001 
  (0.007)* (0.003)* (0.001) (0.007) 
       
Log Likelihood -58.32 -60.13 -62.63 -58.53 
       
Probability of Yes 0.54 0.43 0.45 0.35 
at bid = $50      
Pseudo R-squared 0.08 0.049 0.039 0.06 
       
1) *White's standard errors, robust to misspecification, are in parentheses   
below the parameter estimate. (.01 = ***, .05 = **, and .10 = *)    
2) Krinsky-Robb method is used for 95% confidence interval (1,000 draws)   

 

Summary and Conclusions 

 For this research project, a CV survey to assess the economic values of stream bank 

restoration on the Little Tennessee River was developed with the input of several scientist and 

focus groups.  It was evident in the focus groups that people seemed to be aware of the LTR and 
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the stream bank restoration-taking place along it.  The survey was administered through a 

computer (Ci3 software) using central facility valuation panel.  The computer driven survey 

automatically recorded the respondents’ answers for later data analysis.  The computer survey 

reduced the time usually associated with making paper copies of the survey and then going back 

and entering all the data collected from the paper survey.   Overall, the computer-assisted 

valuation panel approach appears to a promising approach for valuing complex environmental 

commodities such as watershed ecosystems. 

The computer survey did have some drawbacks however; it was very time consuming to 

enter all the survey material in the appropriate Ci3 computer language.  The Ci3 software was 

also less than user friendly and required some time talking with the producers of the software.  

The computer survey also needed to be placed on computers with an appropriate graphics 

package or else the pictures and illustrations were grainy and hard to see.  This required the 

survey group to located computers within the sampling community that could be used for the 

central facility valuation panel. 

 A unique biding design was used for this survey and the current single bounded logit 

model applied to each of the 8 different programs does not sufficiently represent this design.  

The respondent is asked to value these programs independently, but in a sense this is a difficult 

task because the bid amounts for each of the different programs are linked together.  Some type 

of lag model that could estimate these models together would be more appropriate than the 

current process used to value each of the programs independently from one another.  Further 

estimation work along these lines by the authors is in progress.   
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What Are the Important Linkages Between Ecology and Economics 
and How Should They be Developed? 

 
Each discipline has its paradigms; each discipline has its articles of faith which we challenge. 

 An economic article faith that we can challenge is that growth is always good.  Ecological 

paradigms can also be challenged; but what we seek is an interface between economics and ecology. 

 Not necessarily another discipline, not just an overlap, but something that brings out something new 

that is not in either discipline.  In other words, an interface as we think of it.  There are three 

functions of an interface.  When people from different disciplines are in an interface, we try to teach 

each other.  Ecologists are trying to learn from economists how they view the world and how they 

suggest we handle problems that ecologists believe are not being properly handled now; that is, how 

can economics be extended.  Economists learn from ecologists about how nature works.  

The problem is we have two houses - the house of nature and the house of man.  In the past, 

economics has dealt almost exclusively with the house of man.  Money has only paid for man-made 

goods and services.  We don't pay anything else for things in nature's house.  We pay a little for 

water; we don't pay anything else for air, which of course, it not a market good.  When we pay for 

water, we pay only to pump it and clean it; we don't pay for nature's work.  We pay for food but we 

don't pay for nature's work of building up the soil and having the rain and all the other processes we 

have that require soil.  The goods and services of nature are not in the market system.  So basically 

we have market failure in the sense that the market system does not deal very well, if at all, with 

many goods and services of nature.  We need the life support services provided by nature that really 

are not in the market system.  The reason we haven't bothered before to account for nature’s life 

support services is that because there is so much of these services out there, we just assumed there 
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was plenty or if we used up some or destroyed some of nature’s services, we would find another 

substitute.   

So the interface between ecology and economics is to try to bring out something new.  I call 

it merchant property.  There is a mismatch between disciplines and real-world problems.  There is no 

real-world problem that can be handled by any one discipline.  Chemistry, physics, economics, 

ecology, etc., by themselves do not provide solutions to anything of any real importance in the real 

world.  So all the real tasks we have to do now are interfaced, and universities are notorious for lack 

of communication between disciplines.  At the University of Georgia, we have the football field in 

the center of campus, on north campus are the humanities and economics and social sciences, and on 

south campus are the natural sciences and the resource economists.  Ecologists interface with the 

south campus resource economists pretty well, but we don't interface much or even get the attention 

of traditional neoclassical and particularly libertarian type of economists who say the market system 

should be left alone, as in no government control, to allocate goods and services.  The rich will get 

rich and let the trickle down fix the poor.  None of those extremes work.  The interface between 

ecology and economics is exciting.  I tell students that if you want to get into something really 

important, get in the interface area.  Take a degree where you take economics and ecology courses, 

or take engineering and environmental science courses and get into the restoration of the 

environment.   
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The other point of an interface is hoping that something will emerge as new and different.  

My brother (Howard Odom) has a property that he calls emergy from the interaction of ecology and 

other disciplines.  His principle is very simple; money does not measure wealth.  We have to have 

something else to measure true wealth, because money does not measure natural wealth, which is not 

in the market system.  He uses energy as a common denominator.  Energy is involved in everything, 

so if we make our cost accounting based on energy,  then we will properly value natural wealth as 

well as human-made wealth.   

To repeat, a primary purpose of an interface is to teach each other; we want to learn from 

economists about what they think and what they propose to overcome the shortcomings of 

economics.  Every discipline has shortcomings; every discipline is too narrow; every discipline is 

too fragmented.  We learn from economists and the economists learn from ecologists; we create an 

interface and hope that something good will come out of that that will be useful for the future.  We 

know we can no longer go on operating as if ecology and economics are separate.  We know we 

can't go on this way much longer because disaster will be the result.  So, we know we have to 

interface and there is no question about having to do it.   

One issue is that we have to learn how to manage growth.  How do we manage growth?  That 

is, not stop growth, but manage growth.  Economists are always calling ecologists anti-growth, but 

this is not the case.  We are concerned about when need goods and services, how do we produce 

them?  We are also concerned about when we don't need growth, what do we do about it?  What do 

we do when we get to the point where we can't grow anymore?  We look at nature and ask how 

much have we learned from ecology about growth limits.  We look to see how nature grows.  In 
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nature, we have the usual growth curves; we have two extremes of growth following exponential or 

boom and bust growth.  This is the type of growth in most economies.  The economy booms until it 

busts and then goes down again and we have a recession.  Or a company such as IBM grows too fast 

and then has to pull back, decentralize and find better growth levels.  So, economies tend to boom 

and bust and maybe that's okay because a lot of nature follows such cycles; for instance, the 

populations of a lot of organisms go through boom and bust cycles, but they usually evolve in such a 

way that they don't die-off completely.  There is always a tendency that if a system booms too much 

and goes through a bust, that the system might not recover, or the bust would be so disastrous that 

we would experience all kinds of social and other negative consequences.  So, we would like to 

shoot to manage growth so when we get some kind of limit.  This limit doesn't have to stay constant. 

 We could maybe move the limit up, but before we could go above that limit, we would have to think 

about this could be done.  We would then have a pulsing plateau.  Nature always pulses.  Most 

economic models try to model an economy as if it were a closed system.  Ecologists make the same 

mistake in modeling nature as a closed system.  There is no such thing as a closed system as there 

are always inputs and outputs.  For instance, big pulses such as storms come into systems.  People 

don't think that we have to be prepared for storms and the cost of storms even though we think 

government should respond when storms happen.  A lot of the storms are man-made.  For instance, 

the damage from Mississippi River floods is man-made, a good part of it because of all the dikes that 

have been put up along the river.  We try to confront nature instead of sometimes designing so we 

won't have these types of problems.  Now the question is when we get to this pulsing plateau, when 

we get to the point where any further growth in size is not possible or desirable, can we focus on 
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improving quality?     

We must distinguish between economic growth, which is quantitative, and economic 

development, which is qualitative.  When we talk about economic development, we talk about an 

economy getting bigger, growing more, consuming more, selling more automobiles and all of that 

and we know that in a finite world, we cannot grow forever because the world is not growing.  The 

idea is that after we get to some kind of plateau, we need to make things better.  That is not stopping 

growth; that is changing growth from just getting bigger to getting better.  In Athens, Georgia, for 

instance, there has been very strong pressure in the past by business to not be better but be bigger; 

stupidly they want to spend taxpayer’s money to promote industry.  We don't need to promote 

industry in Athens.  Industry goes where there is good schools and universities and good quality of 

life.   We don't need to promote industry in a place like Athens and spend taxpayers money; its 

absolutely folly. City administrations will likely follow this strategy anyway and then be voted out 

the next year because the economy did not grow big enough.  We just got better.   

The University of Georgia is a good example of focusing on quality, rather than growth.  The 

university has decided that it is not going to grow anymore beyond 35,000 students, which is seen as 

a nice optimum size for the university.  If this university were to grow to 60,000 students; it would 

be more disorder than you would want to think about.  What the university is doing is getting better. 

We are being a little tougher on admission standards and student quality levels are being raised.  So 

the university is a living example of how you can change from growth in quantity to growth in 

quality.   

Herman Daly says that traditional economic growth is still necessary in underdeveloped 
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countries where the kind of growth we have already had in this country is needed in order to reduce 

poverty and to bring about the demographic transition where if standards of living increase, people 

have less children.  We still need additional growth in many countries.  But in this country and in 

other developed countries, we do not need to grow so much in quantity; what we need is economic 

development, that is, to grow better.  This is a challenge to both economists and ecologists.  In 

nature, when a forest gets to a point where it's size, its biomass, levels off and it cannot get any 

bigger because resource constraints will not allow it, the forest produces better timber.  Old growth 

timber per unit of wood is about ten times as good and as valuable as pulp.  That is why there is so 

much discussion over the old growth forest; it is more valuable because these forests have quality 

wood instead of just quantity wood.  

We learn from nature that systems can and do grow, and when system gets large, it takes a lot 

energy to maintain it.  One of the network laws is that as something doubles, for example, a city 

doubles in size, it takes more than double the cost to maintain it.  For instance, look at Atlanta or 

Gwinnett County in Georgia.  As these systems grow, more and more money must be spent on 

sewers, highways, schools, and crime.  Crime increases in any large system because disorder is 

magnified which results in magnified costs.  Most people do not realize that to maintain a large 

system, costs more than double because of the large number of networks that need to be maintained. 

 This concept is something that economists can learn from ecologists.  We know that it is true from 

nature.   As a city doubles in size, it may take three or four times as much tax money and effort and 

energy to keep that city from going to pot.  

Our basic problem is human-made goods and services, life support services from nature, and 
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market value and nonmarket value.  Economists talk about sources and sinks.  Ecologists are worried 

more about sources such as oil and things of that sort and economists are concerned more about  

sinks such as maintenance.  When sources and sinks are not properly valued, there is a market failure 

problem.  That is what we have today.  The market fails because it does not value both market and 

nonmarket goods and services.  My brother’s (Howard Odom) emergy is just another suggestion 

about how to value nonmarket goods and services.  Economists have their own suggestions like 

contingent valuation.  We also deal in shadow prices as a rate of value.  When we had the marsh 

protection controversy in 1970, we used shadow prices to show how much marshes are really worth, 

even though the real estate value is zero because you can't build anything on a marsh unless you 

drain and fill it in.  We estimated the public nonmarket value of marshes to be very high, maybe 

$20,000 an acre.  Back then, people would call me up and say that they had an acre and where could 

they get $20,000 for it?  I told them the $20,000 was the value to the publics of the work of nature, 

not an individual value.  All we did was value nature’s work going on in the marshes such as energy 

transformation and services including water control, waste management, air quality improvements, 

and growing shrimp and oysters.  The only market value is when they harvest the shrimp and 

oysters, which is just a small part of the value of the marshes.  If you value only the money you get 

immediately from a marsh, then it is not worth much and you could fill it up and put a factory there 

and get a bigger market value.  The various valuation methods including shadow prices, contingent 

valuation, and emergy, emerge from the interface between ecology and economics and represent 

new possible ways of accounting for the value of nature’s services.   

There was a report in Newsweek about  requiring businesses to list their environmental 
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assets. This is called “greening of economics” or accounting for environmental goods in terms of 

what economists understand best - money.  Under this accounting system, every business would 

have to account for what they are doing, good and bad, for the environment.  Daly and Cobb suggest 

that we have a new index, called NEW for “National Economic Wealth”, in which the environmental 

bads are taken out of GNP.  What causes GNP to go up are not always good stuff.   For instance, the 

GNP goes up if we have a lot of automobile accidents and automobile repairs.  We think that 

anything that causes GNP to go up is progress.  Green accounting is a beginning in trying to evaluate 

and account for both environmental goods and bads.  Daniel Mitchell, an economist at the Heritage 

Foundation, says all this is ammunition for the anti-growth environment.  He said let's be sure that 

the debate stays in academia and not in the political arena.   

Five years ago in Georgia, the legislature passed a group of bills, called the growth 

management bills - House bill 215.  This is amazing because Georgia is not usually known for being 

up in the front on this sort of stuff.  These bills set up an infrastructure for doing just what I have 

been talking about.  The idea is that we have to learn how to manage growth for the good of 

everybody, individual and public.   

One of the things these bills specify is that every county and every municipality should make 

land use plans which give equal consideration to the dual economic development goals of traditional 

economic growth and environmental protection.  In their comprehensive planning, counties and 

municipalities should show set-asides where they are going to put buffers around things, where they 

are going to preserve good farmland, and where to protect flood plains from development.  When 

you go into each county, you should be able to see a big map that shows areas that cannot be 



 
 

 
 133 

developed.   This helps developers to see beforehand what areas are out of bounds for development 

so they will not invest money in doing something that is not going to be allowed. States 

requirements for comprehensive planning, however, have no teeth in Georgia.  The state of Georgia 

cannot enforce comprehensive planning because the state constitution unfortunately says that the 

state cannot zone.  Zoning has to be local.  Local zoning is practically worthless because as soon as 

some land is zoned, someone comes along with a big chunk of capital and they overcome the zoning 

very quickly.  It doesn't work unless the zoning has support from up above.  There has to be some 

support from the state and federal government saying that once local zoning is determined, they will 

help local governments to keep it that way.  Final decisions are still made locally which is good 

democracy.   

We have to think about human population growth.  There are three different driving forces 

behind human population growth and we can do something about two of these.  Momentum we 

cannot do anything about.  Ninety percent of the world is in underdeveloped countries under 20 

years old.  Even if every person in the world only had two children we would still have large 

population growth because we have so many young people.  The U.S. is different because we have a 

more aging population.  But the breeding population, as it were, in the world is huge.  One of the 

two things we can do something about is unwanted children.  How many children are born in the 

world that nobody wants?  In underdeveloped countries people want six children because they want 

child labor and someone to take care of them in their old age.  They have no social security, no 

health care, no nothing.  90% of the world doesn't have anything like we have in the U.S. in terms of 

health care, social security, etc.  Children have to take care of the elderly in undeveloped countries.  
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Even if birth control were universal, people in underdeveloped countries would still want to have six 

children unless like in China they are told not to.  

Jobs per capita have been flat during much of the economic growth in the U.S.  There is an 

illusion that we are doing so well because the GNP is going up but as we all know, jobs are a 

problem.  People who say we will have a lot of jobs are talking in their hats.  The result is jobs that 

don't pay as much; high-paying military jobs become jobs to flip hamburgers, service jobs, etc.  This 

is a huge problem that’s courting disaster.  As a nation, we are promoting growth at the same time 

that job prosperity is going down.  

People say that technology will solve all of our problems related to economic growth; this is 

an article of faith.  Some technology extremists say that if we run out of something, we can always 

substitute something else for it.  This doesn't explain how we would replace water if we run out of it. 

We must remember this is a technological paradox.  Paul Gary, an engineer by trade and President of 

MIT says, "The paradox of our time is a mixed blessing of almost every technological 

development."  I say it a little bit different.  Human prosperity and technology have dark sides as 

well as bright sides.   

Agriculture is a good example.  The bright side of agricultural technology is that we have 

more food per acre all over the world.  So we are barely feeding everybody.  The dark side is that to 

make the huge increase in agricultural production, we have to pour on the fertilizers and pesticides 

resulting in the world's worst non-point pollution source, farmland run-off.   Putting too much 

chemicals on the land is a major problem in Georgia.  We can't do anything about chemicals on the 

land once they are there.  We have to control run-off by reducing the amount of chemicals applied to 
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the land, which we call input management.  

The biggest dark side of agricultural technology is rural unemployment.  All over the world, 

little farmers are being put out of business.  Farmers can no longer make a living on 50-100 acres.  

You have to have 2000 acres at least to make a living in farming.  The growth of cities in 

underdeveloped countries like Mexico City are from people who could no longer live and make it 

economically in rural areas, so they come to the city.  They were not poor when they were in the 

country because they had a living.  A lot of bartering goes on in rural areas.  Underground 

economics is very important and is never considered very much in economic books.  So, there has 

been a huge rush to the cities.  

In the future, big cities including Mexico City; St. Paulo, Brazil; and Calcutta, India may 

make New York and Los Angeles look small.  How will these cities deal with all of the poor people 

who live there?  Jobs are going down.  All that will result is a huge disorder.  People are going to 

find they cannot make it in these big cities so they will immigrate to the U.S.  We will be overrun 

with poor immigrants.  We will put up barriers, put up fences, get guns out, but they will come.  This 

is not all dark.  We should have new technology, but every time we have a new technology we 

should think about the dark sides and be prepared to deal with them before they get too bad.   

If I had more time, I would tell you about the milk business and the new hormones that make 

cows give more milk.  But it also makes the cows sick so that they have to be fed more antibiotics.  

The farmer may get a little more money for selling more milk, but they have to buy more antibiotics 

which have unknown effects that may affect human health.  But the worst thing is we do not need 

any more milk.  You and I are paying taxpayer money to pour the milk out.  How do we get in this 
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kind of economics? 

People have been studying the rivers here in Georgia and in bordering states.  They go down 

to south Florida and find out that we are paying for dredging the Apalachicola River in order to have 

barges move up the river.  What are they hauling?  The answer is, sand and gravel.  If they did not 

have the dredging subsidy they would not haul sand and gravel.  If we left sand and gravel hauling to 

the market system, they would quit right away.  If you don't dredge the river, big barges couldn't 

haul heavy sand and gravel.  There is nothing important to haul in that area, so why do we pay for 

dredging and think that is good economic development?  Some people in south Florida may depend 

on sand and gravel hauling for a living, but it is subsidized by government dredging.  We all know 

that the government is sometimes our worst enemy.   
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Incorporating Economic and Biophysical Considerations into Farmer Decision-Making 

Introduction 

Agroecosystems are natural ecological systems manipulated by humans to produce 

agricultural outputs to satisfy human needs.  Every managed agricultural system interacts with, 

rather than merely existing alongside, the ecological system.  There exists a continuous feedback 

loop such that human intervention creates a response in the natural system, which in turn generates a 

response from humans (Norgaard 1984).  Economic and ecological systems coevolve in this way, 

with reciprocal stimuli between human and natural systems.  If this underlying relationship is 

ignored when making farm decisions on the basis of economic efficiency, the resulting damage to 

the ecological system and the negative feedback to the agricultural system may reveal the choices to 

be nonoptimal.  Failure to account for interactions between the agricultural and ecological systems 

results in an incorrectly framed decision, from which even correct application of economic 

principles cannot recover an optimal solution. 

Models of farm-level decision making typically ignore this connection between the natural 

and managed systems.  The interaction is seen as unidirectional, with management influencing the 

environment, but not vice versa.  The exclusion of the environment's effect on farm productivity is at 

least partially related to management decisions that are not environmentally sound.  For example, 

waste flows from the farm into the surrounding environment, but is assumed to have no negative 

effect on farm productivity, and hence, incurs zero private cost for the farmer.  The productive value 

of natural resources is assumed static.  For example, added inputs like fertilizer are assumed to be 

required to increase the marginal product of natural inputs like soil, but yield improvements from 
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gains in nutrient cycling efficiency due to organic matter are ignored.  The payback period for 

practices that protect the natural system is considered too long to have relevance in the farmer's 

planning horizon.  For example, the immediate effects of soil conservation in terms of nutrient 

management and soil health are not valued. 

Environmental quality is of vital and immediate importance to farm productivity, and 

farmers' management decisions directly influence this factor.  This paper discusses a framework for 

a farmer decision model that explicitly recognizes the agroecosystem as a combination of 

agricultural and ecological systems, and links biophysical and economic factors that should be 

considered when selecting management systems.  

Biophysical Factors and Economic Decisions 

Biophysical factors affecting farm productivity are based on the three functions performed by 

the environment: 1) supplying resources as inputs to production activities, 2) assimilating waste 

byproducts of production (or consumption) activities and 3) generating aesthetic commodities that 

are directly consumed by the farmer (Pearce and Turner 1990).  Soil and water are examples of 

resources as inputs to the production process.  Their quality can be degraded and their availability 

depleted by use.  Quality and availability of these inputs affects the efficiency of other inputs, such 

as chemical fertilizer.  If the total use level is greater than the renewal rate, a renewable resource can 

be exhausted, even if there is only a single user.  Reduction in quantity or quality of such resources 

forces changes in the farmer's management strategies. 

Waste assimilation capacity is also limited, subject to the quantity, flow and characteristics of 

the byproducts processed and the assimilation medium.  For example, water can take in and dilute 
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nutrient runoff or leachate, but at some point with continued disposal, water quality is degraded.  A 

decline in quality of the assimilation medium (soil, water, air) in exchange for byproduct removal 

may be acceptable to the farmer, but with severe degradation, the assimilation efficiency declines 

and the capacity is exhausted.  As this occurs, the production choices open to the farmer become 

restricted. 

Aesthetic commodities include quality of life factors that are sometimes cited by farmers as 

reasons for farming, for example, attractive outdoor surroundings.  Degradation of environmental 

quality on farm may result from production decisions made, although the effect may be gradual 

enough to not attract attention until some threshold level of degradation is reached.  The degree of 

negative changes (or positive ones) may affect the farmer's satisfaction with farming as an 

occupation and a lifestyle, with implications for continuing the operation. 

Models of farmer decision making usually focus on market conditions.  A farmer's objective 

in production in a given year is usually assumed to be maximization of net revenues.  Extended over 

a multi-year planning horizon, the farmer maximizes the sum of the discounted or present value of a 

stream of net revenues.  The usual formulation of this model accounts for price of output, yield, 

input use and cost of inputs, but ignores biophysical factors related to the net revenue calculations 

and the sustainability of the revenue stream.  When on-farm costs and returns related to biophysical 

factors are not included in the net revenue function, the decision is predicted without full 

information about its effects.  If the effects are negative, the solution overstates the net returns.  If 

positive, the result understates net returns from the decision made.   
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Biophysical models that have been proposed for assessing the effects of decisions on 

ecosystems maximize ecological features of a system - sustained yield, energy, or embodied energy 

(emergy).  The optimization approach for biophysical models maximizes sustained yield of 

renewable resources by balancing harvest and regeneration or balancing assimilative capacity and 

waste (Pearce and Turner 1990).  Energy models maximize the use of energy and information 

content of byproducts of production, which, if not used would be waste (Tiezzi, Marchettini and 

Ulgiati 1991).  The efficiency of energy flows is measured by the ratio of energy equivalents of 

outputs to energy equivalents of inputs.  Emergy models maximize total usable products and services 

in the system on the basis of the work, measured in a single type of energy, that went into making 

them (Odum and Arding 1991).  These models ignore market signals (prices, costs, discount rates), 

and thus the optimum is not often in agreement with the solution obtained from an economic model 

of the same system.  

Emergy analysis places an inherent value on nonmarket goods and biophysical factors, 

independent of humans' valuation of worth.  For a farmer motivated by private benefits and costs, 

the emergy approach produces something closer to public values, which the farmer would not 

incorporate into the decision process.  On the other hand, the economic model can only correctly 

account for the private valuation if the ecological connections are known.  The implication is that the 

ecological and economic models should be combined.  There are limits on biophysical factors such 

that overuse exhausts current supplies, and may eliminate the capacity for regeneration.  Economic 

decisions affect the levels of these factors, which in turn may restrict or augment management 

options.  
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Economic models usually ignore economic-environment complementarity, where material, 

energy and information inputs are combined by agents to produce an output.  Christensen (1989) 

argued that economic models that treat all inputs as substitutes and isolate marginal products of 

inputs from the effect of other inputs violate the biophysical rules that underlie the production 

process.  By incorporating the three functions of the environment into the economic model, 

biophysical limits may be explicitly imposed. 

Klaasen and Opschoor (1991) discussed the significance of incorporating environmental 

considerations in sustainable development using postulates of ecological economics.  Among their 

conclusions was the idea that environmental systems change in response to human activities.  They 

also suggested that the three uses of the environment in human activities are intertwined, so that 

economic growth is restricted in nonadditive ways by degradation of quality and quantity of 

environmental assets.  Welfare is thus more than the sum of individual discounted preferences, 

because maximization of welfare also requires environmental compatibility of a system. 

Subsidies, taxes or penalties may be used to induce farmers to adopt practices that maintain 

or enhance environmental quality.  This approach is based on the assumption that public benefits and 

costs are generated by farmer decisions that can only be influenced through external financial 

incentives.  If private benefits and costs of environmental impacts are recognized by farmers, their 

decisions will be altered without the necessity of external financial inducements.  Such incentives 

reinforce the behavior change through additional costs or returns, but do not alter the underlying 

relationships driving the economic decision.  Such behavior is not self-reinforcing. 
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Behavior moderated by financial incentives is not sustainable in the absence of repeated 

intervention (De Young 1993).  Coercive pressure has been shown to be effective in environmental 

behavior change, but generates negative reactions among individuals.  Application of personal 

knowledge and local experience to addressing environmental problems enhances creativity and 

results in a diversity of solutions.  When individuals perceive a role for themselves in determining 

appropriate environmental behavior, they feel more responsible for the outcome.   

In the agroecosystem case, knowledge about the interactions between the economic and 

ecological systems is expected to encourage selection of production practices that account for the 

on-farm economic impact of environmental degradation.  De Young et al. (1993) showed that 

providing information on potential household economic and environmental benefits of waste 

reducing behavior among consumers motivated behavior changes favoring source reduction.  

Extending this result to farmer decision making suggests that information about the on-farm 

economic effects of externalities may be one way to generate sustainable behavior change.  

Incentives such as taxes and penalties constrain farmer decision making in an indirect way by 

making an input or practice more expensive.  This approach distorts the market.   

To the extent that recognition of the effects of biophysical constraints on management 

practices can generate the same reduction in externalities, supplying information should be preferred 

to taxation and penalties on efficiency grounds.  This approach appeals to economic self-interest and 

promotes personal responsibility by clarifying the linkage between environment and productivity.   
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Decision Model for the Farmer 

From the analysis presented, the decision model for the farmer should incorporate the 

interactive effects of the environment on production decisions.  Previous work in this area has 

included system comparisons and optimization models.  Frequently, maximization of consumer 

utility, rather than producer revenue, has been the objective in the optimization models that 

incorporate biophysical constraints on the decision. 

The simplest approach employed is ranking production systems on the basis of separate 

criteria for ecological and agricultural goals.  Giampietro, Cerretelli and Pimentel (1992) defined a 

food system cycle for management of wastes, inputs, available food and accessible food, subject to 

constraints of natural cycles, agricultural production, the food chain and consumption per capita.  

The operationalization of this model consisted of measuring energy flows in the natural and 

managed production systems.  In this method, there was explicit recognition of the trade offs 

between ecological and agricultural outputs, but selection of the optimal production system 

depended on indicators of sustainability measured purely in biophysical terms.  

Barbier and Markandya (1993) modeled consumer utility as a function of consumption and 

environmental stock.  Change in the environmental stock is dependent on consumption decisions.  

Degradation is portrayed as a function of waste assimilation and harvested and extracted resources.  

Biophysical constraints for sustainability require that waste generation equal assimilative capacity 

and that renewable and exhaustible resource use equal regeneration.  Under utility maximization, it 

is shown that failure of the economic process to meet the biophysical constraints leads to long term 

system collapse.  
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Crocker and Tschirhart (1992) proposed a model of consumer utility in an ecosystem 

consisting of predator that kills mice, which in turn feed on grain that is combined with labor to 

produce bread.  Intervention in the ecosystem is evaluated in terms of the changes in stored energy 

for each species (predator, mice, grain) as the activities of growing grain and killing predators are 

undertaken.  Utility is modeled as a positive function of bread and leisure and a negative function of 

the predator species, represented by its stored energy.  Constraints on bread production and labor 

allocation are accompanied by constraints on stored energy transfers that track the effects on mouse 

population and hence on grain production of killing predators.  A Pareto optimal solution that 

incorporated the effects of intervention measured in energy transfers was derived.  In the first order 

conditions, the energy flows were assimilated into the requirements that marginal rates of 

substitution equal marginal rates of product transformation.  Using labor for one activity affected not 

only the total leisure available, but also the allocation of stored energy among the three species in the 

system, of which only grain resulted in an output (bread) that was positively related to utility.  This 

framework explicitly describes the externality effect on bread production of labor spent on predator 

extermination, thus linking utility to ecosystem intervention through a market good for which 

consumer behavior may be observed.  

Vandermeer (1990) showed that agroecosystems can be chaotic and unpredictable.  A system 

of equations was used to represent input use in current time as a function of the ratio of current 

output and input prices, yield in the next time period as a function of current input use, and next 

period's price ratio as a function of next period's production.  Comparative statics results were used 

to establish that if the change in next period's output with respect to this period's input is negative for 
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large input use, the agroecosystem exhibits chaos.  For cases where ecological exhaustion occurs due 

to overuse of agricultural inputs, such a relationship may hold.  This approach models the 

coevolutionary effects of ecological and economic systems, using sequential feedback to show how 

each affects the progression of the agroecosystem. 

Perrings (1993) incorporated carrying capacity as a biophysical limit in a dynamic model of 

rangeland management.  Producer welfare is a function of herd size, carrying capacity and cattle 

removal or offtake, with offtake as the decision variable.  Optimal offtake is determined by the 

current values of the carrying capacity and herd size, with a closed loop, sequential control so that 

changes are updated in the model.  The effects of economic and ecological stresses on the system 

were evaluated through equations representing ecological (above maximum sustainable grazing) and 

economic (above economically optimal grazing) overgrazing.  Simulation results demonstrated that 

economic factors limit the sustainable use of resources in an ecological system, under the 

assumption that carrying capacity will always recover in the long run.  Wide variance in economic 

parameters may result in system collapse. These models demonstrate that the assumptions relating 

the biophysical limits to the economic decision variables determine the optimal solution.  Using as a 

guiding principle the three functions for the environment, and combining the net revenue 

maximization problem of a farmer with the environmental considerations and biophysical limits that  

must be faced might result in a model like: 
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where pi is price of output, yi is yield, xi are inputs for which efficiency depends on environmental 

quality (pesticides, fertilizers, etc.), ei is on-farm or local environmental quality, zi are inputs for 

which efficiency is independent of environmental quality (fuel, tractors, etc.), si and ci are costs of 

the inputs xi and zi, wi is the cost of achieving environmental improvement, γi is the nonmarket value 

of environmental quality and δi is the discount rate.  

For a crop rotation of length T, the farmer chooses environmental quality and quality 

independent inputs to maximize the sum of discounted net revenues and farmer-identified value of 

environmental assets that affect quality of life on the farm.  Output is a function of both inputs that 

depend on environmental quality and those that do not.  The key relationship is the form of xi(ei).  

Environmental quality is translated into changes in output through the interaction of quality and 

input efficiency. 

Omitting the discount factor, which affects all terms, the first order condition for net revenue  

maximization with respect to environmental quality is 

 

Environmental quality, ei, acts as an adjustment factor on input use, xi.  Equation 2 equates the 

marginal value of environmental quality with its cost, and explicitly links quality to the production 

process.  This condition states that the marginal value of quality-adjusted inputs and of the aesthetic 
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commodity should equal the marginal cost of quality-adjusted inputs and of the environmental 

quality level selected.  If improved environmental quality enhances the efficiency of an input, the 

marginal return to the input should increase and the marginal cost decrease.  Aesthetic commodity 

value and cost of environmental improvement also are important, and may be nonlinear functions of 

environmental quality rather than as portrayed in this model.  Data are needed to test functional 

forms. 

To incorporate biophysical limits in this model, a constraint on environmental quality might   

be 

 

where environmental quality is a function of the difference between last period's assimilative 

capacity, ai-1, and generated waste, wi-1, and of the difference between last period's biological 

regeneration capacity, bi-1, and resource use, ri-1.  By requiring that the differences equal zero, a 

sustainability requirement based on carrying capacity can be imposed on the decision model.  Other 

constraints on the production process may be imagined.  Comparative statics can be used to show 

how policy outcomes differ when using this type of model compared with those in which ecological-

environmental linkages are not made.   

 

 

 

Conclusions 
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The coevolutionary nature of ecology and economics makes it difficult to develop a 

behavioral model to assess optimal agricultural systems adoption.  A model that accounts for the 

value of environmental functions on-farm may be used to choose an optimal level of environmental 

quality, which in turn affects input efficiency and quality of life for the farmer.  It is unclear whether 

this model reflects actual farm decisions, since there is little research on how much knowledge 

farmers have regarding the linkages between biophysical and economic factors. 

One role for ecologists and economists may be to develop factual information about the 

interactions suggested in the model, and about value placed on aesthetic commodities by farmers.  

Restricting the scope of the model to the farm level implies that information, rather than financial 

incentives, may be the most appropriate policy tool for behavior change.  The outcomes of input and 

environmental quality choices are directly relevant to the farmer's present net value in farming. 

The proposed model limits all effects to the same time period.  Recursive or intertemporal 

effects used by Vandermeer (1990) and Perrings (1993), operationalized with sequential feedback 

loops, express the coevolutionary nature of ecological and economic factors.  Such relationships may 

be simulated to establish the sustainability of decisions.  Future work will focus on this extension. 
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Market Incentives for Protecting Red-Cockaded Woodpecker Habitat 

This paper focuses on the use of market incentives to enhance the endangered red- 
 
cockaded woodpecker (Picoides borealis) (RCW) recovery.  These incentives indirectly act to  
 
protect the longleaf pine ecosystem which is the habitat of RCWs. 
 

RCW Ecology 
 

First a discussion of the important aspects of the birds ecology may help place the 
 
 economic issues in perspective.  The RCW is closely tied to the distribution of the Southeast’s 
 
 longleaf pine ecosystem.  Historically there were 92 million acres of suitable RCW habitat 

(primarily longleaf pine) in the Southeast.  This vast fire maintained ecosystem could have 

supported as many as 400,000 groups of RCWs.  These birds live in social units called groups.  

A group usually consists of a breeding pair, the current years offspring, and one or more male 

helpers.  A group may contain from 1-9 birds, but never more than one breeding pair.   

Today, less than 3 million acres of longleaf pine forest remains, all of which, with the 

exception of 2-4,000 acres, is second or third growth forest.  The U.S. Fish and Wildlife Service 

(FWS) estimates that about 4,694 RCW groups survive (3341 on Federal lands, 384 on State 

lands, and 969 on private lands) (Costa and Walker, 1994).  The current distribution of this non-

migratory, highly territorial species is restricted to the remaining fragmented parcels of suitable 

pine forest in 13 Southeastern states. 

The RCW exclusively excavates its roost and nest cavities in living pine trees which are 

generally infected with a heartwood decaying fungus (Jackson, 1977; and Connor and Locke, 

1982).  This fungus does not occur in trees until they reach the ripe old age of approximately 80 

years (Wahlenberg, 1946, 1960; and Clark, 1992).  Each group member has its own cavity, and 
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the aggregate of cavity trees surrounded by a 200 foot forested buffer is called a cluster.  These 

birds also forage almost exclusively on pine trees.  Hardwood understory can interfere with the 

foraging activity of the bird.  Their preference is for pines greater that 10 inches in diameter at 

breast height (DBH). 

From a conservationist point of view, another unique and important characteristic of this 

bird is that we can successfully translocate the juvenile RCW’s.  Translocation is presently not 

successful with the adults, but the adults will use artificial cavities if placed in their existing 

territories.  Both of these characteristics allow biologists to enhance existing RCW colonies and 

assist in pioneering new colonies. 

Endangered Species Act (ESA) Requirements 

Federal agencies are required under Section 7 of the ESA (1973) to carry out programs 

for the conservation and recovery of listed species.  Based on these responsibilities foraging 

habitat requirements have been established for RCW on Federal lands.  They require Federal 

agencies to establish at least 125 acres of foraging habitat for each RCW group and maintain 

approximately 6100 sq. ft. of basal area in 10 inch DBH trees. 

In contrast to Federal responsibilities to conserve and hence recover species, private 

parties are only required to avoid taking a listed species under Section 9 responsibilities.  Private 

lands guidelines recommend that landowners retain a minimum of 60 acres of foraging habitat 

for each RCW group and maintain 3000 sq. ft. of basal area.  This is half of the area required for 

recovery of the species.   

Under Section 9 of the ESA, private landowners must avoid “take” of the RCW.  

Traditional timber management practices can find private landowners in violation of the ESA 
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(i.e. clear cutting).  In response to the conflicts of economic goals of private parties and 

endangered species conservation the ESA was amended in 1982 with an incidental take permit 

(Section 10(a)(1)(B).  This permit provision includes as part, the development of a Habitat 

Conservation Plan (HCP).  The permit would authorize incidental take provided that “such take 

is mitigated by appropriate conservation measures for habitat maintenance, enhancement and 

protection coincident with development.”  An incidental take permit could be awarded if it were 

determined that taking will not appreciably reduce the likelihood of the survival and recovery of 

the species in the wild. 

Market Incentives 

In the case where landowners have isolated groups of birds on their property, we are 

proposing the development of a certificate program to be incorporated into a state-wide HCP.  It 

is asserted, and trends indicate that the bird existing on these isolated tracts of land will be lost 

due to demographic, habitat alteration, and perhaps genetic problems.  The genetic reserves 

contained in these small groups of birds have potential significance in maintaining population 

viability and thus warrant preservation. 

An RCW-HCP could allow participating private landowners to alter habitat with the 

incidental take permit.  The required mitigation would be the translocation of juvenile birds to 

establish breeding pairs on protected lands to replace the breeding groups affected.  Participating 

landowners would follow land management practices which allow or enhance the production and 

removal of RCW juveniles.  These juveniles would be translocated onto permanently protected 

and managed property.  A Transferable Endangered Species Certificate (TESC) would be issued 

for juvenile production and relocation.  A HCP steering committee would determine the number 
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of TESCs which would be required to be deposited with the appropriate agency or representative 

to allow habitat alteration that would negatively affect the bird.  The number of certificates 

required for alteration directly regulates the marginal price (cost) to alter the habitat or the 

marginal revenue (benefit) from producing birds.  A landowner desiring to cut timber with RCW 

present would be required to acquire the necessary number of TESCs either by accumulating 

TESCs on their own property or purchasing them from other landowners within the same 

physiographic area at market value. 

There are two components of economic incentives functioning within this program.  The 

principle factor is the reduction of transaction costs in using a statewide HCP.  The second 

component lies in supporting the statewide HCP with direct economic incentives through the 

TESC program.  Both of these features will provide a reduction in the lost opportunity cost 

experienced by forest landowners with RCW. 

The transaction costs associated with ESA compliance increase the marginal cost of 

timber or development operations on private lands.  These costs include but are not restricted to 

the costs associated with the required environmental assessments and legal paperwork, and the 

opportunity cost of the time required to comply with the specifics of the HCP.  An HCP for a 

particular site could cost from the tens of thousands of dollars to the hundreds of thousands, 

depending on the number of listed species involved, the scope of the HCP, and the extent of 

mitigation required to minimize the taking.  These costs are direct costs of assessment, 

compliance and mitigation and do not include opportunity costs.  Opportunity costs in the form 

of restriction on the use of private property or any alteration in business management are also 

direct costs of compliance with the ESA. 
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The benefits of using statewide HCPs would be to spread and/or transfer the burden of 

HCP development transaction costs among many potential interested and/or affected parties 

including governmental, landowner, and environmental groups.  There is a gain in economies of 

size in statewide HCP development.  A single statewide HCP would comply with environmental 

assessments, the Federal paperwork, and set out broad guidelines for mitigation under “taking” 

of RCW. 

The TESC component offers landowners an opportunity to moderate the negative 

economic impact and burden of protecting the nesting and foraging habitat while at the same 

time assisting in the conservation of the RCW.  The use of TESCs reduces the costs of RCW 

protection by decreasing the postponed or forgone timber revenues which are presently 

exchanged for RCW Habitat.  With TESCs, the landowners could cut timber resources sooner, 

decreasing the opportunity costs incurred.  The use of TESCs would also institute private value 

for the RCW.  This could function to preserve habitat on private lands and speed the recovery 

process for the RCW.  Once the bird is perceived as having potential economic benefits for a 

landowner s/he may opt to follow land management practices which utilize long timber rotations 

and enhance wildlife production.  The use of a statewide HCP with marketable certificates would 

provide landowners with management options not presently available, reduce some of the costs 

associated with RCW protection, and conceivably reverse the forty percent loss of RCWs on 

small tracts of land documented in several Southeastern states over the last ten years (Table 1). 

Market Implementation 

Establishing a TESC market for RCWs would require the designation of a steering 

committee for each statewide RCW HCP.  The steering committee would be responsible for 



 
 

 159

identifying and addressing questions such as: the number of individual landowners in the 

potential market; the number of birds within a specified physiographic area.  Other issues will 

depend on biological, legal, and economic information.  Some of these questions are: the number 

of credits necessary to alter habitat; pricing of certificates; the number of genetic stocks and 

potential “safe” mixing of those populations, and applicability of trading between states.  The 

TESC market will be segmented and based on 1) the number and distribution of applicants and 

the RCWs, 2) the genetics of the bird, and 3) the location and size of the land holdings. 

The demand for RCWs/TESCs is a derived demand from the demand for timber or some 

other development activity.  Using timbers as an example, this simply implies that as the demand 

for timber increases the demand for certificates also increases.  The market demand would be the 

standard individual aggregate summation as we propose only private landowners within the HCP 

would have trading rights.  In other words outside groups would not be allowed to interfere with 

an orderly market process.  The distributional effects from the market exchange for certificates 

would be neutral within the private landowner/forestry/development set as a whole.  Other than 

the transaction costs and project administration there would only be an income effect, depending 

on whether the party is buying or selling the certificates.  This income effect is only a 

redistribution of resources already existing within the affected sector of enterprise. 

The value of the TESCs/RCWs will increase or decrease depending on the number of 

certificates needed to cut the timber resources.  This number is defined by the steering committee 

and reflects the genetic and demographic issues described earlier.  The required number of 

certificates could be different for differing physiographic areas due to market or genetic 

considerations, and likely would change as the bird achieves recovery in a given physiographic 
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area. 

Conclusions 

The use of TESCs has the prospect of greatly enhancing the recovery efforts for the RCW 

by placing positive dollar value on the bird.  Landowners will benefit from the decreased costs 

associated with the protection of nesting and foraging habitat, the increase in available timber 

management options, and the opportunity to pursue the new economic enterprise of selling RCW 

certificates while assisting in the recovery of the endangered bird.  These benefits may 

encourage some landowners to exercise timber and land management practices which allow for 

the production of RCW juveniles and continued protection of RCW habitat on private lands. 
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Table 1. Overview of current costs and benefits and expected costs and benefits associated with 
the protection and recovery of the Red-Cockaded Woodpecker (RCW) by small private property 
landowners (less than or equal to 1,000 contiguous acres) with and without the use of 
Transferable Endangered Species Certificates (TESCs) 
 
     _____________________________________________________________________ 
  
                  Current Costs          Expected Costs       Current Benefits     Expected Benefits 
       (w/out TESCs)         (with TESCs)           (w/out TESCs)        (with TESCs) 
                 _____________________________________________________________________ 
 
Timber       Forgone timber          Cost of TESC             None                       Able to cut timber 
                    Revenue                     Decreased 



 
 
                                                      opportunity cost 
  
RCW           Full cost of                Negative cost              None                      Will have positive 
                    Protecting RCW         because can                                               dollar value 
 
Society’s     Private landowner      Market will bear        Recovery                 Recovery, possibly 
RCW           bears cost for             partial cost for                                            faster 
Recovery    society                        society 
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The Implicit Valuation of Resources Within the 
African Agricultural Household 

Introduction 

Sustainability of traditional farming methods in Africa increasingly has been brought into 

question in the light of present population pressures, deepening economic crises, and the ever-

present natural resource/environmental problems.  This has led to considerable research on the 

adoption of technologies aimed at improving productivity.  Hard questions are now being asked 

about whether current agricultural policies, extension services, and technology transfers are 

capable of creating reliable agricultural surplus needed among the farming households that form 

the mainstay of African agriculture. These questions become even more pertinent, given the high 

costs, cited by several studies, involved if African agricultural systems are to be modernized 

along Euro-American lines.  Besides, farming technologies developed in temperate climates 

have, more often than not, proven inapplicable in tropical regions due to edaphic and other 

technical reasons (Ridell and Campbell; 1986). 

Research into the interaction between traditional farming methods and their 

environmental consequences within the economic, social, and political/institutional framework, 

is required to fully assess the strengths and limitations of existing farming systems as they 

evolve in response to contemporary developments.  In particular, an approach that targets the 

farming household and its agricultural production strategies, while paying particular interest to 

gender differences and intra-household decisions that affect sustainability and technology 

adoption, demands attention.  This study examines the central processes that characterize the 

agricultural household in Cameroon, Africa, and highlights the economic complexity that 

underlies household resource use.   

The diversity of Cameroon's agricultural economy is rooted in ecology and local ethnic 

practices and preferences.  Farming households in which operational decisions and much of the 

labor comes from the same household, and a high proportion of agricultural production is 

retained within the household, are predominant in Africa.  One of the peculiarities of the African 
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farming household is that they are in transition from subsistence to commercial farming.  The 

major factors which determine the sustainability of these farming systems include population 

growth and a rural capital-poor population that is reluctant to fully adopt available crop 

technologies, resulting in degradation of land resources and reduced productivity.  These factors 

reflect, to a large extent, the conditions of uncertainty brought about by the economic and social 

environment in which agriculture in transition from subsistence to commercial farming is 

functioning (Goetz, 1992; Fafchamps, 1992; Finkelshtain and Chalfant, 1991).  This transitional 

environment reflects the technical and economic aspects of farming, including the supply, 

transformation, and regulation of agricultural production, and is also the driving force of the 

agricultural development mechanism (Hunek 1986).  

The theory of the farming household is essentially the theory of the utility-maximizing 

household firm.  However, the farming household differs in at least three important 

characteristics:  First, as opposed to the firm that sells all its output and purchases all its inputs in 

the market at market prices against money payments, part of the farm household firm's output 

goes to the household and part of the input comes from the household.  Second, even if the 

household firm simply transfers in kind a part of the household input potential into the firm and a 

part of its output to the household, the absence of complete markets for some of the inputs and/or 

outputs precludes direct economic theorizing.  Finally, since the household is a farm enterprise, 

there are further theoretic complications, owing to the peculiar technical characteristics of 

agriculture, the institutional milieus governing the use of inputs and disposal of outputs, and the 

fact that the farm is usually a multi-product firm.   

Recognizing these theoretically crucial characteristics of the farming household, the 

approach used in this study will be a hybridization of the 'new home economics' theory 

complemented by contributions on theory of the family farm by Nakajima (1969) and Singh, 

Squire, and Strauss (1986), and on peasant economies with imperfect markets by de Janvry, 

Fafchamps and Sadoulet (1991).  This allows for an economic analysis of not just the 

interdependence of consumption and production decisions of the household, but also the 
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incorporation of the socio-economic environment which shapes production relations within 

which the household participates, and the cultural organization (characterized by gender-

differentiated roles) of the household.  Generally, agricultural household production models treat 

the household as a solitary unit, consisting of homogeneous decision-makers.  By so doing, they 

obscure not only the gender-differentiated effects of technical strategies but also some of the key 

forces responsible for bringing about changes in these strategies (Udry 1995; Abdulai and 

Delgado 1999). 

More recently, “collective” household models (see Doss, 1996; Bourguignon and 

Chiappori, 1992) hold that the agricultural household constitutes a collection of decision units, 

each with its separate and measurable utility.  Decision making is thus a complex process that 

can nonetheless be understood through the basic assumptions, or “sharing rules”, which guide 

the determination of the final outcomes of the bargaining process.  These sharing rules 

differentiate, to a great extent, the collective models from each other. 

For the African agricultural household in a land surplus economy, a critique of the 

relevance of the bargaining approach to modeling agricultural households would arise with 

respect to the area of emphasis of these models - household consumption.  Most of these models 

were developed assuming household production decisions are driven by the national economy.  

Where these economies are well developed, the factors of production within the household and 

factor wage rates can be standardized at a national (or industry) level, such that the production 

process per se brings nothing new to the literature.  Thus, the lack of emphasis on the production 

side is conspicuous in the household model literature.  Within the developing world, and sub-

Saharan Africa in particular, the economic infrastructure and institutions are such that the 

household production process per se and the ability to utilize household factors of production 

guides the final outcome of the bargaining process.  It is pertinent, therefore, to be particularly 

cognizant of the processes surrounding production within the household rather than only 

examining closely the final process of distribution and consumption.  



 

 167

This study proposes a ‘separate spheres’ household production model of the semi-

subsistence agricultural household in a land-surplus economy.  Using gender as the focus of 

disaggregation, this model measures and explains the valuation of agricultural labor as 

manifested in the consumption and production decisions of the African agricultural household.  

That is, men and women within the same household confront everyday survival in varying, 

subjective ways.  We posit that it is more precise to regard the household as being composed of a 

bundle of rules, rights, and obligations, whereby the influences of production and consumption 

within the household are functions of gender relations.   Hence, the agricultural household model 

represented here is that of semi-subsistence production, structured by patriarchal relations of 

production among members of the household.  The remainder of the paper proceeds as follows.  

First, the theory behind the separate spheres agricultural household model is presented, along 

with an appropriate econometric specification.   Following a description of the study area and 

data, the empirical analysis of the African farm household in the humid forest benchmark is then 

discussed.  Our conclusions are presented in the last section. 

 

Conceptual Model of the Agricultural Household 

Household Consumption  

The African agricultural household in the Humid Forest Zone (HFZ) is modeled as a 

single consumption unit, wherein farm-produced goods and market-purchased goods are defined 

as household goods and jointly consumed by all household members.  Leisure1, or residual time 

activity, however, is considered to be an individually consumed good, which is primarily 

influenced by time spent on agricultural activities.  This characterization of the household=s 

consumption implies income pooling, because, within the African agricultural household, where 

production activities are determined by gender, disaggregating utility is not expected to yield 

                         

     1Leisure is defined as time spent on non-economic activities.  It includes time spent on recreational and 
household reproduction activities but not on sleep.  
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further information, and what is usually tested as the alternate hypothesis (that female-controlled 

income is more likely to be spent on household consumption goods) is taken here as given.  

Further, studies providing a perspective on income pooling within the household do so by 

measuring the welfare effect of remittances or other unearned income.  This follows from the 

fact that direct tests of the income pooling assumption using labor income may lead to biased 

parameter estimates due to the endogeneity of labor income.  Biasedness would occur because 

the error term of the explanatory variable - labor - is correlated with the error term of the 

dependent variable - consumption of leisure - as it incorporates factors which influence labor 

supply decisions (Haddad, Hoddinott, and Alderman, 1997). 

A fundamental feature of the agricultural household in the humid forest zone is that its 

members operate under what is classified by Hyden (1986) as an ‘economy of affection’2 that 

denotes a high level of support, communication, and interaction.  This relationship, which 

develops from the internal support structures of the household, expands to the rest of the 

community and is necessary to safeguard physical and social reproduction.  For analytical 

tractability, the household utility function is assumed to depend on consumed farm goods c, 

purchased goods g, husband’s leisure lm, and wife’s leisure lf, and is conditioned by household 

characteristics h.  Household utility is thus assumed to be well behaved B strictly quasi-concave, 

monotonically increasing, and twice continuously differentiable B and weakly separable in 

leisure such that the marginal rate of substitution between any two jointly consumed household 

goods is independent of  leisure .  This aggregate household  utility  

                         
     2 The term does not refer to fond emotions per se.  Rather, it denotes networks of support and interactions 
among groups that are connected by blood, marriage, community or other affinities.  In most African countries, 
despite the autonomy of each member=s production, household members generally cooperate with each 
other, presumably to safeguard physical and social reproduction under conditions where the 
margin of survival is very small (Hyden, 1986, 1994). 
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      (1)   

        is maximized subject to the full income constraint: 

(2) pcc+pgg+w11m+w21f=II(p,r,Tm-1m, Tf-1f,k;z)+E 

 This constraint incorporates both the household=s time constraint and cash income constraint, 

with the cash income constraint determined by the household profit function defined as follows.  

Vectors p and r are output and input prices, respectively, while w is the shadow wage rate of 

labor with subscripts 1 and 2 representing men and women, respectively.  Additionally, k is the 

level of the fixed input, while z is a vector of farmer characteristics.  The difference, Tm- lm = M, 

represents the total time available to men for agricultural work, and Tf - lf  =  F is the total time 

available to women.  Here, socially ascribed gender roles imply a differentiated representation of 

household labor decisions.  For simplicity of estimation, all non-farm income is aggregated into 

E and considered exogenous to the household’s agricultural decision making process3.  

                         

     3Such an assumption would not be incongruous, given that roughly 100 percent of the wives and over 90 
percent of the men in the survey considered farming to be their primary economic activity. 

U=U(c,g,lmlf;h) 
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In the absence of complete labor markets, the household constraint defined above, 

together with the specification of the household separable multi-output profit function, 

constitutes the crux of the separate spheres household model.  By explicitly providing for a 

measurement of labor productivity differences between men and women, this approach to 

modeling the African agricultural household situates the household production model within its 

socio-cultural context.  Men’s and women’s provision of agricultural labor, M and F, comprise 

the determining factors of household income.  Household income, in turn, is an explanatory 

variable in household consumption.  In other words, household utility and profit maximization 

cannot be dichotomized, as the shadow prices of M and F are endogenous, since there are no 

complete markets for labor (especially for female labor).   

In the presence of endogeneity, the conventional approach is to assume the household=s 

labor supply decisions are made according to a two-stage decision process (Barnett, 1981;  

Deaton and Muelbauer,1980).  In the first stage, the household maximizes farm revenue as a 

function of exogenous price variables, p and r, and the endogenous labor variables, M and F.  By 

so doing, the household chooses its levels of leisure and farm revenue as a function of the 

predetermined  price variables, p and r, and the endogenous labor variables, Tm- lm = M, and  Tf - 

lf =  F, yielding optimal levels of the labor variables, M* and F*.   The agricultural household, in 

the second stage,  maximizes utility from household goods c, g, lf , and lm, given the profit 

function   Π*( p, r, M*, F*).  This is equivalent to assuming that solution of the household=s 

utility maximization problem is such that its utility is maximized at the equilibrium point where 

the demand for agricultural labor from the production part of the model equals the labor supply 

(Tm- lm = M, and  Tf - lf =  F) from the consumption part of the model.  Or, the marginal rate of 

technical substitution of labor calculated from the profit function is equal to the marginal rate of 
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substitution of leisure calculated from the consumption segment.  From this equilibrium 

condition, the household profit function is derived as: 

(3) II*(p,r,Tm-1m*,Tf-1f*,k;z)=φ                                                                               

with Tm-lm* and Tf-lf* representing the equilibrium levels of M and F at which the household 

members maximize their revenue, and the full income constraint then becomes 

(4) pcc+pgg+w1lm+w2lf=II*(p,r,Tm-lm*, Tf-lf*,k;z)+E= φ 

 which can be rewritten as: 

(5) pcc+pgg+w1lm+w2lf= φ = II 0+E+w1lm+w2lf                    

where w is the derivative of full income ϕ at the optimal value of leisure (lm*, lf*),  Π0 is the 

income at the equilibrium quantity of  labor minus the value of labor.  This full-income budget 

constraint highlights how household composition and differences in opportunity costs among 

various members contribute to the value of time available to the household.  Assuming the usual 

well-behaved utility function, the household maximization problem will then yield the following 

set of demand equations for leisure and non-leisure consumption goods:  

(6) c=c(pc,pg,w1,w2,Γ;h) 

g=g(pc,pg,w1,w2, Γ;h) 

(7)  lm=lm(pc,pg,w1,w2, Γ;h) 

(8)  lf=lf(pc,pg,w1,w2, Γ;h)                                       

(9)  with Γ defined as:  Π0 + E - w1 lm - w 2 lf. 
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Household Production 

 The ‘separate spheres’ agricultural household model developed here implies that 

household production decisions are modeled such that the major resources - land and labor - are 

allocated to the different “production managers”; in this case, men and women.  Total 

agricultural labor units supplied by the men and women are jointly shared by both, under the 

assumption of an ‘economy of affection’ and characterized by gender-differentiated farm 

activities.  Then “managers” maximize revenues from their separate production, given the level 

of land, labor, and variable inputs available to them, as well as the  household’s aggregate 

consumption bundle.  The outputs from the separate production processes contribute to total 

household consumption of leisure and non-leisure goods (see Figure 1).   
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Figure 1. 

 

This ‘separate spheres’ agricultural household production model is a modification of the 

bargaining model in that the adults in the household conduct separate enterprises, manage 

separate budgets, and bargaining is implicit rather than explicit.  The sources of bargaining 

power, which include access to resources, relationship to household head, and one's biological 

position within the household, do not represent a withdrawal option, as in the bargaining model.  
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Rather, they provide leverage in household decision making in such a way as to influence 

preferences and expenditures.  This ‘separate spheres’ approach differs significantly from that of 

the ‘separate spheres’ bargaining model proposed by Lundberg and Pollack (1993) in that, as 

indicated earlier, bargaining is implicit rather than explicit.  Further, the emphasis of this 

agricultural household model focuses on the production relations of the household, while the 

Lundberg and Pollack model emphasizes the consumption and welfare decisions of the 

household.   

For simplicity, it is assumed at this stage that household resources of land and labor are 

already allocated to the separate production processes.  That is, decisions and activities in the 

first part of Figure 1, above the dotted line, have already occurred.  Further, the decision rule 

governing this allocation is largely influenced by the historical endowments of the household 

and is thus taken as given under the basis of an ‘economy of affection’.  Thus, three assumptions 

guide this specification of its production process (Just, Zilberman, and Hochman, 1983): (1) the 

assumption of an economy of affection implies that the labor input of men and women are jointly 

shared by both as fixed allocable inputs; (2) non-labor inputs are allocated to the men and 

women’s production activities separately; and (3) as such, the men and women=s output 

combinations are determined uniquely by their individual combination of inputs. 

The first assumption provides the source of jointness in the household’s multi-output 

production, while the last two assumptions ensure the specification of the two separate 

production functions corresponding to these two outputs.  These assumptions underlie the 

innovative features of this model of agricultural production within the African household:  that 

is, gender-specific production activities within an ‘economy of affection’.  Combined with the 

unitary household utility representation of the consumption side, these features make up the 
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essence of the ‘separate spheres’ agricultural household model.  The assumption of gender-

specific production decisions and activities thus leads to the specification of the household 

agricultural production as consisting of two separate production technologies with two outputs: 

aggregate output from the men’s fields and aggregate output from the women’s fields.  Here, the 

profit function approach is used because of its versatility in examining the production behavior 

and the price responsiveness of farmers in developing countries under a variety of market and 

institutional structures (Sevilla-Siero, 1991). 

Based on the three guiding assumptions, one method of obtaining the restricted  multi-

output profit function, which makes use of the gender-specific profit functions, is to choose the 

fixed input allocations that maximize the profit function (Chambers and Just, 1989; Moore and 

Negri, 1992): 

(10) II(p,r,M,F,k;z)=Max[Σπi(pi,ri,mi,fiki;z):Σ mi=M; Σfi=F]                        

given y and x are levels of outputs and inputs, respectively, with the remaining variables as 

defined earlier.  Assuming an interior solution B mi, fi, > 0 B to (11), the optimal allocations of 

the fixed allocatable inputs are derived as  

(11) mi* (p, r, M, F) and fi* (p, r, M, F),                                                                                       

  from the equilibrium condition for demand and supply of labor: 

(12) 
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Under regularity conditions, and because the quantities of the fixed allocatable inputs are 

observable, the two profit functions contain sufficient information about the underlying 

production technology at the profit-maximizing points and can be used to obtain the output 

supply yi and variable input demand xi functions: 
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The marginal income of labor is used as the measure of the opportunity cost of leisure 

(shadow wages), in the absence of labor markets (Fafchamps 1992; Thijssen 1988).   Estimated 

shadow wages (15) are then used in the second-stage estimation of the consumption side of the 

household model.  This is obtained by taking the partial derivative of the income from 

agricultural production with respect to agricultural labor: 
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Data and Methods 

Observations from a twelve-month survey of rural households in the HFZ in southern 

Cameroon are used in the empirical testing of the model.  The households fall within the forest 

margin benchmark of the International Institute for Tropical Agriculture (IITA).  Weekly 

household data on labor allocation to farm and non-farm economic enterprises and expenditure 
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were obtained on a bimonthly basis from 115 surveyed households.  Semi-subsistence 

households were targeted for this research, and thus the choice of villages was determined by 

market access.  Yaounde, the capital city, was considered the market-access focal point.  A 

striking difference from other regions in sub-Saharan Africa was the absence of  polygamous and 

extended family households, living under the same roof or within the same compound.  

Occasionally, the unmarried siblings of the household head and his wife or their children also 

lived with them; however, decisions on household day-to-day production were made within the 

nuclear family only.  This relationship is best expressed by one of the survey participants living 

with his widowed mother and adult sister: 

 "They [sister and mother] only live here because this is my father's house, but I am not 
responsible for them.  My sister eats from my mother's pot and farms with her.  I only help 
out, say in case of a medical emergency." 
 

To supplement household consumption, many households engage in “petit trade” - 

trading in non-locally produced consumer goods and/or home-processed food and non-timber 

forest products (40% of women and 59% of men).  Wage labor was usually related to farming. 

Farming, nonetheless, was the primary activity for 92% of the household heads, and 99% of their 

spouses.  Within this HFZ, it is considered the woman's traditional responsibility to provide for 

her household.  However, the combination of field types cultivated by all household members 

supply a culturally and nutritionally adequate diet.  In the HFZ, the predominant production unit 

is the household, with an adult male, his wife and children or relatives.  Thus, the farming system 

is fundamentally a two-field system, with each field controlled separately by husband and wife  

Table 1.   Characteristics of cultivated fields in the Humid Forest Zone, Cameroon, 1997. 
 

 Nkongmesse Evindissi Bondjock 

 
Characteristics 

Men’s 
 field 

Women’s 
field 

Men’s 
field 

Women’s 
field 

Men’s 
field 

Women’s 
field 
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Field Types (actual numbers) 

Groundnut field      0.0    64.0       0.0   68.0       0.0    65.0 

Mixed  food field      2.0      0.0       1.0     4.0        4.0    15.0 

Forest field      1.0      1.0       5.0     0.0      13.0      0.0 

Commercial field    28.0      2.0      4.0     1.0       2.0      0.0 

Cocoa field    30.0      0.0    36.0     0.0     31.0      0.0 

General Field Characteristics 

Size (sq. M) 2,223.2 3,653.4 2,801.8 4,957.7 3,250.7 4,269.6 

Distance (Km)       4.8      1.2       1.9      2.8        1.1       0.6 

Years of fallow     10.9      5.7     17.2     8.2      28.8      5.2 

Number of crops      2.0      6.0       3.0     9.0        3.0      5.0 

Annual Average Labor (hours)  

Husband’s 1,298.6  376.0  350.1    643.1 318.7    299.3 

Wife’s labor    271.0 1,409.2 123.9 1,602.6 410.8 1,076.9 

Other family labor    715.2 1,143.5 587.4 1,015.6 413.0 1,238.5 

External labor    824.9  143.8 547.2 77.3 192.9 158.5 

Hired labor        0.7      7.3   13.2      5.7    0.0     2.5 
Share of own-labor 
input in own-field 42.00% 46.00% 22.00% 48.00% 24.00% 39.00% 

Average Net Revenue and Cost of Productiona 

Net Value of Crops 254,676.1
0

275,893.
70

136,722.
40

160,790.
40

101,774.
80

141,709.
80

Variable Cost1 15,877.70 967.90 26,425.1 1,611.60 3,839.80 313.20 

Value of Seed Input 5,944.30 
34,030.6
0 9,914.70 

22,427.9
0

19,471.1
0 

23,626.3
0

 

a Currency is the CFA franc  (100CFA franc = 1 French Franc) 
1 Includes chemical inputs and wages paid for hired labor 
 
 Due to the wide range of crops commonly grown in a single field, the Tornqvist index 

was used to aggregate the production data into two output groups B men and women’s output B 

and six input groups B men and women’s labor and seed variable inputs for both men and 

women’s production.  Because the data are cross sectional, the base for this index is the average 
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of the sample, so the index has an average value of zero (Higgins 1986).  To estimate the 

household demand equations, non-leisure consumption was divided into the following 

categories:  non-locally produced goods purchased at the market, locally produced goods and 

purchased agricultural produce, and consumption from one’s own farm. 

In a cross-sectional sample, questions arise as to the nature of price variation across 

farms for output and inputs.  Agriculture in most developing countries is, by its very nature, a 

geographically dispersed activity characterized by asymmetrical information.  Paradoxically, it is 

this wide geographic dispersion and asymmetric information characteristic, and the geographic 

price variability occasioned by it, that makes feasible the estimation of a profit function.  Further, 

whether prices are formed in a competitive market structure or not does not invalidate the 

application of the profit function for the study of household behavior (Sevilla-Siero, 1991). 

Apparent differences in prices can also be due to differences in the quality of goods, 

outputs and inputs that are unaccounted for.  This potential problem is minimized in this study, 

as output and inputs were disaggregated as much as possible at the data collection stage, and  the 

prices of the individual components were then aggregated into an index.  However, where 

outputs and inputs consist of aggregates, price differences could be due to differences in the 

composition of these aggregates.  We would point out that these differences in composition 

could also be reflective of the household’s subjective price equilibrium choices4.  Finally, price 

differences may also arise because of differences between farmers in interpreting market signals. 

 This kind of variation is not accounted for in this study and, if it exists, could bias the parameter 

estimates. 

                         

     4Prices are obtained as the household’s average revenue/average expenditures for each commodity sold 
/bought during each round of surveys.  These prices are determined by buyer’s willingness to pay and sellers= 
willingness to receive, and are thus expected to vary by household and season, due to poor transportation and storage 
infrastructure. 
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In order not to impose arbitrary restrictions on the estimated parameters, the quadratic 

profit function is employed to estimate the production technology.  The quadratic functional 

form belongs to the class of linear functional forms and, therefore, is less flexible than the 

functional forms belonging to the class of non-linear functional forms.  On the other hand, the 

quadratic form allows for the existence of zero or negative net revenues, an advantage that more 

than makes up for the lack of flexibility.  The household technology by definition is separable in 

men and women’s production technology; as such, its profit function can be consistently 

disaggregated into gender-specific profit functions.  From these, closed-form expressions for mi 

and fi, the labor allocation equations are tractable with the quadratic functional form because its 

derivatives are linear.  With fixed allocatable inputs B labor B set at their optima, output supply 

functions for each production technology result directly from applying Hotelling's lemma to the 

associated gender-differentiated profit functions. 

The Almost Ideal Demand System (AIDS) model, which allows for flexibility in both 

price and income elasticities, is used for the household consumption side of the model, primarily 

because it has also been shown to be consistent with household budget data in developing 

countries (Bezuneh, Deaton and Norton 1988).  Another advantage of the AIDS is that it can be 

adapted to include the estimation of leisure demand by treating leisure as a branch in a weakly 

separable utility function or as another commodity (Alderman and Sahn 1993).  Employing the 

latter method to adapt this system to leisure, the demand functions here are modified such that 

total expenditure on the ith good is dependent on total cash expenditures as well as the value of 

total time endowment. 
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Results and Discussion 

Household Production  

We model African agricultural production within the household under the assumption 

that male and female production activities are separable.  Labor provided by male and female 

heads of household is, however, hypothesized to be an allocatable quasi-fixed input to both male 

and female production.  Within the context of the separate spheres agricultural household 

production model, this would imply that the parameter estimate of female output price in the 

male output supply equation should not be significantly different from zero, and vice versa with 

respect to the male output price in the female output supply equation.  Observation of the 

estimated parameters reveals that these cross-output price coefficients are not significant in 

either of the output supply equations, thus supporting our hypotheses (Table 2). 

 
 
Table 2.  Estimated parameters for the household output supply functions. 
 

Variable Men’s outputa  Women’s outputa 
Constant 175.51*** (38.28)  -32.25 (138.00) 
Men’s output price 20.89 (56.70)  -28.71 (74.30) 

Women’s output price -28.71 (74.30)  369.21** (175.09) 
Men’s seed input price -135.22* (74.34)  102.55 (122.81) 
Women’s seed input price 93.25 (89.99)  -488.88*** (149.13) 
Men’s total agricultural labor 

l il bl
-4.11E-02 (2.64E-02)  -0.04 (0.08) 

Women’s total agricultural labor 
l

2.15E-02 (2.40E-02)  0.11 (0.07) 
Men’s field size 6.26 (8.46)  -5.25 (4.36) 
Women’s field size 52.72*** (20.47)  -14.41 (60.84) 
Other family labor 0.07** (0.03)  2.50E-02 (3.37E-02)
Distance from home -0.27 (0.39)  4.92 (10.02) 
Fallow length -0.01 (0.31)  15.70*** (2.81) 
Size of cocoa field 2.64E-03* (1.57E-03)  –  –  
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Number of crops –  –   -3.19 (8.35) 
Food contribution from peanut field -0.02 (0.08)  0.29 (0.24) 
Cash contribution from husband 0.35** (0.15)  -0.01 (0.45) 
Household size 1.76 (1.51)  2.81 (4.44) 
Perceived land surplus 9.01 (10.79)  9.98 (30.02) 
Presence of cocoa field -0.61 (0.77)  –  –  
Owner supply most labor -1.57 (9.58)  -10.75 (27.66) 
Farm is owner’s major income 0.60 (8.11)  7.37 (27.66) 
Evindissi -31.66** (14.53)  -85.70* (45.98) 
Bondjock -105.37*** (15.02)  0.59 (35.92) 
 

 a standard errors in parentheses. 
 ***implies significant at 1 %; ** implies significant at 5 %; * implies significant at 10 %.  
 
 

 

Output Supply 

Household production is posited to be influenced by both consumption and production 

decisions.  As a result, the effect of a price increase (or increase in farm revenue) can be either 

positive or negative, reflecting a negative consumption – “substitution” - effect or production B 

“income” - effect, respectively.  Male production response to output price indicates that the 

income effect is greater than the substitution effect, meaning that the increase in the consumption 

of leisure that results from higher household income is greater than the increase in labor input to 

male production that results from increased productivity of labor. 

Among the production variables, men’s seed input price, women’s field size, other family 

labor, and size of cocoa field are significant economic determinants of men’s output supply.  The 

expected symmetry between men’s seed input prices and women’s seed input prices is also 

observed, with own input price inversely correlated with output, while the cross input price is 
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directly correlated with output.  While other family labor influences men’s output supply 

positively, women’s total agricultural labor supply has no apparent impact on men’s output.  

Traditional gender roles still govern the execution of farm activities, with men contributing more 

to agricultural production in the early stages and women to the later stages of the agricultural 

season.  Women’s primary activities - weeding and field maintenance B could, therefore, be 

staggered during the growing season due to regular rains in the HFZ.  Thus, the total outlay of 

agricultural labor supplied (at the beginning of the cropping season) is more important to men’s 

output supply than the outlay of women’s agricultural labor (provided fairly steadily throughout 

the cropping season). 

Men’s output supply was found to be positively associated with the size of women’s 

fields, as well as with the quantity of other family labor.  The converse response would be 

expected, in terms of household consumption.  That is, a “substitution effect” in favor of men’s 

residual time (reduced men’s output) would be expected, as women increasingly take on the 

responsibility of meeting household food needs.  A major tenet used to justify the use of an 

aggregated household consumption function is that one’s economic positioning in the household 

(which is also a source of bargaining power) is only important with respect to production 

relations.  It is, therefore, plausible that in order to have sufficient influence in household 

decision making, men and women may strive to increase their economic power by increasing 

production in response to perceived increases in the spouse’s production.  

Socioeconomic variables posited to augment the men’s output supply equation include 

men’s contribution to daily cash expenditures, share of daily food consumption from the 

women’s groundnut fields, and household size.  The share of daily food consumption from the 

women’s groundnut field has no apparent influence on men’s output.  This is not unexpected, 
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given that the traditional role of the groundnut field is to meet the household’s food sufficiency 

needs first and then supplement the household’s daily cash expenditures from sale of market 

surplus.  The function of meeting household food needs is traditionally left to the women; 

therefore, male contribution is optional and would not necessarily factor into his production 

decisions.   Meeting the household’s cash expenditure needs is more within the men’s sphere of 

influence; hence, the positive association with output.  

The price variables performed efficiently for women’s output supply relative to the price 

variable performance noted in the men’s output supply equation.  Women’s output would 

increase with an increase in output price, and the expected inverse relationship between seed 

input price and output is observed.  Cross seed input price also has an inverse relationship with 

women’s output, meaning that the expected symmetry was evident. 

Of all the field characteristics included in the women’s output supply equation, only the 

fallow length is found to be a significant determinant of women’s output, and it exhibits the 

expected positive effect on output.  Fallow length is even more important to the female 

production because of the almost nonexistence of chemical inputs and the fact that these fields 

are generally more intensively cultivated.  The results confirm this strong impact on output, as 

does the negative correlation between the number of field crops - used as a proxy for cropping 

density - and output.  Men’s total agricultural labor supply has no significant impact on women’s 

agricultural output, nor do any of the household socioeconomic variables posited. 

Labor Input Demand 

Land is not considered a binding constraint in the HFZ and, in the absence of any capital 

investment, labor then becomes the most influential farm input.  Men’s total agricultural labor 

supply significantly affects men’s labor allocation to their fields (Table 3).  At the same time, 
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men’s labor allocation to their fields is relatively unresponsive to price variables, as cocoa (a 

perennial tree crop) is still the most important cash crop for men.  An increase in total men’s 

labor available is associated with an increase in men’s labor allocation to the men’s field(s), but 

increasing total female labor does not affect male labor allocated to male production.  A gradient 

effect is strongly discernable in the village binary variables, with significantly greater labor input 

(primarily at the clearing stage) being observed in less resource-constrained villages. 

Women’s labor allocation decisions are also relatively unresponsive to prices, with only 

the men’s input prices being important to the determination of female labor input.  Total male 

and female labor supply is key to women’s labor allocation decisions.  That is, an increase in the 

amount of agricultural labor supplied to the household is strongly related to a decrease in the 

women’s labor allocation to her own field(s).  The reverse holds true for the women’s total 

agricultural labor supply, supporting the interdependence of both men and women in their 

agricultural labor allocation decisions.  Women’s labor decisions appear more responsive to 

production and socioeconomic variables than do men’s labor allocations, perhaps a reflection of 

the relatively more complex problem women face in their domestic labor allocation decisions 

(Katz, 1991; Gladwin and McMillan, 1989; Singh, 1988).  
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Table 3.  Estimated parameters for the household labor allocation functions. 
 

Variable Men’s labor inputa  Women’s labor inputa 
Constant 138.01* (83.94)  -20.71 (59.51) 
Men’s output price 0.04 (0.03)  -2.15E-02 (2.40E-02)
Women’s output price -81.921 (66.58)  7.94 (46.78) 
Men’s seed input price 1.87E-02 (5.43E-02)  9.49E-02* (4.93E-02)
Women’s seed input price 3.45E-03 (4.66E-02)  2.48E-02 (4.55E-02)
Men’s total agricultural labor 

l il bl
0.54*** (0.06)  -0.11** (0.04) 

Women’s total agricultural labor 
l

0.01 (0.06)  0.88*** (0.04) 
Men’s field size -7.34 (18.23)  -1.67** (0.75) 
Women’s field size -46.98 (46.33)  51.52 (33.45) 
Other family labor 0.03 (0.06)  2.09E-03 (1.67E-02)
Distance from home 0.39 (0.84)  4.42 (5.13) 
Household size -1.95 (3.36)  -1.88 (2.46) 
Farm is sole income source -19.59 (19.85)  26.68* (13.86) 
Perceived land surplus 15.58 (23.15)  5.94 (16.45) 
Presence of cocoa field -0.11 (1.74)  -0.27 (1.26) 
Owner supplies most labor -11.22 (20.89)  36.54** (14.29) 
Evindissi -101.82*** (29.14)  23.44 (21.96) 
Bondjock -49.49* (27.68)  -66.17*** (17.80) 
 
 a standard errors in parentheses. 
 ***implies significant at 1 %; ** implies significant at 5 %; * implies significant at 10 %.  
 
 



 

 187

Seed Input Demand 

Both input and output prices are found to be strong determinants of women’s seed input 

decisions (Table 4).  These variables, together with the socioeconomic variables, strongly 

indicate a degree of interdependence in African household agricultural production.  The results 

show that women’s seed input decisions do not significantly reflect the impact of the men’s 

production while carrying out her primary responsibilities of meeting household food needs.  

Men’s production decisions, on the other hand, appear to more directly consider the agricultural 

household maximization process.  Men’s seed input demand is quite responsive to price changes, 

but changes in other production factors or socioeconomic variables are also important 

considerations.  

Women’s seed input decisions are responsive to own input prices, and cross price 

symmetry is observed.  Here, as it was in the women’s labor allocation decisions, own output 

price is inversely related to input use.  This makes sense when we consider that the major output, 

as well as the major seed input expenditure, in the women’s production is peanuts.  Also, seeds 

for the next planting season are sometimes retained directly after the harvest and then stored.  

High output price that reflects shortage would also mean that next season’s seed input prices will 

be high, given the existing shortage. 

An interesting reflection is that although women’s total agricultural labor supply is a 

significant determinant of the men’s seed input use decision, men’s total agricultural labor 

supply plays no part in the women’s seed input decision.  This further demonstrates the level of 

gender-differentiation that exists with respect to farming activities.  More importantly, it 

demonstrates the level of control over household agricultural labor in the sense that the typical 

activities carried out on the male fields to which female labor is expected to be employed are 



 

 188

weeding and harvesting.  That the male production benefits from female labor to the point of 

affecting input levels, and not vice versa, indicates a considerable level of patriarchal control 

over resources.  

Table 4.   Estimated parameters for the seed input demand functions. 
 
 
Variable 

Male seed demand 
Parameter estimatesa  

Female seed demand 
Parameter estimatesa 

Constant -7.91 (76.05)  -0.45 (0.31) 
Men’s output price -135.22* (74.34)  93.25 (89.99) 
Women’s output price 102.55 (122.81)  -488.88*** (149.13) 
Men’s seed input price 626.14*** (140.82)  -659.01*** (131.14) 
Women’s seed input price -659.01*** (131.14)  1062.42*** (221.17) 
Men’s total agricultural labor 

l
-0.02 (0.05)  -3.45E-03 (4.66E-02) 

Women’s total agricultural labor 
l

-0.09* (0.05)  -2.48E-02 (4.55E-02) 
Men’s field size -14.03 (16.40)  1.13 (0.88) 
Women’s field size -60.64 (41.52)  -34.49 (36.97) 
Other family labor 0.03 (0.05)  -0.03 (0.02) 
Distance from home 0.09 (0.75)  -6.90 (6.11) 
Household size 2.20 (2.88)  3.40 (2.55) 
Farm is sole income source 55.76*** (16.92)  -8.49 (15.75) 
Perceived land surplus -17.95 (20.40)  -26.10 (18.53) 
Presence of cocoa field 0.06 (1.51)  -2.17 (1.39) 
Owner supply most labor -13.21 (18.62)  -16.90 (16.74) 
Evindissi 7.39 (25.95)  -57.76** (25.88) 
Bondjock -9.03 (24.37)  -62.08*** (20.07) 
 

a standard errors in parentheses.  
***implies significant at 1 %; ** implies significant at 5 %; * implies significant at 10 %.  
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Shadow Wage of Household Agricultural Labor 

The implicit shadow price (index) of labor can be viewed as the proportional increase in 

the marginal value of labor to the ith household, given the input and output price indexes and 

mean production technology (Eichhorn et al. 1976).  These household level implicit shadow 

wages thus encompass all of the economic and demographic characteristics of the household, 

including its agricultural production.  That female agricultural labor commands a higher 

premium than that of men is not unanticipated, given the greater number of hours women put 

into daily economic and non-economic activities in order to make their contributions to 

household consumption (Table 5). 

Table 5.  Estimated implicit shadow price of male and female agricultural labor. 
 

Village Male shadow wagea Female shadow wage 

Nkongmesse 241.31 (34.27) 621.64 (83.61) 

Evindissi 124.15 (16.40) 328.03 (39.32) 

Bondjock 251.80 (27.06) 628.53 (66.88) 

Average 210.51 (16.82) 537.45 (41.12) 
 
 a Standard errors in parentheses. 
 

  In addition, women traditionally contribute the lion=s share of home production.  

Therefore, the possible amount of leisure that women perceive for themselves would be 

equivalent to the total time available to them, less agricultural labor and household work.  Men, 

on the other hand, perceive their leisure as being equivalent to the total time available to them 

less their agricultural labor only, as other activities are optional.  The household maximizes its 

utility at an equilibrium point where the demand for agricultural labor from the production side 
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equals the labor supply from the consumption side of the model such that the marginal value of 

agricultural labor equals the marginal value of leisure and equation (6) is verified.  

Following the graphical illustration by Nakajima (1969), the derivation of the special 

case of shadow wage within a ‘separate spheres’ agricultural household model is demonstrated 

in Figure 2.  The horizontal axis represents the total time available to the individual.  The 

distance  

Lf H represents home production, OA represents women’s agricultural labor, leaving AL for 

leisure activities.  The lower graphics represent the marginal value of time, with the agricultural 

labor valued from left to right, and leisure from right to left.  The shadow value for women’s 

agricultural labor, or the opportunity cost of leisure (in the residual sense defined earlier), is thus 

obtained at the equilibrium point given as Wf.  Similarly, the shadow value for Female labor is 

obtained at Wm.   Here, the aggregate household utility is used in the derivation of the shadow 

wages following from the definition of the ‘separate spheres’ model, whereas consumption is 

represented by a unitary utility function. 
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Figure 2 
 

 

Household Consumption 

Demand for Leisure 

Estimates of the consumption variable coefficients (men’s and women’s wages, and own-

farm consumption) are significant and are inversely related to demand for men’s leisure, except 

for men’s shadow wage (Table 6).  The men’s shadow wage, as expected, is directly related to 

men’s leisure demand.  Similarly, demand for men’s leisure is positively correlated with the 

household full income.  Total agricultural labor supplied by both men and women, together with 
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the share of cash consumption from the men’s economic activities, are included as household 

production variables to explicitly elicit their impact on household demand for leisure.  Men’s 

total agricultural labor supply is a significant determinant of male demand for leisure, with the 

demand for leisure increasing as the labor constraint is relaxed.  That is, the more work time put 

into agriculture, the higher is the value of leisure to the men.  The share of daily cash 

consumption from the men’s economic activities is also a strong determinant of men’s leisure, 

and, as expected, it has a negative influence on the consumption of men’s leisure.  Other 

household decision variables do not appear to significantly affect men’s leisure consumption, 

except that whether he is a primary beneficiary from his agricultural activities appears to have a 

significant and negative shift effect on men’s leisure at the household level. 

Contrary to the men’s demand for leisure, the household production variables are 

important to female demand for leisure.  For example, the consumption of women’s leisure 

appears to increase with an increase in the total agricultural labor supplied by the men and to 

decrease with women’s total agricultural labor supply.  The fact that men’s total agricultural 

labor supply is an important determinant of women’s leisure, and not vice versa, again points to 

the direct or indirect influence males have over total agricultural labor within the household.  

The impact of the women’s total agricultural labor supply on women’s leisure, however, appears 

contrary to expectations.  Given that a woman’s worth is measured by her economic 

contributions to the household, the decreasing marginal value of her leisure with respect to 

increasing labor hours could reflect that leisure may be considered a negative good.  This 

suggests that women’s leisure is not a normal good in this HFZ culture. 

 
 
 
Table 6.  Parameter estimates for shares of leisure. 
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Variable 

Male leisure 
Parameter estimatesa 

Female leisure 
Parameter estimatesa 

Constant  0.13*** (0.01)  8.63E-03 (7.47E-02) 
Log of men’s wage  3.61E-02*** (1.60E-03) -2.63E-02*** (2.99E-03) 
Log of women’s wage -2.63E-02*** (2.99E-03)  1.10E-01*** (1.98E-02) 
Log of own-farm consumption -3.83E-03*** (1.21E-03) -4.58E-02*** (1.16E-02) 
Log of non-local purchases -1.71E-03 (1.16E-03) -2.34E-02** (1.01E-02) 
Log of local agric purchases -5.97E-04 (1.60E-03)  2.30E-03 (1.58E-02) 
Log of full income  3.15E-03** (1.58E-03)  2.88E-02** (1.20E-02) 
Men’s total agricultural labor supply  9.05E-06** (4.32E-06)  5.02E-05 (4.34E-05) 
Women’s total agricultural labor 

l
 1.84E-06 (4.36E-06) -5.76E-05 (4.14E-05) 

Share of daily cash from husband -5.59E-05** (2.51E-05) -2.41E-04 (1.80E-04) 
Household size -1.43E-04 (2.61E-04)  2.45E-03 (2.58E-03) 
Farm is sole income source -1.06E-03 (1.46E-03)  1.33E-02 (1.45E-02) 
Perception of land surplus  4.05E-03** (1.73E-03)  1.79E-02 (1.81E-02) 
Men supply most labor  -1.45E-03 (2.00E-03) -1.00E-02 (1.93E-02) 
Women supply most labor   1.70E-04 (1.85E-03) -3.87E-03 (1.94E-02) 
Owner benefits most from own field -2.46E-03* (1.45E-03)  7.32E-03 (1.76E-02) 
Evindissi  1.58E-03 (2.51E-03) -8.67E-04 (2.50E-02) 
Bondjock  5.57E-03** (2.32E-03)  2.03E-02 (2.27E-02) 
 

a standard errors in parentheses.  
***implies significant at 1 %; ** implies significant at 5 %; * implies significant at 10 % . 
 
Demand for Non-leisure Goods 

The values of other consumption goods, as well as men’s and women’s shadow wages, 

seem to be important determinants and inversely correlated to demand for non-local market 

goods (Table 7).  This we believe supports the ‘separate spheres’ hypothesis upon which this 

study is based; that is, the women’s contribution is primarily in meeting household food needs, 

while the men’s contribution is in meeting household cash needs.  Also important is the lack of 

significance of the other household decision variables.  In other words, intra-household dynamics 



 

 194

and control over production resources do not appear to influence household cash consumption 

significantly.  This provides further confirmation of our income pooling hypothesis. 

Both men’s and women’s shadow wages, as well as household consumption of non-

leisure goods, appear significant in determining the demand for own farm produce.  This result is 

expected, given that all household fields contribute to household food needs, even when 

cultivated primarily for commercial purposes.  A major tenet of the ‘collective models regards 

the equitable distribution of members’ (unearned) incomes.  While the issue of equity is beyond 

the scope of this study, household decision variables are expected to reflect the level of control 

over own-income and how that control affects overall household consumption.  Some of the 

variables posed in our hypotheses include: Share of daily food consumption from peanut field; 

Share of daily cash consumption from husband; Household size; No other income source; 

Perception of land surplus; Male supplies most labor to his field; Primary income from food 

field; and, Primary income from cocoa.  Table 7 again shows that these household decision 

variables do not seem to be significant influences on the demand for own-farm produce.  We find 

this lack of significance reassuring, as it again confirms the role of (or lack thereof) household 

dynamics in determining consumption patterns for own-farm produce.  We can infer from the 

lack of significance of the other decision variables that consumption of household goods is not 

influenced by source of consumptive goods or income. 

The perception of land surplus and the absence of other income earning activities appear 

to negatively influence own farm consumption.  The full income specification for the household 

model is defined explicitly to include household leisure, and our results demonstrate a significant 

and negative relationship between full income and share of own farm produce.  It is quite 

plausible that this effect, which implies a higher premium on leisure, is reflected in this negative 
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shift effect of the land surplus and the absence of other income-earning activities.  This would 

not be improbable, given that land surplus and the absence of other income earning activities 

imply fewer perceived resource constraints and therefore the lack of incentive to intensify 

agricultural production.  The socioeconomic and household decision variables generally do not 

add valuable information in explaining household consumption of non-leisure goods in the 

humid forest zone.  This may be because socioeconomic positioning and intra-household 

dynamics do not significantly affect household consumption, or it may be that there is little to 

differentiate consumption among households in similar resource circumstances.  

 

 

 

 

 

 

 

 

 

 

 

 

Table 7.  Parameter estimates for shares of non-leisure goods. 
 
 
Variable 

Non-local goods 
 Parameter estimatesa 

Own farm produced goods 
 Parameter estimatesa 

Constant  3.56E-01*** (4.96E-02)  3.75E-01*** (7.25E-02) 
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Log of men’s wage -1.71E-03 (1.16E-03) -3.83E-03*** (1.21E-03) 
Log of women’s wage -2.34E-02** (1.01E-02) -4.58E-02*** (1.16E-02) 
Log of own-farm consumption -1.28E-02*** (6.10E-03)  6.52E-02*** (1.05E-02) 
Log of non-local purchases  3.66E-02*** (7.07E-03) -1.28E-02** (6.10E-03) 
Log of local agric. purchases -1.73E-02* (1.02E-02)  1.07E-02 (1.53E-02) 
Log of full income -1.17E-02* (6.44E-03) -1.58E-02** (7.46E-03) 
Men’s total agricultural labor 

l
-4.75E-05* (2.92E-05) -7.10E-06 (4.42E-05) 

Women’s total agricultural labor 
l

 1.65E-05 (2.71E-05) -3.90E-05 (4.14E-05) 
Share of daily cash from husband  2.94E-04* (1.62E-04) -2.05E-05 (2.05E-05) 
Household size  8.78E-06 (1.70E-03) -1.77E-03 (2.61E-03) 
Farm is sole income source  8.93E-03 (9.76E-03) -2.18E-02 (1.48E-02) 
Perception of land surplus  4.38E-04 (1.25E-02) -2.48E-02 (1.88E-02) 
Men supply most labor  -9.03E-03 (1.31E-02)  2.58E-02 (1.99E-02) 
Men’s major income from cocoa  8.75E-06 (9.01E-03)  2.19E-03 (1.07E-02) 
Women supply most labor  -4.78E-03 (1.32E-02)  7.58E-03 (2.00E-02) 
Women’s major income from 

t fi ld
 5.04E-03 (9.86E-03) -7.77E-03 (1.17E-02) 

Evindissi -1.36E-02 (1.69E-02)  2.16E-02 (2.58E-02) 
Bondjock -3.01E-02* (1.57E-02)  8.46E-03 (2.21E-02) 
 

a standard errors in parentheses.  
***implies significant at 1%; ** implies significant at 5%; * implies significant at 10%.  
 
 

Conclusions 

Starting from the premise that enhanced understanding of agricultural production is best 

carried out through an analysis that incorporates intra-household dynamics as affected by the 

socioeconomic setting, this study demonstrates the close relationships among many of the 

economic and social factors in the decision-making processes within African humid forest zone 

agricultural households.  Historical gender-differentiation still plays a large role in household 

production decisions.  Nonetheless, a considerable level of interdependence exists between male 

and female production.  Variables typically excluded from household analysis, such as the 
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gender-based division of labor by activities and intra-household resource allocation patterns, are 

in fact crucial determinants of household economic activity in this cultural setting.  These same 

variables represent features of the household most likely to be influenced by economic change, 

as household (male and female) production is more responsive to output price and non-labor 

input variables than to changes in household labor.  Consumption patterns, on the other hand, do 

not appear as crucial to the household economy as commonly portrayed in the literature on 

collective household models. 

Much of the analysis in this study hinges on the estimated shadow wage of labor.  

However, shadow wages are very sensitive to the method of estimation and should be handled 

with care.  At the same time, this sensitivity is reflective of the variability in households’ 

responses.  Despite the wealth of literature on household models, we have just begun to scratch 

the surface in terms of providing an empirically estimable household model that is sufficiently 

flexible to be utilized cross-culturally and rigorous enough to be able to predict the impact of 

policy changes on individual households.  Our study, then, can serve as a point of departure in 

this area.  Applying and adapting gender-oriented understanding of the household to concrete 

research settings offers the possibility of generating new insights into the complex processes that 

underlie the African agricultural household economy.  In turn, this framework provides better 

understanding of the potential impacts of institutional and economic policies on gender 

relationships and development interests. 
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