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EXECUTIVE SUMMARY


The Proyecto de Administracion de Areas Rurales (PAAR) has three components, one of which is Manejo de Recursos Naturales. Within this component of PAAR are found three subcomponents one of which is Manejo de Bosques Naturales. This subcomponent has two areas of concentration, Desarrollo Institucional and Manejo Sostenible. These two areas of concentration are the topic of this report.


It was the purpose of this study to investigate and report on the economic efficiency observed in PAAR’s use of its forest management tools. More specifically it was requested that the following objectives be pursued in the study: 1) to do a benefit-cost analysis of PAAR’s forest management activities in the national forests of Yoro, 2) to prognosticate on the benefit-cost outcome of PAAR’s involvement in the national forests of Olancho and Francisco Morazan based on what was observed in Yoro, 3) to examine the sensitivity of the model results based on the Yoro analysis in anticipation of PAAR’s work in Olancho and Francisco Morazan, and , 4) to evaluate qualitatively the social and environmental costs and benefits of PAAR’s activities in forest management.

The results of the with/without PAAR benefit-cost analysis show that in the baseline case, where all of the costs incurred by PAAR in Yoro are included, there is a potential ten fold return in benefits. In addition to this overall assessment six of PAAR's forest management undertakings were identified and evaluated individually. For these specific undertakings the median benefit-cost ratio was 5.4 with estimated values ranging from 1.75 to 119.28.These benefits will be gathered by COHDEFOR in the years ahead if it successfully follows through on the activities initiated under PAAR.


When subjected to sensitivity analysis it was found that these very positive results extend over a wide range of prices ((20%) and interest rates (7%(2%). Within this range PAAR's contribution to forest management essentially doubles the present value of national forest land and timber in Yoro. Given the strong similarities of conditions in Yoro with those in Olancho and Francisco Morazan we do not anticipate any significant decline from the results obtained in Yoro. In fact, building on their experience in Yoro, there is every reason to expect higher returns from PAAR’s efforts in these two management units.


The forest management changes encouraged by PAAR will have noteworthy social and environmental externalities. Most of these impacts will be positive, including decreases in wildfire and impacts on soil, water and air resources, increased social cohesion and environmental awareness, significant increases in rural employment, and a reduction of land use impacts on soil erosion and biodiversity.

INTRODUCTION


The Proyecto de Administracion de Areas Rurales (PAAR) has three components, one of which is Manejo de Recursos Naturales. Within this component of PAAR are found three subcomponents one of which is Manejo de Bosques Naturales. This subcomponent has two areas of concentration, Desarrollo Institucional and Manejo Sostenible. These two areas of concentration are the topic of this report.


It was the purpose of this study to investigate and report on the economic efficiency observed in PAAR’s use of its forest management tools. More specifically it was requested that the following objectives be pursued in the study: 1) to do a benefit-cost analysis of PAAR’s forest management activities in the national forests of Yoro, 2) to prognosticate on the benefit-cost outcome of PAAR’s involvement in the national forests of Olancho and Francisco Morazan based on what was observed in Yoro, 3) to examine the sensitivity of the model results based on the Yoro analysis in anticipation of PAAR’s work in Olancho and Francisco Morazan, and , 4) to evaluate qualitatively the social and environmental costs and benefits of PAAR’s activities in forest management.


Within this report and the accompanying diskette will be found the following items: 1) a description of the methodology used in this study, 2) a computer model (on the enclosed diskette) that performs an economic rotation analysis of the soil expectation value (SEV) and is amenable to sensitivity analysis, 3) the data base upon which the analyses of this report are founded, 4) a computer model (on the enclosed diskette) that performs a financial analysis based on a modified area control forest regulation model (FRM) and is amenable to sensitivity analysis, 5) sections within the report that address the financial viability, advantages and disadvantages, and future directions and opportunities afforded by the PAAR model, and, 6) recommendations with respect to application of the PAAR model.


In order to perform the benefit-cost analysis it was necessary to develop two computer models. These models were then used to examine the forest management activities being employed by PAAR in Yoro. The SEV model was used to develop one of the inputs, among many, that went into the FRM. The FRM was used to estimate the benefits and costs associated with the various forest management activities supported by PAAR. A wide range of with/without scenarios could be examined within the context of the existing national forest in Yoro. For each of these scenarios the annual harvest and cash flow for the forest management unit were also generated and examined. The aggregate impact of PAAR’s subcomponent Manejo de Bosques Naturales was first analyzed to obtain an estimate of the overall economic efficiency of PAAR’s activities. A sensitivity analysis of these results was performed. The benefit-cost ratio for a number of specific PAAR undertakings in Yoro were then calculated. These undertakings typically cut across several tasks (tareas) explicitly identified within PAAR's budgeting schema so that discretion in the assignment of costs was required. In all cases a very conservative approach to the estimation of both costs and benefits was observed so that the reported benefit-cost ratios will tend to be on the low side rather than the high.


The impact of PAAR's activities on the social and environmental side are primarily qualitative in nature though some numerical estimates of rural employment levels due to PAAR's participation were made. 


A prognosis of PAAR's expected results in Olancho and Francisco Morazan were based on an extension of the results observed and estimated in Yoro. A number of recommendations with respect to the PAAR model including its financial viability, advantages and disadvantages, and future opportunities complete the report.

FOREST MANAGEMENT ACTIVITIES

The impact of coniferous forest management activities carried out within PAAR's subcomponent Manejo de Bosques Naturales was evaluated. Costs associated with this component's activities were explicitly given by PAAR (2000). A portion of these costs were allocated to PAAR's work in the forest management unit of Yoro based on past and anticipated levels of activity there and in the other management units. The Manejo de Bosques Naturales subcomponent of PAAR's work is divided into two areas, Desarrollo Institucional (Institutional Development) and Manejo Sostenible (Sustainable Management). The Manejo Sostenible area is composed of six activities, Tenencia y Usufructo (Tenancy), Planificacion Forestal (Planning), Inventarios Forestales (Inventory), Promocion y Consulta (Consultation), Manejo Forestal (Management) and Investigacion Forestal (Research). Costs of implementing these six activities within sustainable management were applied as expended (1998-00) and projected (2001-02) by PAAR. For purposes of this analysis the burden of institutional development costs assigned to Yoro were uniformly distributed across the six sustainable management activities. 


Benefits were based on the results observed as a consequence of the multiple tasks PAAR has planned and is conducting in the Yoro management unit. The specific outcomes or results identified and analyzed in this report are those associated with PAAR's actual and potential contribution to changes in the following areas: the rotation age, the level of institutional preparedness, timber sale prices, land management costs and timber yields per hectare. The basis upon which costs and benefits are calculated and assigned to these outcomes follows.

Overall Economic Efficiency - Yoro


In this portion of the analysis all of the realized and anticipated costs incurred by PAAR in implementing its Manejo de Bosques Naturales subcomponent activities are compared with all of the quantifiable benefits identified by the analysts. The results of this particular analysis are very conservative since only the benefits of a relatively limited number of the many productive results of PAAR's activities are included and carry the entire burden of cost.


A soil expectation value (SEV) model was developed and used to estimate the optimal rotation age based on local conditions and purely financial considerations. SEV models are widely applied in forestry and provide an estimate of the financial return to bare ground that will be dedicated to timber and timber resource related products in perpetuity (Davis and Johnson 1987). The maximization of SEV is a well known concept of fundamental importance to the economic evaluation of forest resource development projects. Similar techniques have been employed in Honduran forestry (Flores and Ruiz 1997). The results of this model provide guidance in the selection of a rotation age for the forest regulation model.

PAAR has played a fundamental role in developing sections of a proposed new forestry law that would give COHDEFOR more discretion in the determination of rotation ages. Increasing the financial return to Honduras from its national forests through judicious modification of the current rotation age is highly recommendable. The SEV model provides an estimation of the economic benefits garnered by this decision. 

In January of 1997 a forest management plan was approved for Yoro. In the first three years of the plan, 1997-99 annual funding in real terms by COHDEFOR only reached a little over twenty percent of that called for in the plan. Until 1999 PAAR was unable to play any substantial role in Yoro. Finally in 1999 the combined forest management expenditures of COHDEFOR and PAAR reached the target level of expenditure envision in the 1997 plan. This level of expenditure and management activity would not have been reached without PAAR's contribution.

During this same three year period the revenue generated by the forest management unit dropped from thirty percent of the plan specified level to only twenty percent. We agree with Flores et al. (1999) that both internal and external factors played significant roles in this loss of revenue. We also feel that significant investments in institutional development at the regional level were, and are necessary and that plan envisioned levels of harvesting and revenue generation can only be reached incrementally over a period of time. Because of PAAR's on-going investment in Yoro this forest management unit is well positioned to take advantage of recovering timber markets. In the absence of this investment a much longer period of institutional development would now be required. The earlier achievement of plan envisioned harvest levels and timber receipts will be overwhelmingly attributable to this institutional preparedness fostered by PAAR.

One of the factors affecting timber sales as noted by Flores et al. in their 1999 report on timber sales is the conflict between local communities and the timber industry. Illegal "taxes" are imposed by these groups on the successful bidders in COHDEFOR timber sales. These charges range from 30 to 100 lempiras per cubic meter and have seriously affected timber sales. Timber sale bidders often recognize that they will be forced to pay these taxes and accordingly reduce their bids, sometimes even striking deals with the groups before bidding;  others simply refuse to participate in the bidding, effectively reducing the level of competition for national timber.

Some of these groups are recognized rural organizations, the members of which feel that they have legitimate claims upon the timber being harvested. Some of these claims are based on many years of unpaid forest protection activity and misunderstood or broken agreements with government agencies including COHDEFOR. They feel that they have a legitimate right to participate in and be remunerated for their forestry related activities. Other groups however appear to be instigated by outsiders using locals as fronts. The demands of these latter groups are certainly not defensible.

By identifying and locating members of the rural population and by consulting and working closely with rural communities PAAR hopes to bring many of these disaffected groups into a productive and mutually beneficial relationship with COHDEFOR. The skillful use of municipal contracts for regeneration, protection and other management services, the encouragement of industry employment of local labor in appropriate harvesting related activities and the selective use of direct sales coupled with procedural transparency and consistent legal approaches where warranted show promise of significantly reducing the current level of conflict. Such reductions should permit COHDEFOR to capture more of the stumpage value now being lost; this surely is a benefit attributable to the PAAR program.

Many of the professional activities that COHDEFOR would have done with its own personnel are now being contracted out with the encouragement of PAAR. The use of contractual services can lead to meaningful cost reductions in activities such as timber sale preparation, forest regeneration and protection. Some attention must be given to the contracting process in order to ensure competition and minimal abuse of contracting authority. Current experience suggests that lower costs and acceptable work quality can be maintained.

COHDEFOR, with the assistance of PAAR, has very significantly augmented the level of forest protection against wildfire within the Yoro management unit. It has been estimated that if this level of protection is continued timber yields well in excess of that afforded by the usual levels of protection should be realized. We attribute most of this well planned and executed activity to the direction and funding provided by PAAR.

In order to evaluate the costs and benefits associated with these changes a forest regulation model (FRM) was developed. Patterned after the model employed in the creation of the 1997 forest management plan for Yoro the FRM takes into account the existing timber stands within the management unit. Management policies such as non‑declining yield and prioritized harvesting schedules are also enforced and their impact on costs and benefits thereby incorporated in the analysis. It is in this model where we incorporate a reduced rotation age based on the SEV model, the accelerated transition period, the increased timber sale prices, reduced input costs and increased timber yields per hectare. 

The following quantitative changes due to PAAR’s participation were examined using the FRM.

· the rotation age was dropped from 40 to 35 years

· the transition period to full regulation harvesting levels was reduced from 8 to 4 years

· the gross revenue from timber sales was increased by 10 percent

· the cost of regeneration was reduced by 20 percent

· the cost of site preparation for harvesting was reduced by 25 percent

· the net yield from timber harvesting is increased by 5 percent

The results of the with/without scenarios are compared in the following table that illustrates the present net worth of land and timber under a range of cost assumptions. The baseline case uses the most likely input/output price levels and a guiding rate of interest of 7% (the real rate, where future costs and returns are measured in current lempiras). In the worst case situation the expected input costs for forest management activities are increased by 20 percent, the gross revenue from stumpage is reduced by 20 percent and the interest rate is 9%. In the best case situation the previous input/output price changes are reversed and the interest rate is set at 5%. The participation of PAAR results in strong positive returns under the full range of conditions illustrated in the table. In all cases there is at least a doubling in the present net worth of land and timber within the Yoro management unit due to PAAR's participation. The value of the timber and land under the most likely case scenario with full PAAR participation is 16,440 lempiras per hectare. This value is twice that observed in the worst case and half that observed in the best. It should be remembered when looking at these land with timber prices that they represent the average value for national forest land in Yoro under the conditions in which it is currently found and within the constraints that it is managed.

No Participation by PAAR







Input Price

Level
Output Price

Level
Present Net Worth of Land and Timber at:

(Lempiras per Hectare)


Adjustment

Factor
Adjustment

Factor
Low

5% Interest
Baseline

7% Interest
High

9% Interest

Worst Case
1.20
0.80
7,298
4,904
3,772

Baseline
1.00
1.00
11,599
7,639
5,724

Best Case
0.80
1.20
15,937
10,399
7,693








Full Participation by PAAR







Input Price

Level
Output Price

Level
Present Net Worth of Land and Timber at:

(Lempiras per Hectare)


Adjustment

Factor
Adjustment

Factor
Low

5% Interest
Baseline

7% Interest
High

9% Interest

Worst Case
1.20
0.80
16,934
11,219
8,357

Baseline
1.00
1.00
24,805
16,440
12,235

Best Case
0.80
1.20
32,754
21,713
16,151


A more detailed examination of the FRM output for the baseline case gives the following changes in benefits and costs. For the total cost incurred by PAAR, which has a present value of 24,619,713 lempiras, the present net worth of COHDEFOR's Yoro operation goes from 233,447,772 lempiras to 527,017395 lempiras. These results yield a benefit-cost ratio of 11.9 for the full participation of PAAR in the management activities of COHDEFOR in Yoro.

Economic Contribution by Category of Management Activity


The results of PAAR's activities, evaluated in their aggregate impact above, are now evaluated individually. Individual tasks that significantly contributed to the achievement of the observed results in each case were identified and their costs summed and compared to the benefits derived. These benefit-cost ratios should provide a very tentative guideline to the establishment of future priorities in activity funding.

Tenencia y Usufructo.     There are four tasks within the tenancy activity. These tasks are directed at determining the location and legal situation of the national forests with particular emphasis on rural communities and their involvement in national forest occupancy and usufructuary use. 


PAAR has made resolution of forest land occupancy and use conflicts a very high priority activity. There are strong indications that substantial progress is being made in this area through their cadastral survey and rural population census tasks. Another essential element in achieving a satisfactory resolution of this issue is PAAR's rural community activity in promocion y consulta. In performing this benefit-cost analysis we allocate their full tenencia y usufructo budget and one-third of their promocion y consulta budget to this objective and expect that as a result of these efforts COHDEFOR will recapture a substantial portion of the funds now lost due to illegal "taxes" and reduced competition in the timber bidding process. We conservatively estimate an additional 10% increase in stumpage value due to PAAR's efforts in this area. A benefit-cost ratio of 4.66 is observed for the involved tasks of these two activities.

Planificacion Forestal.     There are three task categories identified within PAAR's planning activity. The collection of data and preparation of the maps essential to land management decisions is included here. Five year plans are to be developed as well as plans relating to watershed and protection forests. All planning activity is to be integrated from the level of the long range master forest plan to annual operating plans.


Through the efforts of PAAR the Yoro forest management unit has been able to maintain a level of planning effort that would not have been otherwise possible. Because of this support they are well prepared to aggressively pursue full implementation of the forest management plan. We anticipate that by the start of 2004 they will be well on their way to targeted harvest levels as envisioned in this plan. We think that PAAR's assistance has placed them about four years in advance of where they would be without it. We would assign all of the costs associated with this activity to this effort and estimate the benefit cost ratio to be 6.45.

Inventarios Forestales.     Within inventory activity are two task categories covering all forest measurements. Timber stand information needed for any level of planning from the long range forest master plan to operational plans are found within this activity. Also included is the marking of standing timber prior to sale.


The use of consulting foresters to do inventory and sale preparation work in lieu of COHDEFOR personnel can result in lower associated costs. We estimate that the sale preparation cost originally budgeted for this task can be reduced by approximately one-quarter. In order to achieve this transition to the use and administration of consulting foresters in this task PAAR will have expended funds from the inventory activity budget. We have applied an estimated expenditure of one-quarter the monies budgeted for this activity. A benefit-cost ratio of 1.75 is estimated for this task.

Promocion y Consulta.     The promulgation and consultation activity has five task categories directed at communication with local communities. Active two-way communication with the rural population is sought through consultation on and explanation of forestry related activities.


One-third of the funds budgeted to these tasks were charged to PAAR's work at resolving open or latent community opposition to normalized timber sales. The benefit associated with this cost has already been discussed in connection with Tenencia y Usufructo activity.

Manejo Forestal.     There are six task categories within management activity. This activity is quite comprehensive and covers most aspects of forest management including protection, maintenance of forest access, silvicultural operations and sale administration.


Very significant reductions in the costs associated with achieving stand regeneration can be achieved through the use of municipal contracts. We estimate that regeneration costs can easily be cut by one-fifth or more using what has been learned in both Yoro and the El Cajon project. The cost of developing and institutionalizing this community based contractual approach to regeneration we estimate at one-quarter of PAAR's expenditures in this activity. A benefit-cost ratio of 5.36 is calculated for this undertaking.


Fire presuppression and suppression tasks done with PAAR funding has been impressive. Potential annual losses due to wildfire have been substantially reduced. These reductions in areas burned will result in increased annual yields at time of harvest. It is estimated that these increases will be in the order of five percent of current yields. One-quarter of PAAR's expenditures in this activity were assigned to presuppression and suppression related tasks. A benefit-cost ratio of 8.92 is estimated for these tasks.

Investigacion Forestal.     Four task categories comprise research activity. These applied research tasks are directed at improving conditions contributory to sustainable forest management. Legal, technical and economic issues are addressed within this activity.


PAAR has taken a major role in the development of the new forest law. Under the proposed law COHDEFOR will be given more discretion in establishing rotation ages for the national forests. Economic considerations should enter into the determination of the appropriate rotation age. We feel that some movement toward a shorter rotation will be achieved because of the very substantial economic returns that can be realized. It is conservatively estimated that the rotation age will be changed from 40 to about 35 years in Yoro. Certainly for mature timber stands experiencing low marginal value growth, such as those found in Yoro, an early conversion to an appropriate SEV rotation is economically justifiable. We estimate that PAAR has and will expend about one-fifth of its activity budget in work related to this effort. The benefit-cost ratio of 119.28 for this task indicates that it is money well spent indeed.

Social Impact

It is our understanding that a separate party will analyze the social impacts of the forest management subcomponent. We enumerate here the ones that are important to an economist.

In Yoro, a record of almost one year, shows that the involvement of communities and individuals in all aspects of forest management instigated through the PAAR project, has led to a lowered fire incidence. Obviously local people feel that they have now a personal stake in the health of the forest. It is too early to tell whether this will also lead to a reduction in fire damage, once a fire gets started. We have provided a quantitative estimate of this social impact and incorporated that estimate in the FRM model.

Another social impact is the resolution on the “timber tax” issue, where local and/or outside groups exact a fee upon harvesting. This impact has also been quantified and accounted for in the FRM model.

Employment is another important social economic impact. Based on some PAAR project data (2000b) and data gleaned from the project El Cajon (1999) - which has a longer history than the PAAR project - we estimated the following numbers:

· Site preparation for reforestation provides 2 mandays/ha. At a steady state annual allowable cost of 873 ha this means 1746 mandays/year.

· Planting shows 200 plant/manday. At a 2x2 m spacing this means 2500 plants/ha, which in turn means 12.5 mandays/ha. Assuming that with the seed free method only 20% of the annual allowable harvest of 873 ha would have to be planted, this generates 0.2*873*12.5 mandays/year or 2182 mandays. The other 80% of the 873 ha will be handled through spot planting (complementacion). Assuming this will take only 20% of the 12.5 mandays calculated for planting, this will generate 0.80*873*0.20 mandays or 2182 m or 1746 mandays/year. Regeneration through planting and complementacion will generate 2182+1746=3928 mandays/year.

· Annual management activities are placed at 2 mandays per ha per year, for a total for the 30555 ha in Yoro of 61110 mandays.

· Not counting sale preparation and harvesting (which may not involve the local people to any large extent), about 1746+3928+61110= 66784 mandays of employment are generated for replanting/regeneration/all forest management activities. At 200 mandays per full time employee per year, this means an employment of 334 full time persons. For 30555 ha this is about 1 full time person per 100 ha. In Europe this number used to be 2 persons, so this is a conservative estimate.


We have no estimates for employment multipliers for Honduras. In the US in rural areas, these tend to be about 1.8-2.7. If the multiplier could be assumed to be 2, total employment generated could be as much as 133568 mandays in Yoro.


These 3 social impacts capture the most important social economic effects. There are, of course, others, but we will leave a more detailed social impact analysis to the specific social analysis. Both authors were impressed by the reporting in 3 separate meetings with the mayors. They indicated that the largest desired benefits were in the areas of infrastructure (roads, bridges and telephone lines) as well as in waste water and water for consumption. The PAAR project in its totality provides some of these benefits. We did not include these benefits in our calculations.

Environmental Benefits and Other Externalities

The PAAR project can be credited with a number of environmental impacts. Economically, these are in the nature of externalities, largely nonmarketable benefits.


As important environmental benefit provides through the PAAR project is the sustainability of the forest management. Sound forest management coupled with the demonstration and construction of simple erosion control systems (rondos), will largely eliminate erosion and leads to a healthy pine forest. This, in turn, provides benefits such as carbon sequestration, a healthy wildlife and a maintenance of biodiversity (as stimulated through the seed tree method).


Another very important benefit is the area of water production. While trees are not the optimal vegetation if water yields are to be maximized (shrubs are), a healthy forest stand does regulate water intake and reduces water runoff in extreme precipitation cases (as happens in the recurring hurricanes). In meetings with the 3 mayors of communities such as those from the city of Yoro, this benefit was obviously driven home after the impacts of hurricane Mitch. Clean water was obviously a product the communities were willing to pay for, including payment for forest management activities.


Finally, the seed tree method as employed in the management of the pine forests by PAAR, is conducive to the maintenance of biodiversity and the gene pool. the one negative environmental impact is in the harvesting phase as envisioned by the management plans. While these can, and are, mitigated, roading tends to produce negative impacts even when done carefully.

Expansion Prognosis - Olancho and Francisco Morazan

The Olancho and Francisco Morazan management areas have a biosocial environment similar to that found in Yoro. A high proportion of their pine forest is in the more mature age classes and the average site class is not likely to be much different from that of Yoro. These two areas also have rural populations that live in or near the national forests and are very attentive to COHDEFOR activities in these forests.


The economic analysis of PAAR's influence on COHDEFOR operations in Yoro has shown a very high benefit-cost ratio. PAAR's very positive impact on national forest land and timber value in Yoro was found to extend over a wide range of price levels and interest rates. Give the similarities between these three areas we would not anticipate any major departures from the previous results obtained in Yoro. In fact we anticipate even higher returns from PAAR’s efforts in the future.


By building on their experience in Yoro PAAR can now initiate and execute selected tasks with greater speed and efficiency. There not only exists a cadre of well-trained PAAR and COHDEFOR personnel but a much improved level of communication and coordination between their respective offices in Tegucigalpa. All of these factors bode well for a successful expansion of the program into Olancho and Francisco Morazan. Some caveats are warranted however.


It is important that PAAR target essential tasks, relegating or eliminating lesser tasks from its agenda. We feel that in both Olancho and Francisco Morazan major emphasis must be placed on the activities of tenancy and usufruct, and, promulgation and consultation. Success here, as in Yoro, is dependent upon having an identifiable rural population that is in agreement with what is being done by COHDEFOR. 

Likewise COHDEFOR should begin to step up to its responsibilities and assume its proper role in funding and administering many of the tasks currently supported by PAAR. This transition will not be easy. COHDEFOR is still recovering from earlier turmoil. There is a very heavy back-log of work in the regional and central office. There have been changes in personnel and record keeping procedures. Paperwork delays are the norm in Tegucigalpa. In spite of these hindrances however we feel that this transition must be started soon in order to eventually ensure a successful conclusion to PAAR's participation.


Given a benefit-cost ratio of 11.9 for PAAR's work in Yoro; the similarities between these three forest management areas, and the wealth of experience gained to date by PAAR and COHDEFOR we fully expect PAAR to successfully export its activities to Olancho and Francisco Morazan.

RECOMMENDATIONS ON THE PAAR MODEL

Financial Viability


The results of this analysis strongly suggest that the PAAR model of institutional support and development is financially viable. Under very conservative assumptions the benefit-cost ratio of PAAR's activities in Yoro is 11.9 and potential changes due to its participation promise to essentially doubled the value of national land and timber under COHDEFOR management. The cash-flow situation in Yoro has been slightly positive since the beginning of the PAAR program but will not significantly improve until timber sales are normalized at which point the annual revenue generated should be 2½ to 3 times the annual cost.


In order to realize these financial returns PAAR needs to follow-through on its work to date. The most important ingredient now needed by COHDEFOR is institutional stability. Institutional stability requires sufficient funding, consistent policy and reputable administrators. PAAR has played an admirable role in helping to promote and procure these essential elements and it needs to continue these successful efforts if the financial benefits of its contribution to date are to be realized.

Advantages and Disadvantages


PAAR has the fundamental advantage of rapid and innovative flexibility in developing solutions to forest management problems. It has found successful solutions to several of COHDEFOR's more difficult problems. To this end it has aggressively pursued decentralization, social forestry, and outside contracting of services. Untethered by the usual standard operating procedures it has carefully crafted and instituted its own solutions. 


COHDEFOR's current dependency on PAAR's financial and administrative support must be addressed. The high intensity and relative brevity of PAAR's funding is a factor of particular concern. COHDEFOR's response to the abrupt cessation of this level of outside funding must be taken into account. Whether changes fostered by PAAR will continue beyond the end of the program in the absence of this outside funding is an open question. It is also unknown whether those changes which were quickly introduced at the regional level can become institutionalized at the national level in the absence of strong outside support.

Future Directions and Opportunities


With its work in Yoro PAAR has played a key role in COHDEFOR's development. Every indication is that this very successful work will be carried over to Olancho and Francisco Morazan. It is in the resolution of land tenancy and usufructuary benefits that we feel PAAR can continue to play an absolutely essential role. Without the resolution of these issues COHDEFOR will be unable to perform its forest management mission. Many of the other activities funded by PAAR should be handed off to COHDEFOR as soon as possible and PAAR's attention, and funds, directed at more pressing issues.


Greater emphasis should be placed on policy issues. We note PAAR's successful work to-date with the proposed new forestry law and believe that it should continue. PAAR should work vigorously to procure adequate GOH funding for COHDEFOR. It should follow-up on obtaining changes in the rotation age and revision of the forest management plans. All of these activities when done at the national level have very high benefits at a relatively modest cost.


We think that there are very great benefits to be gained in market development. PAAR should explore ways to draw national and international attention to Honduras' supply of small wood. If international chip buyers could be assured of a punctual supply there is every reason to think that they would be very interested. The possibility of municipal thinning contracts on national forest land should be explored in this context. 


PAAR should more actively encourage the development of a stronger relationship between COHDEFOR and the academic institutions of Honduras. We feel that there are mutually beneficial opportunities in a number of areas including cooperative programs in silviculture and harvest planning. 


The continued development of COHDEFOR's computer network is of singular importance. The exchange of information between the regional and national office is a constant source of difficulty due to transfer delays and lack of standardized forms. When CIEF gets the GIS system on-line its data should be made accessible from the regional offices. We strongly encourage PAAR's continued work in this area.
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APPENDIX II

Study Methodology


The methodology applied in this study was that typically followed when doing a benefit-cost analysis:

· The goals of PAAR's forest management activities were identified along with their indicators.

· A measure of each indicator was specified and predictions were made of their future levels.

· Prices were forecast for each indicator and the financial impact calculated for future levels.

· A guiding interest rate was specified and all values were brought to the present.

· The benefit-cost ratio was determined.

For the forest management unit of Yoro PAAR's primary goal was, and is, to significantly improve the economic efficiency of COHDEFOR's management activities. Attendant social and environmental indicators, such as rural employment and soil erosion were also to be improved. Many of the indicators associated with the project are not easily quantified and these were to be examined qualitatively where possible. 

A key project indicator is the level of timber harvest over time (M3/yr) within the forest management unit. In order to predict these levels over time a forest regulation model (FRM) was developed. The FRM is programmed to portray and analyze the economics of converting the existing unregulated forest to one which is fully regulated.

Historical input prices in the region for management activities were examined and adjusted to reflect current price levels. Input prices observed under alternative management structures and procedures were also examined. Output prices were developed from historical trends in stumpage and more recently observed local conditions that have, and will, impacted prices. These prices were applied to the assumed inputs and predicted outputs of the FRM to arrive at a prediction of cash flow over time.

A guiding interest rate was used to calculate the present net value of benefit and cost streams. All future expenditures and revenues employed in the analysis are calculated in current values. It is also assumed that there will be no significant real price inflation on either the input or output side. Thus the guiding rate does not contain any allowance for inflation.

Benefit-cost ratios were developed. In all cases the benefit-cost ratio was calculated as the change in benefits divided by the change in costs as determined with and without the participation of PAAR. Net financial returns accruing to the management unit, with and without PAAR, were first projected over an infinite time horizon and then discounted by a guiding rate of interest to a common point of comparison. Costs associated with PAAR's participation were brought to the same point of comparison and the benefit-cost ratio calculated.

APPENDIX III

Computer Models


Two models were developed for this study. The first model was designed to find the financial rotation age that maximizes the soil expectation value (SEV) of land devoted to timber production in perpetuity. In order to calculate specific benefits and costs associated with different management scenarios applied to the forest of Yoro a forest regulation model (FRM) was also developed. Both of these are spreadsheet models and were written using Microsoft Excel. 

SEV


The following model parameters are controlled by the analyst:

1. STAND SITE CLASS

2. SEEDTREE VOL./HA. 

3. AGE AT SEEDTREE REMOVAL

4. AGE AT FIRST THINNING

5. AGE AT SECOND THINNING

6. AGE AT THIRD THINNING

7. AGE AT FINAL HARVEST 

8. INPUT COST ADJUSTMENT FACTOR

9. REVENUE ADJUSTMENT FACTOR

10. DISCOUNT RATE

In addition to these parameters the analyst can also change individual prices on the input and output side:

INPUT PRICES

1. 5-YR PLAN

2. MULTIPLE USE ACTIVITY

3. ADMINISTRATIVE OVERHEAD

4. REGENERATION

5. INTENSIVE PROTECTION

6. EXTENSIVE PROTECTION

7. ANNUAL PLAN, SEEDTREE

8. ANNUAL PLAN, THINNING 1

9. ANNUAL PLAN, THINNING 2

10. ANNUAL PLAN, THINNING 3

11. ANNUAL PLAN, FINAL CUT

12. SALE PREPARATION, SEEDTREE

13. SALE PREPARATION, THINNING 1

14. SALE PREPARATION, THINNING 2

15. SALE PREPARATION, THINNING 3

16. SALE PREPARATION, FINAL CUT

17. ROAD CONSTRUCTION, SEEDTREE

18. ROAD CONSTRUCTION, THINNING 1

19. ROAD CONSTRUCTIONTHINNING 2

20. ROAD CONSTRUCTION, THINNING 3

21. ROAD CONSTRUCTION, FINAL CUT

22. ROAD MAINTENANCE, SEEDTREE

23. ROAD MAINTENANCE, THINNING 1

24. ROAD MAINTENANCE, THINNING 2

25. ROAD MAINTENANCE, THINNING 3

26. ROAD MAINTENANCE, FINAL CUT

27. MUNICIPAL TAX, SEEDTREE

28. MUNICIPAL TAX, THINNING 1

29. MUNICIPAL TAX, THINNING 2

30. MUNICIPAL TAX, THINNING 3

31. MUNICIPAL TAX, FINAL CUT

OUTPUT PRICES 

1. SEEDTREE REMOVAL

2. FIRST THINNING

3. SECOND THINNING

4. THIRD THINNING

5. FINAL HARVEST

Individual inputs and outputs can be zeroed out if appropriate. The analyst also has considerable control over the timing of expenditures and revenues.

With regard to program output the analyst has two options. Values can be entered for the above control parameters and their impact on the present net worth of one rotation as well as the soil expectation value immediately observed.

PNV (ONE ROTATION) = 
"calculated value"

SEV = 



"calculated value"


Alternatively, the analyst may have the program generate all of the SEVs for a range of rotation ages. The program searches through this list and selects the age yielding the maximum value. All of the SEVs are also plotted against their rotation age. For example:


SEV
ROTATION AGE



44
15
STARTING AGE


1299
16



2383
17



3318
18



4121
19



4054
20



4663
21



5177
22



5605
23



5957
24



5739
25



5975
26



6154
27



6282
28



6364
29



6405
30



6409
31



6380
32



6323
33



6239
34



6075
35



5956
36



5820
37



5667
38



5501
39



5324
40



5136
41



4941
42



4739
43



4531
44



4320
45
ENDING AGE

MAXIMUM SOIL EXPECTATION VALUE =
6408.88



OPTIMAL ROTATION AGE =
31
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The discontinuities or "jogs" in the SEV curve are due to the thinning schedule. Thinnings in this case have been scheduled to occur at 15, 20 and 30 years. The discontinuities are caused because the program has been designed not to permit any scheduled thinning which occurs within five years of the final harvest. This lack of continuity or smoothness in the slope of the curve means that the Excel optimization routine Solver would have potential difficulty in finding the maximum point. It is for this reason that an age-SEV list is created and searched for the maximum point.

The analyst can also view the cash flow pattern by management activity. After entering all parameters including the rotation age of interest this table may be seen on the Excel sheet labeled CASH.FLOW. 

The stand table for the current STAND SITE CLASS parameter entry can be found on the sheet labeled STD.TBLE.

FRM


All of the control parameter options listed for the SEV model are also available for the FRM. In the first set of parameters there is one addition parameter:

YEARS TO BEGINNING OF CONVERSION PERIOD


This parameter specifies the "ramp-up period". This transition period from the current level of forest management to a target level consistent with the forest regulation plan is specified by the analyst. The very earliest date at which the start of such activity levels might be realized is January, 2002. Any target date out to 2010 can be specified. 


A large number of revenue and expenditure categories for PAAR and COHDEFOR may also be changed by the analyst. For PAAR these expenditures are allocated by year and activity. For COHDEFOR they are allocated only by year. 


For benefit-cost analysis the annual contribution made by PAAR to any task within each of the major forest management activities must be controllable. This control is provided by the following parameter sets:

PROPORTION OF TOTAL EXECUTED AND BUDGETED

FUNDS FOR SUSTAINABLE MANAGEMENT TO BE

ALLOCATED TO THIS FOR. MGMT. UNIT =



--%

PROPORTION OF TOTAL EXECUTED AND BUDGETED

FUNDS FOR INSTITUTIONAL DEVELOPMENT TO BE

ALLOCATED TO THIS FOR. MGMT. UNIT =



--%

PROPORTION OF EXECUTED PAAR ACTIVITY


COSTS DURING THE YEARS 1998, 1999, 2000


TO INCLUDE IN TASK B-C ANALYSIS


TENANCY =

--

PLANNING =

--

INVENTORY =

--

CONSULTATION =
--

MANAGEMENT =
--

RESEARCH =

--

INST DEVEL =

--

PROPORTION OF BUDGETED PAAR ACTIVITY


COSTS FOR THE YEARS 2001 AND 2002 TO


INCLUDE IN TASK B-C ANALYSIS


TENANCY =

--

PLANNING =

--

INVENTORY =

--

CONSULTATION =
--

MANAGEMENT =
--

RESEARCH =

--

INST DEVEL =

--

In order to provide additional flexibility for analysis another set of parameters may be changed. These parameters specify existing stand conditions on the forest management unit. The following parameters are to be found in the Excel program on the sheet labeled STAND.PARAMS:

EXISTING STAND
EFFECTIVE AREA
CURRENT AGE

NET VOL./HA.

CONDITION







FINAL CUT

PE


--


--


--

PE


--


--


--

Pr


--


--


--

Pr


--


--


--

P0


--


--


--

P0


--


--


--

P1


--


--


--

P1


--


--


--

P2


--


--


--

P2


--


--


--

PL


--


--


--

PL


--


--


--
Entries for these parameters define the existing situation in the forest management unit. Note that a maximum of two entries are permitted for each EXISTING STAND CONDITION. 


Harvest volumes per hectare are to be specified for the existing stands as well as future managed stands. For future managed stands the harvested volumes in the final cut are taken from yield tables and do not have to be specified except for the mixed pine-broadleaf category. Volumes removed in thinnings must also be specified for both existing and future managed stands.


For the parameters specified the following output is generated:

PRESENT VALUE OF THE REVENUE STREAM =


--

PRESENT VALUE OF THE TOTAL COST STREAM =


--

PRESENT VALUE OF ALL PROPORTIONED PAAR EXPENDITURES =

--

PRESENT VALUE OF ALL COHDEFOR EXPENDITURES =


--

PRESENT NET WORTH OF THE FMU'S TIMBER AND LAND =

--

In addition to this output a cash-flow table for the forest management unit can be found on the Excel sheet labeled CASH.FLOW and the harvest areas and volumes through the conversion period are to be found on the sheet labeled STAND.PARAMS.


Both of these programs are on a 3½" diskette provided with this report.

APPENDIX IV

Data Base


Quantitative data for model analysis were collected from a number of sources. Two major data sources of published and unpublished material were the offices of PAAR and COHDEFOR. Additional data on stand growth and yield were obtained from ESNACIFOR. Qualitative data and general information regarding changes in forest management practices and their impact on the physical and social environment were primarily collected from these same sources. 


The following input cost data were extracted from COHDEFOR's 1997 forest management plan for Yoro and the report by Flores and Ruiz (1996). The cost categories and their timing are based on the Yoro forest management plan. 

1. 5-YR PLAN



-1.50

LPS/HA

2. MULTIPLE USE ACTIVITY


-2.30

LPS/HA

3. ADMINISTRATIVE OVERHEAD

-18.80

LPS/M3

4. REGENERATION



-2459.00

LPS/HA

5. INTENSIVE PROTECTION


-15.00

LPS/HA

6. EXTENSIVE PROTECTION


-7.40

LPS/HA

7. ANNUAL PLAN, SEEDTREE


0.00

LPS/HA

8. ANNUAL PLAN, THINNING 1


-11.40

LPS/HA

9. ANNUAL PLAN, THINNING 2


-11.40

LPS/HA

10. ANNUAL PLAN, THINNING 3


-11.40

LPS/HA

11. ANNUAL PLAN, FINAL CUT


-11.40

LPS/HA

12. SALE PREPARATION, SEEDTREE

0.00

LPS/HA

13. SALE PREPARATION, THINNING 1

-152.70

LPS/HA

14. SALE PREPARATION, THINNING 2

-152.70

LPS/HA

15. SALE PREPARATION, THINNING 3

-152.70

LPS/HA

16. SALE PREPARATION, FINAL CUT

-152.70

LPS/HA

17. ROAD CONSTRUCTION, SEEDTREE
0.00

LPS/M3

18. ROAD CONSTRUCTION, THINNING 1
-2.00

LPS/M3

19. ROAD CONSTRUCTIONTHINNING 2
-2.00

LPS/M3

20. ROAD CONSTRUCTION, THINNING 3
-2.00

LPS/M3

21. ROAD CONSTRUCTION, FINAL CUT
-2.00

LPS/M3

22. ROAD MAINTENANCE, SEEDTREE

-347.00

LPS/HA

23. ROAD MAINTENANCE, THINNING 1
-347.00

LPS/HA

24. ROAD MAINTENANCE, THINNING 2
-347.00

LPS/HA

25. ROAD MAINTENANCE, THINNING 3
-347.00

LPS/HA

26. ROAD MAINTENANCE, FINAL CUT

-347.00

LPS/HA

27. MUNICIPAL TAX, SEEDTREE


-0.0300

LPS/LP

28. MUNICIPAL TAX, THINNING 1

-0.0300

LPS/LP

29. MUNICIPAL TAX, THINNING 2

-0.0300

LPS/LP

30. MUNICIPAL TAX, THINNING 3

-0.0300

LPS/LP

31. MUNICIPAL TAX, FINAL CUT


-0.0300

LPS/LP

With the exception of items 27 - 31 these 1996 prices were increased by a factor of 1.83 using the consumer price index of the International Monetary Fund (2000). Since revenue is calculated in terms of stumpage values rather than mill side prices there is no deduction for harvesting related costs assumed by the purchaser. Those sale related costs traditionally covered by COHDEFOR are included; e.g., sale preparation, some road construction and maintenance. The municipal tax has been increased to 3% of sale value from its previous value of 1%.


The following stumpage prices are based on those quoted by Flores and Ruiz (1996) and the Yoro forest management plan (COHDEFOR 1997) after adjusting by the consumer price index:

STAND AGE

STUMPAGE

1. SEEDTREE REMOVAL

5

540

2. FIRST THINNING


15

35

3. SECOND THINNING

20

55

4. THIRD THINNING


30

125

5. FINAL HARVEST


40

540

Flores (1996) reports data for competitive final harvest sales during the period 1994-1996. 

SALE

OBSERVED

CPI ADJUSTED

YEAR

SALE PRICE

YEAR 2000 PRICE

1994

237



695

1995

228



516

1996

312



570

When weighted by sale volumes the mean CPI ADJUSTED YEAR 2000 PRICE is 580 lempiras per cubic meter. 

In order to better reflect the current stumpage price situation in Yoro revealed by recent sales in that Department as well as discussions with regional personnel the CPI adjusted prices reported by Flores and Ruiz shown in the table above have been reduced twenty-five percent (COHDEFOR 1999) to arrive at the following base prices for stumpage in Yoro:

STAND AGE

STUMPAGE

(YEARS)

(LPS/M3)

6. SEEDTREE REMOVAL

5

405

7. FIRST THINNING


15

26

8. SECOND THINNING

20

41

9. THIRD THINNING


30

94

10. FINAL HARVEST


40

405

Revenue and expenditures on forest management in Yoro since the beginning of the PAAR project were provided by COHDEFOR (2000) and PAAR (2000). COHDEFOR's contribution this year and the following was assumed to continue at more or less its 1999 level:

COHDEFOR


YEAR

REVENUE
EXPENDITURES




1998

7,356,855
1,360,655




1999

7,922,312
985,158

PROJECTED
2000

8,000,000
1,000,000

PROJECTED
2001

8,000,000
1,000,000

PAAR's expenditures are shown in the following table. Since these values are for all of the Unidades de Gestion within the PAAR project they must be apportioned. The appropriate proportion for the three Unidades de Gestion in the forest management plan for Yoro is approximately 25% of these tabulated values. Projected values were available for PAAR's activities during the next two years.

PAAR



YEAR

EXPENDITURES
EXPENDITURES






INSTITUTIONAL
SUSTAINABLE

DEVELOPMENT
MANAGEMENT




1998

6,931,145

69,856




1999

17,648,137

7,379,830




2000

6,134,696

18,703,965

PROJECTED
2001

11,833,393

18,789,917

PROJECTED
2002

4,894,689

6,811,802

The expenditures by PAAR on sustainable forest management were further categorized by activity:

YEAR


1,998

1,999

2,000

2,001

2,002

TENANCY

27,500

36,250

6,215,987
7,826,500
195,000

PLANNING

0

604,022

8,462,800
722,000

160,000

INVENTORY

0

2,080,415
1,874,178
2,195,616
1,440,000

CONSULTATION
42,356

957,322

486,000

1,583,001
806,002

MANAGEMENT
0

3,489,961
1,605,000
5,914,800
4,132,800

RESEARCH

0

211,860

60,000

548,000

78,000

TOTAL


69,856

7,379,830
18,703,965
18,789,917
6,811,802

PAAR's expenditure on tasks within each activity was apportioned uniformly.


Based on communication with the World Bank (Muller and Lopez 2000) a range of values were used for the guiding rate of interest. Since real input and output prices are used in the analysis it was decided that a range of values from 5% to 9% would be appropriate for our work.


Past observed prices were brought to the year 2000 price level using the consumer price index for Honduras currently accepted by the International Monetary Fund (2000a,b):

YEAR
1994
1995
1996
1997
1998
1999
2000

CPI
550
712
881
1060
1205
1344
1609*

This CPI is a 12 month average and uses 1978 as the base year. The value inserted for the year 2000 is a baseline projection made by the IMF.


The type and timing of silvicultural treatments is based on those found in the forest management plan for Yoro (COHDEFOR 1997):

1. Seedtree regeneration with ten trees per hectare and removal after five years

2. Intensive fire protection of regenerated stands for the first ten years

3. Extensive fire protection for the balance of the rotation

4. Thinnings from below at 15, 20 and 30 years.

5. Final harvest at 40 years.

Areas and final harvest volumes per hectare for the existing stand conditions are those given in the forest management plan for Yoro. Seedtree volumes of 10 M3/ha are to be deducted from the net volume per hectare.

STAND CONDITION
CURRENT AGE

EFFECTIVE AREA

NET VOLUME





YRS


HA


M3/HA

PE


5


899


116.96

Pr


5


5,166


116.96

P0


20


3,844


116.96

P1


30


6,145


116.96

P2


50


4,898


116.96

PL


40


9,607


43.31

Thinning volumes extracted from existing and managed stands are specified to be:





EXISTING STANDS
MANAGED STANDS






M3/HA


M3/HA
FIRST THINNING (15 YRS)

14.00


14.00

SECOND THINNING (20 YRS)

21.35


24.75

THIRD THINNING (30 YRS)

30.73


80.00

The final harvest values for future managed stands are given as:

STAND CONDITION
NET VOLUME (M3/HA)

PL


150.00

ALL OTHER

206.73

All of these values for harvest volumes come from the 1997 forest management plan for Yoro. The only exception is the final harvest value for future managed stands. This latter value is found using a growth model based on Pinus oocarpa data collected in Honduras (Groothousen 1980, 1993).


The cost information given above is used in both the FRM and the SEV models. The SEV model however uses thinning and final harvest volumes based on the above cited work by Groothousen.

APPENDIX V

Output Interpretation

SEV

The SEV does not consider the existing forest stand in its calculation but rather starts with bare ground. Since the usual method of stand regeneration in Yoro is by seedtree it was decided to start the rotation with ten seedtrees per hectare, all of which will be removed five years into the rotation. 


The optimal rotation length depends on several factors, stand growth rates as expressed by the site class, the guiding interest rate, and the magnitude and timing of the revenue and expenditures. The most likely conditions were taken as site class 3 forest land, a guiding interest rate of 7%, with costs and timing as given in the following table. In this table a rotation age of 40 years has been assumed for purposes of demonstration.

EXPENSES
ANALYTICAL TIME (YEARS)

BASE
ADJUSTED
UNITS

ACTIVITIES
BEGIN
END
PRICE
PRICE


5-YR PLAN
0
39
-2.75
-2.75
LPS/HA

MULTIPLE USE ACTIVITY
0
39
-4.21
-4.21
LPS/HA

ADMINISTRATIVE OVERHEAD
39
39
-34.40
-34.40
LPS/M3

REGENERATION
2
2
-4499.97
-4499.97
LPS/HA

INTENSIVE PROTECTION
0
9
-27.45
-27.45
LPS/HA

EXTENSIVE PROTECTION
10
39
-13.54
-13.54
LPS/HA

ANNUAL PLAN, SEEDTREE
5
5
0.00
0.00
LPS/HA

ANNUAL PLAN, THINNING 1
15
15
-20.86
-20.86
LPS/HA

ANNUAL PLAN, THINNING 2
20
20
-20.86
-20.86
LPS/HA

ANNUAL PLAN, THINNING 3
30
30
-20.86
-20.86
LPS/HA

ANNUAL PLAN, FINAL CUT
40
40
-20.86
-20.86
LPS/HA

SALE PREPARATION, SEEDTREE
5
5
0.00
0.00
LPS/HA

SALE PREPARATION, THINNING 1
15
15
-279.44
-279.44
LPS/HA

SALE PREPARATION, THINNING 2
20
20
-279.44
-279.44
LPS/HA

SALE PREPARATION, THINNING 3
30
30
-279.44
-279.44
LPS/HA

SALE PREPARATION, FINAL CUT
40
40
-279.44
-279.44
LPS/HA

ROAD CONSTRUCTION, SEEDTREE
5
5
0.00
0.00
LPS/M3

ROAD CONSTRUCTION, THINNING 1
15
15
-3.66
-3.66
LPS/M3

ROAD CONSTRUCTIONTHINNING 2
20
20
-3.66
-3.66
LPS/M3

ROAD CONSTRUCTION, THINNING 3
30
30
-3.66
-3.66
LPS/M3

ROAD CONSTRUCTION, FINAL CUT
40
40
-3.66
-3.66
LPS/M3

ROAD MAINTENANCE, SEEDTREE
5
5
-635.01
-635.01
LPS/HA

ROAD MAINTENANCE, THINNING 1
15
15
-635.01
-635.01
LPS/HA

ROAD MAINTENANCE, THINNING 2
20
20
-635.01
-635.01
LPS/HA

ROAD MAINTENANCE, THINNING 3
30
30
-635.01
-635.01
LPS/HA

ROAD MAINTENANCE, FINAL CUT
40
40
-635.01
-635.01
LPS/HA

MUNICIPAL TAX, SEEDTREE
5
5
-0.0300
-0.0300
LPS/LP

MUNICIPAL TAX, THINNING 1
15
15
-0.0300
-0.0300
LPS/LP

MUNICIPAL TAX, THINNING 2
20
20
-0.0300
-0.0300
LPS/LP

MUNICIPAL TAX, THINNING 3
30
30
-0.0300
-0.0300
LPS/LP

MUNICIPAL TAX, FINAL CUT
40
40
-0.0300
-0.0300
LPS/LP












ADJUSTED


REVENUE



REVENUE


SEEDTREE REMOVAL
5
5
405.00
405.00
LPS/M3

FIRST THINNING
15
15
26.00
26.00
LPS/M3

SECOND THINNING
20
20
41.00
41.00
LPS/M3

THIRD THINNING
30
30
94.00
94.00
LPS/M3

FINAL HARVEST
40
40
405.00
405.00
LPS/M3

Maximizing the SEV under these assumptions leads to an optimal rotation age of 24 years with a SEV of 5570 lempiras per hectare. This is the value of bare (only seedtrees remaining) national forest land managed by COHDEFOR under the 1997 management plan and general cost structure.


A cash-flow table is created to show the pattern of expenditures and revenue over time associated with the optimal rotation age of 24 years.
















ANALYTICAL

5-YR PLAN
MULT. USE
ADMIN
REGEN
PROT INTEN
PROT EXTEN
ANN PLAN
SALE PREP
RD CONST
RD MAINT
MUNI
COSTS
REVENUE
BALANCE
DISCOUNTED
TIME

-2.75
-4.21
 
 
-27.45
 
 
 
 
 
 
-34.40
 
-34.40
-34.40
0

-2.75
-4.21
 
 
-27.45
 
 
 
 
 
 
-34.40
 
-34.40
-32.15
1

-2.75
-4.21
 
-4499.97
-27.45
 
 
 
 
 
 
-4534.37
 
-4534.37
-3960.50
2

-2.75
-4.21
 
 
-27.45
 
 
 
 
 
 
-34.40
 
-34.40
-28.08
3

-2.75
-4.21
 
 
-27.45
 
 
 
 
 
 
-34.40
 
-34.40
-26.25
4

-2.75
-4.21
 
 
-27.45
 
 
 
 
-635.01
-121.50
-790.91
4050.00 
3259.09
2323.68
5

-2.75
-4.21
 
 
-27.45
 
 
 
 
 
 
-34.40
 
-34.40
-22.92
6

-2.75
-4.21
 
 
-27.45
 
 
 
 
 
 
-34.40
 
-34.40
-21.43
7

-2.75
-4.21
 
 
-27.45
 
 
 
 
 
 
-34.40
 
-34.40
-20.02
8

-2.75
-4.21
 
 
-27.45
 
 
 
 
 
 
-34.40
 
-34.40
-18.71
9

-2.75
-4.21
 
 
 
-13.54
 
 
 
 
 
-20.50
 
-20.50
-10.42
10

-2.75
-4.21
 
 
 
-13.54
 
 
 
 
 
-20.50
 
-20.50
-9.74
11

-2.75
-4.21
 
 
 
-13.54
 
 
 
 
 
-20.50
 
-20.50
-9.10
12

-2.75
-4.21
 
 
 
-13.54
 
 
 
 
 
-20.50
 
-20.50
-8.51
13

-2.75
-4.21
 
 
 
-13.54
 
 
 
 
 
-20.50
 
-20.50
-7.95
14

-2.75
-4.21
 
 
 
-13.54
-20.86
-279.44
-16.60
-635.01
-3.43
-975.83
117.90
-857.93
-310.95
15

-2.75
-4.21
 
 
 
-13.54
 
 
 
 
 
-20.50
 
-20.50
-6.94
16

-2.75
-4.21
 
 
 
-13.54
 
 
 
 
 
-20.50
 
-20.50
-6.49
17

-2.75
-4.21
 
 
 
-13.54
 
 
 
 
 
-20.50
 
-20.50
-6.06
18

-2.75
-4.21
 
 
 
-13.54
 
 
 
 
 
-20.50
 
-20.50
-5.67
19

-2.75
-4.21
 
 
 
-13.54
 
 
 
 
 
-20.50
 
-20.50
-5.30
20

-2.75
-4.21
 
 
 
-13.54
 
 
 
 
 
-20.50
 
-20.50
-4.95
21

-2.75
-4.21
 
 
 
-13.54
 
 
 
 
 
-20.50
 
-20.50
-4.63
22

-2.75
-4.21
-3968.44
 
 
-13.54
 
 
 
 
 
-3988.93
 
-3988.93
-841.45
23

 
 
 
 
 
 
-20.86
-279.44
-368.98
-635.01
-1224.88
-2529.17
40829.46
38300.29
7550.77
24

This table shows the cash-flow situation under the previously described typical conditions for national forest lands in Yoro under a 24 year rotation. For discounting purposes all expenditures and revenue are assumed to occur at the beginning of the period in which they occur.

Changes in many of the SEV model parameters can lead to change in the optimal rotation age. Consider the following changes, ceteris paribus: as site quality increases the rotation age will tend to shorten; an increase in the guiding rate of interest will tend to shorten the rotation age, and, a general decrease (increase) in input (output) prices will tend to shorten the rotation age. Other forest products, both market and non-market, may also be a significant consideration in some cases either lengthening or shortening the rotation (Davis and Johnson 1987).

FRM


The forest regulation model was developed in order to bring the consideration of existing forest conditions and management policy into the decision process. Over time the existing forest stands are to be brought into a regulated state. Ancillary conditions may be imposed upon this conversion process and it provides the means by which to examine the impact of changing inputs to the forest management process.


The model used here generally follows that employed by COHDEFOR in its forest management plan for Yoro. The model is sufficiently flexible to explore many "what if" issues of forest management activity. The table on the next page illustrates the cash-flow associated with the following assumptions.

1. AVERAGE SITE CLASS =




3

2. SEEDTREE VOLUME PER HA



10.00

3. AGE AT SEEDTREE REMOVAL =



5

4. AGE AT FIRST THINNING =




15

5. AGE AT SECOND THINNING =



20

6. AGE AT THIRD THINNING =



30

7. CONVERSION PERIOD (ROTATION) =


35

8. INPUT COST MODIFICATION FACTOR =


1.00

9. REVENUE MODIFICATION FACTOR =


1.00

10. DISCOUNT RATE =





7.00%

11. YEARS TO BEGINNING OF CONVERSION PERIOD =
4

In this case it is also assumed that PAAR's contribution to forest management activity in Yoro will continue according to the projected budget through 2002. Due to this level of participation it is anticipated that COHDEFOR will, starting in 2004, be able to proceed with the original forest regulation plan for Yoro at the level of management originally envisioned. Starting in 2002 COHDEFOR's expenditures and revenues are ramped up in uniform annual steps to the target levels implied by the forest management plan. 

The essential economic data generated by the program show that the present value of the revenue stream is 472,529,281 Lps. The present value of the cost stream is 183,133,162 Lps. of which 24,619,713 Lps. is assignable to PAAR and 158,513,450 Lps. to COHDEFOR. The net present worth of the timber and land is 289,396,119 Lps.
The harvest plan corresponding to this management activity is shown in the three tables on the subsequent page. All four restrictions on strict area control included in the original plan are enforced; viz., non‑declining yield in the final cut, rapid conversion of the mature stands across the length of the conversion period, accelerated conversion of the oldest stands, and conversion of the mixed pine-broadleaf stands over a period of twenty years.

COHDEFOR
PAAR
SUBTOTAL
TOTAL
TOTAL
ANALYTICAL

COSTS
REVENUES
TENANCY
PLANNING
INVENTORY
CONSULTATION
MANAGEMENT
RESEARCH
INST DEVEL
COST
COST
REVENUE
TIME

-1,360,655
7,356,855
-6,875
0
0
-10,589
0
0
-1,732,786
-1,750,250
-3,110,905
7,356,855
-2

-985,158
7,922,312
-9,063
-151,006
-520,104
-239,331
-872,490
-52,965
-4,412,034
-6,256,992
-7,242,150
7,922,312
-1

-1,000,000
8,000,000
-1,553,997
-2,115,700
-468,545
-121,500
-401,250
-15,000
-1,533,674
-6,209,665
-7,209,665
8,000,000
0

-1,000,000
8,000,000
-1,956,625
-180,500
-548,904
-395,750
-1,478,700
-137,000
-2,958,348
-7,655,828
-8,655,828
8,000,000
1

-5,081,500
16,209,999
-48,750
-40,000
-360,000
-201,501
-1,033,200
-19,500
-1,223,672
-2,926,623
-8,008,122
16,209,999
2

-9,162,999
24,419,998








-9,162,999
24,419,998
3

-13,244,499
32,629,996








-13,244,499
32,629,996
4

-13,244,499
32,629,996








-13,244,499
32,629,996
5

-13,244,499
32,629,996








-13,244,499
32,629,996
6

-13,244,499
32,629,996








-13,244,499
32,629,996
7

-13,244,499
32,629,996








-13,244,499
32,629,996
8

-8,812,830
27,030,376








-8,812,830
27,030,376
9

-8,812,830
27,030,376








-8,812,830
27,030,376
10

-8,812,830
27,030,376








-8,812,830
27,030,376
11

-8,812,830
27,030,376








-8,812,830
27,030,376
12

-8,812,830
27,030,376








-8,812,830
27,030,376
13

-12,291,975
29,692,679








-12,291,975
29,692,679
14

-12,291,975
29,692,679








-12,291,975
29,692,679
15

-12,291,975
29,692,679








-12,291,975
29,692,679
16

-12,291,975
29,692,679








-12,291,975
29,692,679
17

-12,291,975
29,692,679








-12,291,975
29,692,679
18

-11,545,932
28,235,142








-11,545,932
28,235,142
19

-11,545,932
28,235,142








-11,545,932
28,235,142
20

-11,545,932
28,235,142








-11,545,932
28,235,142
21

-11,545,932
28,235,142








-11,545,932
28,235,142
22

-11,545,932
28,235,142








-11,545,932
28,235,142
23

-11,867,096
41,845,148








-11,867,096
41,845,148
24

-11,867,096
41,845,148








-11,867,096
41,845,148
25

-11,867,096
41,845,148








-11,867,096
41,845,148
26

-11,867,096
41,845,148








-11,867,096
41,845,148
27

-11,867,096
41,845,148








-11,867,096
41,845,148
28

-13,780,682
44,367,244








-13,780,682
44,367,244
29

-13,780,682
44,367,244








-13,780,682
44,367,244
30

-13,780,682
44,367,244








-13,780,682
44,367,244
31

-13,780,682
44,367,244








-13,780,682
44,367,244
32

-13,780,682
44,367,244








-13,780,682
44,367,244
33

-12,727,909
42,979,695








-12,727,909
42,979,695
34

-12,727,909
42,979,695








-12,727,909
42,979,695
35

-12,727,909
42,979,695








-12,727,909
42,979,695
36

-12,727,909
42,979,695








-12,727,909
42,979,695
37

-12,727,909
42,979,695








-12,727,909
42,979,695
38

-15,536,403
60,075,867








-15,536,403
60,075,867
39

-15,536,403
60,075,867








-15,536,403
60,075,867
40

-15,536,403
60,075,867








-15,536,403
60,075,867
41

-15,536,403
60,075,867








-15,536,403
60,075,867
42

-15,536,403
60,075,867








-15,536,403
60,075,867
43

-16,388,659
60,496,342








-16,388,659
60,496,342
44

AGGREGATED STANDS


HARVEST PERIOD


AGE
CURRENT
1
2
3
4
5
6
7
8
9

AGE CLASS
INTERVAL
AREA
0-5
6-10
11-15
16-20
21-25
26-30
31-35
36-40
41-45

1
0-5
6065
4366
4366
4366
4366
4366
4366
4366
4366
4366

2
6-10
0
6065
4366
4366
4366
4366
4366
4366
4366
4366

3
11-15
0
0
6065
4366
4366
4366
4366
4366
4366
4366

4
16-20
3844
0
0
6065
4366
4366
4366
4366
4366
4366

5
21-25
0
3844
0
0
6065
4366
4366
4366
4366
4366

6
26-30
6145
0
3844
0
0
6065
4366
4366
4366
4366

7
31-35
0
6145
0
3844
0
0
4366
4366
4366
4366

8
36-40
9607
0
6145
0
3844
0
0
0
0
0

9
41-45
0
7205
0
5152
0
2666
0
0
0
0

10
46-50
4898
0
4804
0
3188
0
0
0
0
0

11
51-55
0
2934
0
2402
0
0
0
0
0
0

12
56-60
0
0
970
0
0
0
0
0
0
0

13
61-65
0
0
0
0
0
0
0
0
0
0

14
66-70
0
0
0
0
0
0
0
0
0
0

15
71-75
0
0
0
0
0
0
0
0
0
0

16
76-80
0
0
0
0
0
0
0
0
0
0

17
81-85
0
0
0
0
0
0
0
0
0
0

18
86-90
0
0
0
0
0
0
0
0
0
0

HARVEST VOLUMES BY PERIOD

HARVEST PERIOD



1
2
3
4
5
6
7
8
9



0-5
6-10
11-15
16-20
21-25
26-30
31-35
36-40
41-45


SEEDTREE
60,650
43,656
43,656
43,656
43,656
43,656
43,656
43,656
43,656


THINNING 1
0
0
84,910
27,494
27,494
27,494
27,494
61,118
61,118


THINNING 2
82,069
0
0
129,488
41,928
41,928
41,928
41,928
93,205


THINNING 3
188,836
0
118,126
0
0
134,154
60,348
60,348
60,348


FINAL CUT
290,053
290,053
290,053
290,053
466,942
466,942
466,942
675,847
675,847


TOTAL CUT
621,608
333,708
536,744
490,690
580,018
714,172
640,367
882,896
934,174

HARVEST AREAS BY PERIOD

HARVEST PERIOD



1
2
3
4
5
6
7
8
9



0-5
6-10
11-15
16-20
21-25
26-30
31-35
36-40
41-45


SEEDTREE
6,065
4,366
4,366
4,366
4,366
4,366
4,366
4,366
4,366


THINNING 1
0
0
6,065
1,964
1,964
1,964
1,964
4,366
4,366


THINNING 2
3,844
0
0
6,065
1,964
1,964
1,964
1,964
4,366


THINNING 3
6,145
0
3,844
0
0
4,366
1,964
1,964
1,964


FINAL CUT
4,366
4,366
4,366
4,366
4,366
4,366
4,366
4,366
4,366

APPENDIX VI

In-Country Contacts

PAAR

Ricardo Arias

Miguel Ramirez

Santiago Ruiz

COHDEFOR

Tegucigalpa

Marco Arias

Alcides Castillo

Ramon Romero

Jaime Villatoro

Cristobal Vasquez

Menelio Bardales

Victor Archaga

Miguel Salazar

Hugo Duron

Milton Hernandez

Oswaldo Merlo

Jorge Palma

Jorge Chi-Ham (Siguatepeque)

Yoro

Pedro Romero

Pedro Benitez

Suzy San Martin

Omar Romero

Oscar Bustillo

Oscar Fuentes

USFS

Gordon Keller

James Sherar

ESNACIFOR

Cornelius Groothousen

PDF

Atilio Ortiz

CAFREYOL

Arnulfo Benegas
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