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PREFACE

This Report presents the findings of the Re-evaluation Study of the Sagarnath
Forestry Development Project in Nepal.

A project performance audit report is prepared within a few years alter a project
is completed, and the information available is often inadequate to establish firm conclusions
about project sustainability and long-term socioeconomic and institutional development impacts.
To provide a better insight, the Post-Evaluation Office re-evaluates selected projects about five
years after the initial performance audit.

The Re-evaluation Study is based on examination of relevant reports and available
data from various sources including the Bank files, Appraisal Report, Project Completion Report
and Project Performance Audit Report. Under Bank TA No. 1846, the Post-Evaluation Office
also engaged the services of local consultants in Nepal dunng March-April 1993 to carry out a
tracer study and a household economic survey to assess the Project impact and benefits. The
findings of the Re-evaluation Mission that visited Nepal in June/July 1993 also form a basis for
the Study. The Mission visited the Project site and held discussions with the ofticials of Forestry
Products Development Board and concerned Government and other agencies.
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SAGARNATH FORESTRY DEVELOPMENT PROJECT
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Total Project Cost
Foreign Currency Cost
Bank Loan Amount/Utilization
Bank Loan Amount/Cancellation
Amount of Co-financing
Supplementary Co-financing /
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Fact-Finding
Appraisal
Loan Negotiations
Board Approval
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At Reformulation

	

13.212
	

9.587

	

7.950
	

6.150

	

4.900
	

3.100

Appraisal	 Reformulation	 PCR

	

41.0	 40.0	 21.7

	

18.0	 16.0	 11.0

Actual

6,233
3.617
1.937
1.161
1.692
0.460

BORROWER: His Majesty's Government of Nepal

EXECUTING AGENCY: Forest Products Development Board

MISSION DATA:.

Type of Mission	 No. of Missions

Fact-Finding/Pre-Appraisal
	

1
Appraisal/Loan Negotiations 	 1
Reformultion	 1
Program Administration	 18
Project Completion	 1
Post-Evaluation	 1
Re-evaluation	 2

Person-days

17
27
45

222
28
26
30

/	 From the Australian International Development Assistance Bureau.
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I. HIGHLIGHTS

1. During 1979-1985, the Sagarriath Forestry Development Project helped establish
a 4,150 hectare (ha) plantation in Nepal to reforest heavily degraded forest land. It included for
the first time large-scale introduction of exotic tree species such as Eucalyptus camaldulensis.
The Forest Products Development Board (FPDB) was the Executing Agency. At post-evaluation
in 1987, the Project was considered to have met its objectives of augmenting the domestic
supply of fuelwood, generating employment and income opportunities, training forestry staff,
and serving as a model for future plantations. With an economic internal rate of retuin (EIRR)
of 15.4 per cent, the Project was also considered economically viable. Concerns were, however,
raised about institutional weakness of FPDB.

2. At re-evaluation, because of weak management and operations, the yield and
benefit estimates are to some extent lower, Poor soil conditions, low availability of mechanical
equipment for land clearing, reduced intercropping, nonuse of fertilizer in nurseries and fire
damage contributed to stunted tree growth. The Project, however, continues to be economically
viable and is expected to fulfill its role in augmenting fuelwood and timber supplies. The Project
has generated a number of socioeconomic benefits such as additional foodcrops, and increased
employment and income opportunities, with greatest share of benefits going to the poor and
women. The plantations have a generally positive environmental impact but monitoring of the
long-term impact of eucalyptus on soil fertility and on the agricultural lands in the vicinity is
called for.

3. Because the Project was successful, further plantations were established in
Sagarnath and Nepalganj in the Western Terai under the Bank-financed Third Forestry
Development Project' and woodlots were established on private farmlands. Community
association with and participation in activities such as protection of young plants, controlled and
rotational grazing, and intercropping has evolved and need to be promoted and supported by
further initiatives and incentives.

4. Weak institutional framework and management is a serious concern and could
jeopardize Project sustainability, as it has contributed to suboptimal yields and financial and
economic benefits. Upgrading FPDB to a fully autonomous organization with total accountability
is critical to ensure that its operations are sustainable and commercially profitable. At a
microlevel, development of management plans and manuals, institutional strengthening in
management information, commercial accounting systems, marketing, equipment maintenance
and procurement and inventory control deserve priority attention, To this end, as an immediate
first step the Bank should consider providing a small-scale technical assistance to build on the
past inputs and enhance substantially the impact, productivity and sustainability of the Project.
Techniques such as improved seeds, tissue culture and other superior nursery practices, use
of chemical fertilizer and irrigation are needed to increase the yields of forest plantations.

5. Policy planners in Nepal are doubtful whether cost-intensive plantations are their
best option for reforestation and whether natural regeneration could accomplish the task at
much lower costs. The Re-evaluation Study concludes that regeneration is preferable where
degradation is not heavy and regeneration capacity has not been permanently impaired;
however, nonforested areas or heavily degraded forest lands require replanting with appropriate
species. A cost-effective acceleration of reforestation and maximization of returns could also

V	 Loan No. 749-NEP(SF), for $10 million, approved on 31 October 1985.
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be achieved if protection programs for the less degraded forests were complemented by
plantation investments in the smaller but heavily degraded peripheral areas, which could act as
effective buffer zones with intensive management between settlements and natural forests.

6. Other important lessons are that community participation in plantation operations
such as protection, intercropping and rotational grazing benefits the plantation and the
communities; that research and field trials are essential to match soils with species and should
precede all plantation programs: and that future plantation expansion or establishment should
be preceded by careful environmental evaluation.

II. BACKGROUND

A.	 Prolect Rationale and Objectives

7. The Project was approved by the Bank in December 1977 with the primary
objective of establishing a tree plantation comprising 10,000 ha of fast-growing trees to replace
depleted and degraded natural forest. The plantation was intended to augment the domestic
supply of fuelwood and timber and to provide employment for landless and unskilled laborers
in Nepal's central Terai.!' The Project was also expected to provide training in forestry
operations to staff of the Department of Forests (DOF). In addition, the Project was intended
to serve as a model for providing a prototype for the revival of similarly degraded forests in
Nepal's eastern and western Teral.

B.	 Prolect Implementation and Evaluation

8. Implementation of the Project was completed in 1986 after a major reformulation
in 1982, when the plantation area was scaled down to 4,150 ha. Total Project cost was $6.23
million with a foreign currency component of $3.62 million. Of these costs, the Bank loan
financed $1 .94 million and the Organization of Petroleum Exporting Countries Fund provided
$1.69 million.

9. The Executing Agency was FPDB. The Project was post-evaluated in 1987.
The Project generated considerable employment and income opportunities for rural laborers and
women and at audit was considered to be financially and economically viable. The Project
Performance Audit Report (PPAR) concluded that the reformulated Project had successfully
achieved its objectives and was likely to remain a worthy model for emulation and replication.
The PPAR also noted that the long-term sustainability of the Project depended on FPDB
adopting an improved institutional framework with adequate flexibility and upon the adoption
of systematic fire protection measures. The successful execution of the Project induced the
establishment under the Third Forestry Development Project (TFDP)' of a second phase of
plantations, i.e., Phase 2 at Sagarnath and new areas in Nepalganj in the western Terai.

C.	 Obiectives of Re-evaluation

10.	 At post-evaluation in 1987, the estimation of the benefits from plantation growth
was based on early estimates of the mean annual increment (MAI) of the trees. The

The terai is an ecological zone in southern Nepal and northern India, an extension of the
Indo-gngetic plain.
PE-226: Sagarnath Forestry Development Project (Loan No. 334-NEP[SF]).
See para. 3.



3

socioeconomic and environmental impacts of the Project were still evolving. Re-evaluation of
the Project was timed to coincide with harvesting of the first lots of Eucalyptus camaldulensis
trees. At this time, a more definitive assessment could be made of the Project's (i) long-term
benefits and sustainability; (ii) long-term socioeconomic, environmental and institutional
development impacts; and (iii) contnbution as a model and prototype for revival of other similar
degraded forests. The implementation during 1986-1 992 of TFDP, covering the second phase
of plantations in Sagarnath and Nepalganj, provided an additional source of data for a more
realistic and comparative assessment of Project performance.

11. The Re-evaluation Study is based on a review of the Appraisal Report, the Project
Completion Report (PCR), PPAR, material in Bank files and discussions with Bank staff
members. During a Contact Mission in February 1993 and a Re-evaluation Mission in June-July
1993 to Nepal, visits were made to plantation sites and discussions were held with the officials
of the Ministry of Forests and Soil Conservation (MFSC), FPDB, World Bank, Finnish
International Development Agency (FINNIDA) and United States Agency for International
Development. For determining the employment and other socioeconomic impacts of the
Project, domestic consultants were engaged in March-April 1993 to carry out a tracer study!'
The ongoing forest inventory in the Project area by the Government's Forest Survey Division in
collaboration with FINN IDA and FINN IDA's draft report for a Management and Utilization Plan
for Sagarnath Plantation also provided useful inputs for the re-evaluation.

12. Copies of the draft Re-evaluation Study were provided to the Borrower, the
Executing Agency and Bank staff concerned and comments received were taken into
consideration in finalizing the Report.

Ill. FORESTRY SECTOR

A.	 Overview

13. Five and a half million hectares of natural forests in Terai, hills and mountains
comprise 37 per cent of Nepal's land area. Eleven per cent of the natural forests are in the
Terai. Of the total land area, degraded forests cover about 5 per cent and tree farms cover
another 4 per cent.

14. An increasing number of people who are living in extreme poverty have
encroached on and cultivated marginal land, causing rapid depletion of grasslands and forests.
In the Terai 18 per cent of forest and pasture lands have been degraded to shrublands through
severe over-utilization. If the present trends continue, Nepal may lose 600,000 ha of natural
forests in the next two decades.

15. Forests are degraded when they are cut for agriculture, burned, or wood is
removed at an unsustainable rate. Considerable deforestation occurs when landless people
from the middle mountains migrate to and farm in the Terai, which they do not know how to
cultivate on a sustainable basis. Migrants often have no legal title to the land farmed, and thus
try to reap short-term gains. In general, environmental and forest awareness is low. The
institutional structure in Nepal has long been inadequate to provide a framework for sustainable
management of the forest estate.

1"	 TA No. 1 846-NEP: Re-evaluation Study for the Sagarnath Forestry Development Project,
for $40,000, approved on 26 January 1993.
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16. Until recently, the Forestry Act of 1961 and the Forest Protection (Special
Arrangements) Act of 1967 were the legal bases for forest administration in Nepal. These laws
established a strong state authority over all forest lands and effectively dispossessed the rural
poor of their traditional rights to forest produce. After a thorough review of the forest laws and
as part of the Master Plan for the Forestry Sector, 1' a new Forestry Act was enacted in February
1993; its by-laws are still being formulated. The new Act has reduced emphasis on policing and
prohibition and instead provides greater focus on increased cooperation with local people
through, for example, community forestry initiatives.

17.	 The Bank's appraisal report for a subsequent forestry program 	 provided
a comprehensive analysis and a blueprint of action for Nepal's forestry sector. The second
tranche of the program loan was cancelledY Nevertheless, the strategies recommended in the
program, if implemented in manageable steps and with suitable institutional strengthening, are
sound.

B.	 Institutions

1.	 Ministries and Departments

18. Forests are the responsibility of MFSC, which is organized into four departments
that are responsible for (i) national parks and wildlife, (ii) forestry, (iii) soil conservation and
watershed management, and (iv) research. In addition, a number of divisions are responsible
to MFSC for planning, monitoring and evaluation, extension and communication, forest survey
and statistics, training, and administration.

19. Within DOF field management is the responsibility of the Regional Forestry
Directorate through the District Forest Officers (DFOs). The DFOs control tree felling and
movement of timber products, and issue permits for various forest activities. Currently no
distinction is made between plantations and natural forests and approval of the concerned DFO
is essential before any trees are felled or transported. Royalties are levied on all forest products
and are collected by the DFO.

2.	 Forest Products Develo pment Board

20. FPDB was established in 1976 as a semi-autonomous organization within MFSC.
FPDB's Chairman is the Secretary of MFSC and Board members include one representative
each from DOF, the Ministry of Finance and the Forest Industry Association. The Project Chief
is the Member-Secretary. The Board does not have much flexibility to act independently from
MFSC and staffing, accounting procedures, marketing, pricing of produce, etc., are largely
controlled by the Government.

21. In 1989 price determination and marketing of logs and fuelwood produced from
plantations was withdrawn from FPDB and exclusively entrusted to the Timber Corporation of
Nepal (TCN) within the Ministry of Supply. However, TCN has not been able to arrange prompt

For details, see Appendix 1.
Loan No. 1040-NEP(SF): Forestry Sector Program, for $40 million, approved on 23
October 1990.
Project Department states that the major consideration was that the counterpart funds
generated by the first tranche of the loan were adequate to finance the cost of
investment component as originally envisaged.
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disposal and often timber stacked in the open for long periods rots. In 1991 MFSC decided to
permit the Project to market its own produce if TCN disposal was not completed within 15 days
of being offered but FPDB has not been able to avail of the relaxation because it has no
marketing organization or skills. FPDB was also empowered to sell its poles directly to Nepal
Electricity Authority or the Nepal Telecommuriical Commission. The Government is now
considering a MFSC proposal to allow FPDB to sell all its produce without involving the TCN
and to fix its own sale price. No serious thought has yet been given to the future of FPDB or
the long-term management structure for Sagarnath plantations.

3.	 Community Forestry and User Groups

22. Community forestry aimed at arresting deforestation is central to the new forestry
sector policy. In the past, operational effectiveness of community forestry was constrained by
(i) poor village-level understanding of community forestry; (ii) ineffective extension operations;
and (iii) difficulty identifying non-government organizations that could meaningfully represent
villagers. A new Community Forestry Development Division has now been established within
DOF.

23. The Government has decided to hand over to the communities as much forest
land as possible (an estimated 60 per cent of all forest land has the potential of being
community-managed). Emphasis on community management of natural forests has increased
substantially. Specially created community user groups draw up written management plans for
the forests, with the approval of DFOs. Adherence to the plan is a prerequisite for continued
permission to manage. Under the new approach, about 55,000 ha of forests or about 1 per cent
of forest land, have been placed under community management.

4.	 Coordination Among Funding Agencies

24. Multilateral aid agencies such as the Bank, the World Bank, the United Nations
Development Programme, the Food and Agriculture Organization, the International Fund for
Agricultural Development, and the European Economic Community and bilateral donors such
as Australia, Canada, Finland, Japan, Switzerland, the United Kingdom and the United States
have provided assistance to the forest sector in Nepal. in the past, coordination among funding
sources was weak. The Government has recently reactivated the Forestry Sector Coordination
Committee to foster close ties and cooperation among funding agencies and MFSC for well-
balanced forestry development, but its impact is yet to be felt.

IV. PROJECT PERFORMANCE

A.	 Plantation Performance

1.	 Yields

25. The Project established ,150 ha of plantations comprised of 60 per cent
eucalyptus, 30 per cent sissoo and about 10 per cent teak. A recent FINN IDA inventory of the
overall Sagarnath plantation indicates that the net planted area under the Project and TFDP is
about 14 per cent less than the gross area, largely because of plantation failures and losses
from fire.
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(a)	 Residual Harvest

26. During clearance of 5,306 ha of natural forest in the Project area, 47,283 cu m
of sawlogs, 250,545 cu m of fuelwood and 4,186 cu m of poles were harvested. The average
harvest of 56.9 cu m per ha, even though higher than the 33.0 cu m per ha assessed at
appraisal, represented only about 15 per cent of fully mature forest stockV and confirmed that
significant degradation had taken place.

(b)	 Plantations

27. Eucalyptus camaldulensis is a fast-growing quick rotation tree. An initial harvest
after nine years and subsequent harvests every eight years were planned. The first harvests
were due in 1989 but actually commenced in 1991. Sissoo and teak have longer rotation
periods of 25 and 40 years respectively.

28. Table 1 shows estimated yields or MAI at appraisal, PCR, PPAR and Re-evaluation
stages.

Table 1: EstImates of Yields (cu rn/ha per year)
(mean annual increment)

Genus
	

Appraisal
	

PCR
	

PPAR
	

Re-evaluation

Tree

Eucalyptus
	

7.0
	

18.8 to 30.1
	

20.0
	

8.7

Sissoo
	

8.0
	

7.2 to 12.0
	

7.6
	

5.1

Teak
	

8.0
	

n.c.	 n.c.	 5.1

nc. - not calculated,

29. Low and variable plantation growth rates and a lower estimated MAI at re-
evaluation (vis-a-vis PPAR estimates) are due to poor site conditions, lack of timely availability
of mechanical equipment for land clearing and preparation, inadequate intercropping and/or
weeding, damage by fire, weak management in general and lack of fertilizer application in the
seedling nursery. In addition, PPAR estimations particularly for eucalyptus were done when
none of the trees were large enough for harvesting, and were based on small sample surveys
without the benefit of a comprehensive inventory or an assessment of the impact of fires on
plantation yield.

30. Based on the results of the tracer study and the Re-evaluation Mission's
inspection, the MAI is estimated at 8.7 cu m per ha for eucalyptus and 5.1 cu m per ha for
sissoo and teak, compared with PPAR estimates of 20.0 cu m and 7.6 cu m per ha for
eucalyptus and sissoo respectively and appraisal estimate of 8.0 cu m per ha for teak. The
lower-than-expected yields emphasize both the current inefficiencies and the importance of
effective plantation management. Techniques such as improved seeds, tissue culture and other
superior nursery practices, use of chemical fertilizers and irrigation need to be considered for
increasing the yields to meet the growing demand for fuelwood.

V	 A fully mature (100-year old crop) Sal forest in Nepal is estimated to have a total
standing volume of stem and small timber of 370 cu m per ha.
For details, see Appendix 2.
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31. Based on the assumed rotation cycles for eucalyptus, sissoo and teak, the most
recent estimates of plantation yields, and the production of timber and poles, an annualized
production of 20,000 cu m of fuelwood is forecast for the Project.

(c)	 Nursery

32. The nursery at Sagarnath has met demands annually for about 2.2 million
seedlings and stumps, mainly of eucalyptus and sissoo. Until 1991 about 1 .4 million seedlings,
mostly eucalyptus, were sold to private individuals and organizations, indicating a gradual
appreciation of the quick yielding properties and commercial potential of eucalyptus trees.
Many farmers travel long distances to purchase seedlings from the Project although private
nurseries in their area offer seedlings of the same species. While the price of seedlings is a
factor, the popularity of the Project nursery's seedlings primarily reflects the quality of its
product. In many Asian countries, farmers seeking to plant trees have quickly become very
conscious of the importance of seed. and seedling quality.

33. The nursery operations could be improved considerably. They require greater
technical supervision. Addition of 3 kg general purpose fertilizer per ton of potting soil was
anticipated at appraisal, but this was not done and is one of the factors contributing to lower
plantation yields because fertilized seedlings are stronger than unfertilized ones. Introduction
of nursery practices and training inputs identified in the comprehensive training manual prepared
by the plantation management consultant is urgently needed.

(d)	 lntercroppinci

34. Weeds that would otherwise compete with planted trees for soil nutrients are
removed during land clearance for intercropping. After trials in 1982, the Project management
introduced intercropping' by farmers from nearby villages and, during implementation, 1,223
ha, or about 30 per cent of the total area, was intercropped. However, intercropping is
profitable for only up to a maximum of three years, after which the tree canopy closes and sun
can no longer reach crops below. With intercropping, the farmers benefitted through
supplementary income from crops grown and the Project by elimination of the need for
expensive weed control and reduction of fire risk.

35. lntercropping was not attractive to farmers due to uncontrollable grazing or where
the soil was poor, in areas that were not within walking distance from villages or in areas that
lacked drinking water. To encourage intercropping, FFDB should consider incentives such as
mechanical site preparation, free seed/seedling distribution and free transportation to distant
plantation blocks. The possibility of contractual intercropping by farmer entrepreneurs with
equipment, finance and transport should also be explored. FPDB should also promote
introduction of high value medicinal herbs and other agricultural crops that can grow under
shade and with little water.

Containing nitrogen, phosphorous and potassium (also known by the chemical notation
of NPK).
The main crops were maize, millet and upland rice in summer followed later in winter by
mustard, peanuts, sesame and lentils. Tobacco was also popular as a winter cash crop.



4,993
5,163
35.3

Eucalyptus, Sissoo,
teak

1,737
1,640
21.0

Sissoo, Acacia aurculrformis,
Acacia catechu, and others

insignificant
area planted

4.0
8.0
nil
923

8.7

5.1

30%
667
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2.	 Fire Hazards and Protection

36. During the summer, tall stands of dry Banmara grass are frequent sources of
forest fires in the Nepalese Terai.-' Lightning occasionally causes the fires. The Project
provided funds and training for fire prevention activities that were satisfactorily implemented.
Controlled burning of grass has been practiced. Losses from fire has usually been minor,
although a major fire in 1992, burned 600 ha and demonstrated the importance of fire
prevention and control activities and the need to reinforce them.

37. Fire control equipment introduced under the Project is now approaching the end
of its useful life. The pumps and radio sets need to be repaired and replaced. Water for
firefighting is scarce during summer and lack of strategically located water reservoirs handicaps
firefighting. Fire control towers are now too short because the trees have grown taller than the
towers, and during FY1993/94, FPDB plans to replace wooden fire towers by taller steel towers.
A comprehensive review of the capacities and needs for firefighting and repair and replacement
of equipment is a priority requirement. The importance of regular fire control training and drills
should also be stressed.

3.	 Results of Project Replication Under the
Third Forestry Development Project

38. The Project was followed by TFDP, which financed 5,000 ha of plantations at
Sagarnath and a similar area in Nepalganj. Sagarnath Phase 2 more or less achieved its target
but only 35 per cent of the area in Nepalganj was planted. A comparison of actual
achievements and results of the Project and TFDP is shown in Table 2.

Table 2: Operational Performance of the Project and TFDP

Item	 The Project
	

TFDP
Sagarnath
	

Sagarnath
	

Nepalganj
Phase 1
	

Phase 2

Area planted (ha) 	 4,150
Land clearance (ha)	 5,306
Residual harvest (Cu m per ha)	 56.8
Species Planted	 Eucalyptus, Sissoo,

teak
MAl estimate (cu m per ha)

Eucalyptus	 8.7

Sissoo/Teak	 5.1
Auricuhformis

Intercropping	 30%
Cost (S/ha)	 1,375
Cost (S/ha)	 1,021 at

a!	 Average for the two phases of Sagarnath.

Source: Tracer Study and Re-evaluation Mission estimates.

1 In its comments on the draft report, the Executing Agency expressed the view that to
control fires, a detailed study is essential to examine the ways of eradicating Banmara
grass, and also study its possible uses.
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39. The Project had a high unit plantation cost of $1 .375 per haV because of the
burden of constructing common infrastructure such as main roads, office and community
buildings and residential quarters, firefighting facilities and of acquiring heavy equipment and
vehicles. For the two Sagarnath phases, the cost averaged $1021 per hectare. At Nepalganj,
the unit plantation cost at $925 per ha was somewhat lower primarily because less heavy
mechanical equipment was used for land clearance.

40. The forest areas cleared in Phase 2 were more degraded condition than had been
those in Phase 1. However, plantations in Phase 2 generally followed the pattern of Phase 1
and as the soil conditions and plantation practices are similar, yields in the two phases are
expected to be comparable.

41. In Nepalganj, severe problems encountered at the beginning have only recently
been resolved to some extent. The soil is poor to very poor, rocky, and of extremely low
productivity. The area was more heavily degraded than was Sagarnath (see Table 2). Problems
also result from inadequate matching of sites with appropriate tree species. In a large portion
of the plantation area, the low hills were not favorable to mechanical land preparation, and
equipment procurement and use was limited. Because there were little efforts and incentives
to attract farmers at Nepalganj, no intercropping was done and this contributed to the slower
growth of trees in Nepalganj. Generally indifferent and ineffective management and inadequate
inputs by the plantation management consultant also resulted in less than satisfactory
performance. Improved management practices that have been introduced at Nepalganj since
1992, and the more intimate involvement of communities through Plantation Protection
Committees, has improved survival and growth rates.

4.	 Research

42. At Project appraisal, there was little firm evidence on which to base selection but
considerable emphasis was placed on species trials during Project implementation. Information
on trials conducted on a number of species in about 200 ha is documented in the manuals
prepared by the plantation management consultant. Soil classification and species testing have
also been carried out by DOF's Forestry Research Section, which was established under the
United Kingdom's Overseas Development Assistance during 1979-1980, These efforts were
extremely useful but lacked linkages with field operations and dissemination of results was
inadequate.

43. The Nepalganj plantations under TFDP were not preceded by trials matching soils
with species, and the MAIs are expected to be lower than Sagarnath. To be successful, any
plantation program should be preceded by soil classification and species matching trials. To
make the best use of available resources, it is essential that FPDB and the Forestry Research
Section draw up a joint program of research and field trials for soil-species matching for the
different land and climatic conditions encountered in the Terai and that the research is
completed well ahead of DOF and FPDB plantation programs. Similarly, research on natural
regeneration, tissue culture and clones, provenances of exotic species, nutrient supplement,
fertilizer application, pests and diseases, and environmental impact are extremely important to
optimize tree growth and production and avoid environmental damage. Research on
agroforestry operations and identification of crops best suited for plantations is also important.

!"	 Based on Bank experience in Malaysia and the Philippines, indicative levels of average
plantation costs are $800-$t 000 per ha.
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B.	 Institutional Performance

44. Significant consultant inputs under the Project and TFDP for plantation
management were beneficial. Training provided to field supervisors and staff (120 under the
Project and 89 under TFDP) in silvicultural and operational practices also helped upgrade the
capabilities of Project staff. Similarly, training in fire prevention and control was very useful.
Lack of autonomy and continuing restraint on FPDB in financial and staff matters, however,
constrained its general institutional development. Withdrawal of FPDB's authority to market its
plantation products hindered its initiative and accountability. Frequent transfers of senior staff
on secondment from MFSC militated against institutional commitment and continuity.

1.	 Management and AccountIng

45. FPDB management and the project managers at Sagarnath and Nepalganj have
operated without any formal management and operational plans or goals and objectives.
Operational manuals prepared by the plantation management consultant were not used by
senior staff or distributed to supervisors and staff. The recent FINNIDA Forest Management and
Utilization Plan for Sagarnath Plantation also provides useful information and analysis for the
selection of appropriate management and operational plans. It is essential that, based on the
wealth of data already available, FPDB develops management plans and with clear goals and
objectives for the short, medium and long terms. Simultaneously, it also needs to translate
manuals into Nepali to disseminate useful operational information to field staff,

46. The quality of staff is crucial for the success or failure of any organization. In
recent years, FPDB has recruited its own staff but the staffing policy has failed to address the
question of motivation, career development and advancement of staff. Not only are the pay
scales low but a number of officers and other staff have occupied same positions for years
without prospects of advancement. This is detrimental to their morale. It is important that FPDB
draw up a perspective plan for its manpower requirement and recruitment, incorporating
adequate provisions for career development and advancement of staff already on board. As
an immediate and first step towards reviving staff morale and building commitment, FPDB
should consider promoting to vacant higher grade positions staff with satisfactory performance
records and who are stagnating in their current positions. In such a scheme, the number of
employees does not have to increase because the vacancy would be transferred to a lower
grade.

.47. So far, FPDB has used the Government budgetary accounting system in which
cash transactions only are recorded and capital assets are not depreciated. The system does
not allow presentation of balance sheets and income statements. It also does not permit control
or monitoring of productivity and profitability by cost centers or the introduction of an efficient
management information system. The existing accounting system is unsuited for the
commercial nature of FPDB's activities. The need for tighter cost control and improved
plantation management and an improved (commercial) accounting system was recognized but
the provision in TFDP of six person-months of consultant services for this purpose was not
utilized because of delayed clearance of the people selected.

48. Later, FPDB engaged a local consultant to design commercial accounting system,
prepare manuals and establish the system. The design and manuals were completed but the
system could not be introduced as FPDB's accountants, who were seconded from the
Government's accounting office, were reluctant to adopt a system with which they were not
familiar. If FPDB has to function as an efficient and commercially oriented institution, greater
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institutional commitment and acceptability is absolutely essential. As an immediate first step,
it must take advantage of the past inputs and introduce without delay a computerized
commercial accounting and management information system and launch a program to train ts
accounts officers and accountants, including those on secondment. A cost-effective method
of achieving quick results may be to hire the firm of local consultants who had designed the
system earlier.

2.	 Marketing

49. FPDBs output comprises sawlogs, poles and fuelwood. Most of its production
of sawlogs and luelwood has to be offered to TCN for disposal. TON's marketing capabilities
have been weak and inefficient and disposal has been tardy. Recent Government decisions
have reverted some control of marketing operations for plantation materials to FPDB, but it has
yet to sell fuelwood stacks prepared many months ago. It is important that, when given the
authority to sell all its produce, FPDB develops its own marketing information, expertise and
skills.

50. Eucalyptus poles for electric and telephone transmission lines require pressure
treatment before use. However, the TON treatment plant at Hetauda cannot handle long poles
and its capacity of about 800 Cu m per year can satisfy only about 50 per cent of the current
demand in Nepal. Exports to India are banned. As a consequence, some of the Project
eucalyptus poles will have to be sold cheaply as fuelwood, while some of Nepal's poles will
have to be imported. A new pole treatment plant is therefore needed, but FPDB has little
experience in agro-industrial operations. Local entrepreneurs were reported to be willing to
invest in a treatment plant expected to cost about $50,000 and also undertake marketing of
poles, if FPDB guaranteed the long-term availability of Eucalyptus poles. Encouragement of the
private sector to develop downstream value addition activities, such as the pole treatment plant,
will lead to more efficient operations, obviate the need for additional public sector investment
and allow FPDB to concentrate on plantation management.

51. An FPDB sawmill at Sagarnath has been leased for operation to TON. Because
of FPDB's inexperience with industrial units and its need to ccncentrate on basic plantation
management, it may be desirable to sell or lease the sawmill to a private operator. Similarly,
a distillation plant to extract citronella oil from eucalyptus leaves, for use in perfume and
cosmetic industries, being established at Sagarnath under Overseas Development Assistance,
could also be considered for leased operation.

3.	 Equipment Maintenance

52. Large quantities of heavy equipment and their spare parts were procured for the
Project. A mechanical engineer was not hired until 1992 to maintain the equipment and a
number of supporting staff positions were still vacant when Re-evaluation Mission visited the
Project. Because procurement and storage of spares was not properly planned, the lead time
needed for importing spares was not appreciated, repair and maintenance were poor, and much
of the equipment was out of commission for long times. The immobilized equipment has been
indiscriminately cannibalized, has deteriorated and many items are now beyond repair, while
spare parts on hand could not always be used because they had not been methodically

FPDB concurs that a new treatment plant is essential to increase the supply of poles.
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identified, catalogued and stored.	 The resultant ow equipment availability and insufficient
mechanical land clearance contributed to poor growth and high mortality rates of trees.

53. Because of procurement delays during Project implementation, most of the heavy
equipment had not arrived when the international maintenance engineering consultant was
fielded, and local operation and maintenance staff had not been posted. Thus, the consultant's
training of local staff in equipment maintenance was considerably shortened. Later in 1990, a
firm of domestic consultants hired under TFOP with UNOP funding prepared a report on the
condition of the equipment and recommended inventory control and procurement procedures.
However, their contract was prematurely terminated because UNDP could not fully meet the
funding requirements. Thus, the consultants could not complete the establishment of
maintenance and repair practices. Facilities for repairing heavy equipment are also not available
nearby. It is therefore important that proper systems for inventory control, streamlined
procurement and timely repair and maintenance of equipment and vehicles are introduced,
without delay.

4.	 Need for Consulting Services

54. Priority attention is needed to develop (i) a management plan and manuals in
Nepali, (ii) a commercial accounting and management information system, (iii) a marketing
system, and (iv) a repair and maintenance system, which includes procurement and inventory
control of spares, for equipment and vehicles in FPDB. In addition to the work already done,
about four person-months of local consulting services are needed for the initial introduction of
appropriate systems and training of staff for each of the four areas. Considering the minimal
cost of additional inputs and the potential for immense benefits, the 5ank should consider
providing as an immediate first step, a small-scale technical assistance for the purpose. Greater
commitment by and initiative from FPDS for achieving these improvements is also essential.
Sustainability of the benefits of the proposed technical assistance will hinge on the overall
systemic improvements in FFDB (see para. 83).

5.	 Community Participation

55. Community participation in the intercropping and rotational grazing arrangements
has benefitted the Project and the nearby communities. Similarly, the Plantation Protection
Committees in Nepalganj, with representatives from each user village, were highly successful
in protecting young seedlings from the depredation of cattle and in preventing illegal felling of
slightly older trees. 	 In its future operations, FPDB should therefore include community
participation ri the planning of all plantation activities.

56. The adoption of comprehensive community forestry management schemes has
been slow in the Terai. Communities in the Terai are not small homogenous units. It is often
difficult to distinguish between long-term residents and recent migrants who live close to or
inside the forest areas. Communities' interests are not always the same and formulation of
universally acceptable community management plans is sometimes difficult.

FPDB is of the view that the old equipment should be replaced to increase the efficiency
of operations.
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V. IMPACT

A.	 Socioeconomic Impact

57. The principal socioeconomic benefit of the Project was poverty alleviation through
increased employment and income opportunities, additional income from intercropping of food
and cash crops, and grazing and fodder benefits.

1.	 The Socioeconomic Survey

58. A socioeconomic household survey of the Project and TFDP areas in Sagarnath
and Nepalganj, in the Sarlahi, Mahottari and Banke districts was undertaken during the tracer
study. A random selection of about 50 householders was surveyed in each of ten Village
Development Committees, six of which were in Sagarnath (288 households) and four in
Nepalganj (200 households). To compare the 'with and 'without Project situations, half the
sample villages were in or around the Project areas and the other half were farther away. Most
respondents were men; 36 per cent of the interviewees were female in Sagarnath and 6 per cent
in Nepalganj. In addition to the householders' survey, key local officials, school teachers,
political leaders and village elders were interviewed.

2.	 Poverty Alleviation

59. Of the 151 survey respondents in and around the Project area, 45.6 per cent said
they derived direct benefits from the Project. Very little benefits were received by respondents
in far off villages. Of the beneficiaries, 38 per cent were poor, 33 per cent were from the middle
income group and 29 per cent were relatively affluent.! The largest beneficiaries of
employment income were similarly the poor followed by middle income persons. The eftect of
the Project on nearby villages will continue to increase. In Sagarnath, family incomes that
increased during the Project plantation phase, have been supplemented by further work
generated by TFDP. Small village markets continue to flourish in local communities.
Socioeconomic condition? of the poorest families are better in villages adjacent to the Project
than in those further away. Thus, the Project contributed directly to poverty alleviation in the
area.

3.	 Employment Opportunities

60. Regular salaried employment was provided at the Project Management Offices
while seasonal annual employment was provided for nursery operations, planting, weeding,
harvesting and fire protection (see Table 3).

The tracer study considered people with 0-1 ha of land and only a few livestock as poor.
The average per capita income of such households nearly corresponds with the National
Planning Commission's 1992 threshold level of poverty, for an income of NRs 2,160 per
annum. Those having 1-2 ha of land and more than two livestock were categorized as
middle income group and those with 3 ha of land or occupations other than farming
were categorized as rich.
Measured in terms of income available for schooling and health services.
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Table 3: Employment Impact of Plantations
(person-days)

FPDB
Headquarters

A. Regular Establishment
Officers	 8 (4)
Supporting Level	 34 (25)

B. Seasonal Labor
Nursery @ 25 person-days/ha
Planting i 50 persons-days/ha
Weeding © 30 person-days/ha
Fire Protection @ 7.5 persons/ha/yr

Total

Saqarnath

	

Phase I	 Phase II
(4,150 ha) (4,993 ha)

	

14	 (5)
234 (142)

	

103,750	 124,825

	

207,500	 249.650

	

124,500	 149,790

	

187,011	 225,000

	

625,761	 749,265

Nepalqan
(1,737 ha)

5 (4)
83 (30)

739,000 a_I

J Breakdown not available

Note:	 Figures in parenthesis indicate positions actually fifled at the time of REM

Source: FPDB

61. Forest clearing also provided considerable employment opportunities, although
less so at Sagarnath where mechanized equipment was used. lntercropping provided
opportunities for self-employment or employment for hired labor employed by the farmers.

62. The significant employment of people in plantation-related activities at about NRs
30 per day per person, helped rural families to supplement their incomes substantially. FFDB
estimates that in the future, Project plantation maintenance, thinning and harvesting and fire
prevention operations will generate about 100,000 person-days of employment every year.

4.	 lntercropping, Grazing and Fodder

63. lntercropping in Sagarnath provided employment, income, food and cash crops
to over 1 300 landless farmers, by making cleared land available to them. FPDB has recorded
an average production of 2.16 tons per ha of maize in summer!' and 0.22 ton per ha of
mustard in winter. Based on these figures, the farmer's average net profit is assessed to be
about NRs 12,000 per ha yearly. The estimated yearly production of 2,600 tons of maize and
270 tons of mustard is valued at about NRs 21 .0 million.

64. Buffaloes, cattle and goats are the main grazing animals. To protect young trees,
grazing was not permitted during the first three years after planting, while harvesting of grass
and other fodder was allowed. Thereafter, the plantations were opened to grazing. Grazing
benefits were estimated at about NRs 500 per ha per year.

5.	 Women's Participation

65.	 Although precise gender data were not available, information gathered during the
tracer study indicated that women constituted about 80 per cent of the labor force in nursery

The yield is higher than the national average of 1.60 tons/ha in 1991/92, possibly
because of better land preparation and because farmers could select land for
intercropping.
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operations. The share was about 50 per cent in planting, weeding and grass cutting and about
42 per cent in intercropping activities. Although a few women were nursery supervisors, most
had no perceptible role in supervisory activities, and almost all members of the Plantation
Protection Committees were men.

B.	 Economic Impact

66. FINNIDA's recent inventory of Sagarnath plantations and the first eucalyptus
harvests provided a firmer basis for an ex-post economic and financial evaluation of the Project
than was available for the PPAR. The results are given in Table 4 (for details, see Appendix 3).

67. The Project remains financially and economically viable but the rates of return are
lower than the earlier estimates. Lower plantation yields and a revised methodology to assume
a higher opportunity cost for residual harvest contributed to the reduced rates of return. On the
other hand, intercropping and grazing benefits were higher than at appraisal and post-
evaluation. More efficient management practices could easily enhance the future plantation
yields. A sensitivity analysis indicated that an increase of about 20 per cent in yield from the
year 1996 could increase the EIRR to 14.7 per cent.

Table 4: FIRR and EIRR Estimates

Appraisal	 PCR	 PPAR	 Re-evaluation

FIRR	 18.0	 10.9	 13.0	 11.9

EIRR	 41.0	 21.7	 15.4	 12.7

68. At appraisal, the timber and fuelwood harvested during initial land clearance was
taken as a Project benefit, but the annual opportunity cost was assumed to be only about 3 per
cent of the value of standing wood stock or the equivalent of NRs 80 per ha. The PPAR used
NRs 3,000 per ha as the opportunity cost. The lower opportunity cost is questionable because
the entire resource is available in the "without" Project scenario as well. The Project's only
contribution was mechanical harvesting, which is more efficient than traditional methods used
in the "without" scenario. Re-evaluation assumed the Project benefit of harvesting efficiency at
about 30 per cent of the resource value. Thus, the opportunity cost is assumed to be 70 per
cent of the value of standing wood stock. The shortcoming of the appraisal methodology is that
it assumed the Project was a plain mining operation, viable with just the residual harvest benefits
(at land clearance stage), irrespective of the performance of the plantations.

C.	 Environmental Impact

69. The creation of a forest on a large, highly degraded area has reversed the land
degradation and forestalled its eventual desertification. The large plantations are expected to
enhance local microclimatic conditions for producing food and cash crops. The forests have
allowed the revival of animal, bird and insect populations destroyed or driven away during
degradation, thereby improving biodiversity. The initial land clearing helped meet the local
demand for fuelwood and timber, and the future harvests will fill the fuelwood demand on a
more sustainable basis. This will reduce the pressure on the adjoining natural Sal forests,
thereby promoting natural regeneration.
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70. While natural forest cover on the slopes of river and stream channels was left
undisturbed to prevent soil erosion or riverbank cutting and flooding, some plantation roads
have disturbed the channel banks and sediment from erosion could affect the channel beds and
flows. This will need regular monitoring and clearance. Deteriorating soil water regimes, which
inevitably accompany forest degradation, have been reversed or avoided and the soil water
relationship has been stabilized. Although the plantations are not as good as prime natural
forest at maintaining optimal soil condition, the difference is generally not very significant.
During land clearing, soil is exposed to greater erosion but it abates after about 2-3 years.
Values for soil conservation benefits need to be established through more careful monitoring,
with cost-benefit analysis to allow optimal decisions on future plantations and forest protection
practices.

71. Eucalyptus has shown reasonable growth and yields in Sagarnath. With its short
rotation and fast growth, it is particularly suitable for meeting Nepal's increasing fuelwood
demand. However, its introduction in South and South-East Asia has been accompanied by
about some of its adverse consequences (e.g. depletion of soil nutrients and lowering of water
table) and more monitoring and research is essential to assess the long-term environmental
impact of eucalyptus on soils, water tables and biodiversity (see Appendix 4). Future plantation
programs must be preceded by careful environmental evaluation and impact assessment.

D.	 Demonstration Impact

72. The successful implementation of the Project has been publicized by MFSC as
a means of promoting forest consciousness in general and the advantages of plantations in
particular. Many local communities recognize the economic benefits of eucalyptus and there
is considerable demand for seedlings for private farms and home lots (see para. 32). However,
some local communities are not convinced of the usefulness of eucalyptus plantation in the
Terai. Thus, information about the benefits should be disseminated more widely to the local
communities, and their support must be enlisted through extension work.

E.	 Protect Sustainability

73. Although a sustainable yield from the plantations can be assured, some critical
issues need to be addressed. The foremost issue relates to an appropriate institutional
framework for the plantations, with total autonomy and accountability. At the micro-level,
management and operational plans, commercial accounting and management information
systems, marketing skills and reliable equipment maintenance systems are essential to sound
management of plantations and optimum productivity. Community participation schemes need
to be designed to protect plantations from illegal harvesting or fires and to promote highly
beneficial intercropping and grazing practices.

VI. KEY ISSUES

A.	 Forestation Alternatives

74. The large-scale capital investments associated with the plantations, which were
largely unknown in natural forest management, have revived a debate among policy planners
in Nepal whether degraded forests should be reforested as plantations or whether natural
regeneration of indigenous trees such as Sal would be more appropriate. The initial vigorous
regeneration of Sal trees in about 6 ha of Project area sharpened the debate.
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75. Forest lands that are not heavily degraded can regenerate under adequate
protection and management but obtaining satisfactory natural regeneration of tropical forests
has not proved easy and, except in parts of India and Thailand, natural forests have not been
effectively managed for timber production. Some natural Sal forest areas in Nepal have
shown regeneration potential, hut, data on the pace of natural regeneration is scanty and
unreliable (see Appendix 5). Elsewhere in Asia, average natural forest regeneration rates are
5 Cu m per ha per year, compared with 10 cu m per ha per year for plantations of appropriate
species. The Bank's Agriculture Department holds the view that normally, as a rule of thumb,
in terms of yield, 1 ha of plantation is equivalent to 4 to 6 ha of natural forest.

76. The most attractive aspect of regeneration of natural forests is the relatively small
capital requirement. Even costs for clearing dead materials and litter, cutting away high stumps,
and silvicultural improvements such as enrichment and multiple shoot cutting are modest.
Plantation establishment requires substantial capital inputs -- averaging $1 021 per ha in
Sagarnath and $923 per ha in Nepalganj. It would thus be inappropriate to replace only lightly
disturbed natural forests by plantations. Forest cover should decrease to about 1 0-15 per cent
before an area is considered unsuitable for natural regeneration and to qualify for clearing and
plantation. However, the economics of natural forest regeneration for different levels of
degradation including the intense degradation in the Terai area in the vicinity of settlements vis-
a-vis plantations needs to be established before more definitive conclusions can be made.

77. Plantations make the most efficient use of the tand and are the only available
options where forest cover is already low, degradation is acute and heavy soil erosion has
undermined the rapid regeneration capacity At this stage, plantations can reverse the
degradation and help effective watershed management. The benefits of plantations also lie in
the capability of short rotation, high yielding trees to meet the sharply rising demand of
fuetwood under conditions of limited, inadequate and diminishing forest area. Plantations also
enable nearby villagers to intercrop harvest fodder and graze cattle. However, they are more
vulnerable than natural forests to pests and diseases, and to depletion of soil nutrients, and, in
monoculture plantations, the biodiversity is very limited.

78. Although each forestation alternative has its advantages, plantations can never
be direct substitutes of natural forests. Regeneration should be preferred for large areas where
such capacity has not been permanently impaired. However, plantations are the only option
in nonforested areas or heavily degraded forest lands where the objective is to meet increasing
fuelwood demand.

79. In any case, regeneration of natural forests and plantations should not be
considered as mutually exclusive alternatives. The more severely degraded areas of the forests
are generally near settlements where plantations are appropriate, which with intense
management and protection, could act as buffer zones between settlements and the larger
naturally regenerating forests. Such a complimentary strategy, if built into long-term forestry
plans, could optimize the social, economic and environmental benefits and provide a cost-
effective acceleration of reforestation in resource constrained Nepal.

!'	 Evans Julian, Plantation Forestry in the Tropics, Clarendon Press, Oxford, 1992, p. 17.
Strategy for Forest Sector Development in Asia, Land Resource Unit, World Bank
Technical Paper Number 182, Asia Technical Department Series, 1992, p. 19.
Regeneration projects require involvement of local communities and are expected to be
more demanding in terms of Bank supervision.
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B.	 Institutional Setup for the Sagarnath Plantation

80. The Sagarnath plantation now encompasses 10000 ha which is large even by
world standards. The initial establishment phase is over. The first plantings are being
harvested, and an institutional setup conducive to efficient and commercial management and
operation is crucial.

81. However, FPDB has not shown strength or dynamism. It is limited by
Government control of its budget, procurement, staff recruitment, prices and marketing. While
FPDB has too many staff members overall, some crucial sections are understaffed. In the
absence of any formal management plans or commercial accounts, staff lack incentive to
perform and are not accountable for their actions.

82. The Government, in its recent efforts to liberalize the economy, has acknowledged
the importance of the private sector. The Administrative Reform Commission Report (1992) also
recommended promoting the private sector and a competitive economy and reducing the role
of Government to specific tasks. Thus, total privatization of the plantations would seem to be
an attractive first option. However, with its limited finances and forestry managerial experience,
the private sector would have difficulty raising the resources needed to buy the plantations. It
may also be prudent to wait for the Government's privatization experience in other sectors. A
total privatization should be preceded by the establishment of an efficient and effective
Government regulatory framework to ensure that the exploitation of plantations is sustainable,
environmental safeguards are adequately enforced and social concerns of the surrounding
communities are properly addressed. Thus, the privatization option is considered to be
premature at this juncture. The option of leasing smaller blocks to the private sector has more
or less the same limitations as the privatization alternative. Community management is another
possible option, but models have not been developed for comprehensive community
management in the Terai . Experiments in community management of forests in the Terai
region have to succeed in smaller areas before this form of management could be considered
for a plantation as large as Sagarnath.

83. The feasible options thus seem to be restricted to the formation of an
autonomous corporation or a public limited company. Such an institution could also profitably
use the private sector resources for activities such as residual harvesting, intercropping,
plantation harvesting, repair and maintenance of light equipment, treating poles and extracting
oil from eucalyptus leaves. A public limited company registered under Nepal's Company Law
Act, such as the Royal Nepal Airlines Corporation, in which the shares are initially held by the
Government could function with more autonomy and transparency than a Government
corporation and could, if considered appropriate, subsequently be privatized by the Government
divesting its majority holding. It is important that the future setup essentially provides for the
institution's autonomy and accountability and that there is commitment and support of the
Government for such a concept. FPDB's upgrading to an appropriate institution needs to be
expedited. Such an institution could also become a center for plantation research and
management competence.

C.	 Economic Evaluation of Forestry Projects

84. The Project experience confirTs that, although forestry projects have significant
socioeconomic, institutional and environmental costs and benefits, they are rarely captured in
the current methodologies for economic evaluation. Techniques are needed to allow the
economic analysis of these costs and benefits. An appropriate methodology is needed for
determining the benefits and costs of harvests from initial land clearances.
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VII. CONCLUSION

A.	 Overall Assessment

85. The Project has been generally successful in meeting its principal objectives of
augmenting domestic fuelwood supply, providing additional employment opportunities for
landless and unskilled laborers, and training a large pool of forestry staff. It is serving as a
model for revival of similar degraded forest lands. The Project continues to be economically
viable, although the harvest is lower than expected, and it has socioeconomic, institutional and
environmental benefits. There is, however, considerable scope to improve management and
operation of the plantations. It is also critical for the sustainability of the Project that immediate
steps be taken to strengthen FPDB to become an efficient, autonomous and transparent entity.

B.	 Lessons Learned

86. Regeneration is the least-cost option and should be preferred where degradation
is not heavy and regeneration capacity is not permanently impaired. However, capital-intensive
plantations are the only option for afforestation of nonforested areas or reforestation of heavily
degraded forest lands to meet increasing fuelwood demand. Plantations could serve as buffer
zones around naturally regenerating forests.

87. Community participation in protecting plantations. intercropping and rotational
grazing benefits the communities and the plantations

88. Poor site conditions, low availability of mechanical equipment for land clearing,
reduced intercropping, not applying fertilizer in nurseries, fire damage and weak management
contribute to reduced plantation yields. Improved seeds, tissue culture and other superior
nursery practices, chemical fertilizer and irrigation are needed to increase the yields.

89. Research and field trials for matching soils with species are essential prior to
implementing plantation programs. Expansion or establishment of plantations should be
preceded by careful environmental evaluation or impact assessment.

C.	 Follow-Up Action

90. FPDB should (i) provide incentives to farmers and consider contractual
intercropping; (ii) undertake, on a priority basis, a comprehensive review, repair and
replacement of firefighting facilities and equipment; and (iii) step up its public relations with
nearby communities, and publicize the benefits of eucalyptus.

91. FPDB and DOF should draw up a joint program of research and field trials for
matching soils with species well ahead of plantation programs and for assessing the long-term
environmental impact of eucalyptus on soils, water and biodiversity so that some of the current
doubts about its adverse impact could be allayed.

92. The Government should encourage the establishment by the private sector of a
pole treatment plant.

93. The Bank should consider, on a priority basis, the provision of a small-scale TA
for improving FPDB systems and operations.
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Apøendix 1

MASTER PLAN FOR THE FORESTRY SECTOR

1. In 1987 the Government formulated a long-term development plan for the forestry
sector with assistance from the Bank, the International Fund for Agricuttural Development and
the Government of FinlandY The Master Plan for the Forestry Sector (MPFS) provides a policy
framework for systematic and sustained development for 1989 to 2010. MPFS has identified six
primary programs to meet basic needs for fuelwood, fodder, timber and other forest products
on a sustained basis, to protect the land against further degradation and to contribute to the
growth of the national and local economies. The six programs are: (i) community and private
forestry development, (ii) national and leasehold forestry development, (iii) soil conservation and
watershed management, (iv) conservation of the ecosystem and genetic resources, (v)
production of medicinal and aromatic plants, and (vi) wood-based industries.

2. The Government agenda for reform includes: (i) integrating forestry development
in the structural adjustment of the economy through decentralization; (ii) formulating and
implementing MPFS; (iii) formulating a new Forestry Sector Policy; (iv) updating forestry
legislation; (v) reorganizing Ministry of Forests and Soil Conservation, providing for enhanced
delegation within the departments and autonomy for para-statal bodies such as Forest Products
Development Board.

TA No. 670 for $1.1 million, approved on 20 February 1985 with co-financing from the
Government of Finland and International Fund for Agricultural Development, in an overall
amount of $1.1 million.

(Reference in text: page 4, para. 16)
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Result of FINNIDA Inventory

The FINNIDA inventory noted eucalyptus MAIs ranging from 0-23 cu m per ha.
It was also assessed that realistic average yields under good management could be 12.7 cu m
per ha for site Class I land and 8.5 cu m per ha for site Class II land, but as the existing
plantation trees had not received optimal management conditions, the actual MAIs at harvest
were expected to be lower, The Tracer Study assessed the MAIs for Eucalyptus in Sagarnath
in the range of 4-30 cu m per ha and adopted FINN IDA's average of 10.6 cu m per ha However,
the biomass production in the actual harvest of first 40 ha in 1991/92 indicated an MAI of 9.0
cu m per ha. Based on the above data and its own field inspection and also making allowance
over the longer Project period for some reduction due to fire damage, the REM assessed
average MAI for Eucalyptus in Sagarnath at 8.7 Cu m per ha.

(Reference in text: page 6, para. 29)
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ASSUMPTIONS USED IN THE FINANCIAL AND ECONOMIC ANALYSES

A.	 General

1. The economic fife of the Project was assumed to be 25 years so that three full
rotations of eucalyptus (nine years followed by two rotations of eight years each) and one
25-year rotation of sissoo timber could be completed.

2. All costs and benefits were expressed in FYi 991/92 prices and assumed constant
for the rest of the projection period. Likewise, a standard conversion factor (SCF) of 0.9 was
applied to express local costs and benefits in economic terms.

B.	 Costs

3. Capital expenditures reported in the Project Performance Audit Report (PPAR)
for Sagarnath Forestry Development were used and converted into 1991/92 prices by applying
the World Bank's Manufacturing Unit Value Index to the foreign currency cost and the National
Urban Consumer Price Index to the local currency cost. About 67 per cent of the cost of
facilities and infrastructure was taken into account as the facilities would be shared with
Phase II, Other costs included cost of grazing assessed at 20 per cent of the grazing benefits
and the foregone opportunity cost in initial land clearance estimated at 70 per cent of the
residual forest revenue. As second and third cycles of eucalyptus production will be coppice
based, mechanical land clearance is not expected after the initial plantation phase.
Consequently, no additional major expenditure for procurement of equipment is assumed.

4. Operation and Maintenance (O&M) costs for the Project were determined on the
basis of a per hectare prorating of the total 1991/92 O&M costs of Forest Products Development
Board (FPDB).

C.	 Benefits

1.	 Residual Forest Harvesting

5. The Project generated large volumes of fuelwood and other wood when residual
forests were cleared in preparation for plantation (see Table 1). Large volumes of small or
awkwardly shaped materials and stumps were given to the local villagers. Much of this was
burned. As a byproduct of this burning, about 6 metric tons of charcoal was collected and sold,
in 1984.

2.	 Yields

6. Eucalyptus yields are calculated based on a MAI of 8.7 cu rn/ha producing 83 per
cent fuelwood and 17 per cent poles. The MAI for sissoo is estimated at 5.1/cu m per ha
producing 65 per cent logs and 35 per cent fuelwood. Benefits from thinning in the thirteenth
year (when 20 per cent of accumulated growth is cut) and in the eighteenth year (when 10 per
cent of growth accumulated since the first thinning) assumed to produce 100 per cent fuelwood
were also included. The biomass harvested at thinnings is deducted from the MAI based
computations for the final harvest.

(Reference in text: page 15, para. 66)
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Table 1: Residual Forest Sales
(cu m)

Type of Wood
	

1979	 1980	 1981	 1982	 1983	 1984	 1985	 1986

Sawlog
Sawn timber
Poles
Cut piece of timber
Saw dust (mt)
Charcoal (mt)
Logs with rotten cores
Fuelwood

91	 2.991	 2,496	 6351	 9,099	 6,429

	

53	 550	 2,108	 2,267

	

196	 1	 27	 227	 1,352

	

4,849	 5898	 21,682 18,229

	

170	 171	 251	 65	 123
6

	

64	 6

	

315 16,107	 18,725 22,431 59,755 30,209

9,054 10.772

	

1,526	 1,282

	

1,770	 563
9,627 10,049

25
53,771 49,232

3.	 Grazing and Fodder

7. Benefits from fodder production or grazing occur throughout the plantation cycle,
at levels varying according to the species planted. In the first three years after planting, only
fodder harvesting is allowed and grazing is prohibited to protect the trees. Thereafter the
plantations are open to grazing stock. Based on the Re-evaluation Mission's field observation,
grazing benefits were assumed to be the equivalent of 0.2 cattle per hectare for seven months
each year or about 500 kg of fodder amounting to NRs 500/ha per year.

4.	 Intercroppinq

8. Net intercropping benefits after deduction of costs were estimated to be about
NRs 12,000/ha per year based on an average production of 2.16 tons/ha of maize in summer
and 0.2 ton/ha of mustard in winter.

D.	 Prices

9. The prices used in the financial and economic analysis were based on the latest available
auction prices at 1991/92 values (see Table 2). Economic prices were derived by applying the
standard conversion factor (SCF) of 0.9 to financial prices.

E.	 Comparison with Previous Economic and Financial Estimates and Current
Methodology

10. The recalculated rates of return for the Project (see Tables 5 and 6) w&e lower
than the appraisal, Project Completion Report and PPAR estimates. The recalculated rates of
return were lower mainly because of variations in yield estimates and the considerable difference
in the controlled prices. In addition, the methodology used differs considerably from that
adopted for the PPAR and the Appraisal Report: market prices (based on the latest available
market prices at 1991/92 values) were used for all revenues; additional benefits for grazing,
intercropping and the without project cost were calculated using economic prices.



ha
ha
ha

Cu m
Cu m
Cu m
Cu fl1

each
Cu m

kg
ton

Without Project Benefits
Grazing With Project
lntercropping First 3 Years
Fuelwood
Poles
Logs
Sawn Timber
Tree Stumps
Saw Slabs
Sawdust
Charcoal

23,724.0
500.0

12000.0
358.0

4,200.0
10,318.0
17,236.0

31.0
101.1

0.18
300

21,352.0
450.0

10,800.0
322.2

3,780.0
9,286.2

15,512.4
27.9
90.9
0.16

270.0
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1.	 Prices

11.	 Table 3 shows the fuelwood, sawlog and pole prices assumed at appraisal, PPAR
and at re-evaluation.

Table 2: Prices of Forest Products at the Forest Gate
(in 1991/92 constant prices)

Product	 Unit	 Financial	 Economic

	

Price (NRs)	 Price (NRs)
(ExcI Royalty)

Table 3: Prices of Fuelwood, Sawlogs and Poles
(NRs per cu m)

Appraisa1 977I7rices)	 PPAR(1 986/8'rices) 	 Re-Evaluation 991 /9Prices)

Financial	 Economic	 Financial	 Economic	 Financia	 Economic

Sawlogs
ResiduaForest
Eucalyptus
Sissoo/Others

SawnTimber	 1,213.5

Poles	 66.3w
ResiduaForest
Eucalyptus
Sissoo/Others

Fuelwood	 162.5
ResiduaForest
Eucalyptus

- SissoofOthers

Afterpaymerif royalty.
Per piece.

	

967.0k	 1800.0

	

1057.0	 1,500.0

	

1,887.0	 1,887.0

2,260,0

152.5w

	

192.0k	 858.0

	

300.0	 660.0

	

350.0	 664.0

221.3

	

87,0	 288.0

	

118.0	 227.0

	

149.0	 288.0

	

10,318.0	 9,286.2

	

17,2360	 15,512.4

	

4,200.0	 3,780.0

	

355.0	 322.2
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2.	 Yield Estimates

12. As shown in Table 4, the higher values for MAI used in the PCR and PPAR have
had an important impact on the economic analysis, contributing to the higher estimates gained
compared with the present calculation.

Table 4: Com parative Estimates of Yields
(Cu rn/ha per year)

Species	 ]_Appraisal 	 PCR	 PPAR	 Re-Evaluation

Eucalyptus	 7.0	 18.8 to 30.1	 20.0	 8.7

Sissoo	 8.0	 7.2 to 12.0	 7.6	 5.1

Teak	 8.0	 -	 -	 5.1

Residual Forest 	 32.8	 63.0	 -	 56.8

13. Since the yields could be improved through more efficient management practices,
a MAI enhancement from 8.7 Cu m to 10.6 cu m for eucalyptus and 5.1 Cu m to 6.0 Cu m for
sissoo from year 1 996 were assumed for the purposes of carrying out a sensitivity analysis.

3.	 Intercropping Benefits

14. The estimation of intercropping benefits at Re-evaluation was higher than the
PPAR estimate. No intercropping benefits were assumed at appraisal. lntercropping benefits
at Re-evaluation were estimated to be about NRs 12,000/ha per year based on an average
production of 2.16 tons/ha of maize in summer and 0.2 ton/ha of mustard in winter, while the
PPAR calculated the intercropping benefits to be about NRs 4,750 (1986/87 prices)/ha per year
on the basis of 1 .5 tons of corn in summer and 1 .0 ton of mustard oil in winter.

4.	 Opportunity Cost

15. The methodologies used in the calculation of opportunity cost differ significantly
in the AR, PPAR and Re-evaluation. In the AR, the value of foregone opportunity cost was
assumed to be only about 3 per cent of the value of standing woodstock or the equivalent of
NRs 80 per ha. The PPAR used NRs 3,000 per ha as the economic rent or the foregone
opportunity cost. Re-evaluation roughly assessed the opportunity Cost in the initial land
clearance at 70 per cent of the standing woodstock.

16. Beginning in the sixth year after clearing the forest, natural regeneration was
expected to again provide the villagers with sustained income of fuelwood and grazing.
Considering residual harvest as a forest growth over at least 30 years, the average annual
growth was assumed to be one thirtieth of the volume of residual harvest. In the "without'
Project situation, the villagers are expected to cut trees before maturity and damage or waste
some others. As a consequence, only about 30 per cent of the assumed annual growth was
expected to be profitably utilized. Thus, the sustained annual income lost to the villagers or the
foregone opportunity cost was estimated at 30 per cent of the value of the residual forest
products divided by 30.



1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2008

2007

2008

2009

2010

2011

2.093

10,272

20,945

53,478

58.812

70.828

46.024

49.472

7.085

7,085

7.085

7.085

7,085

7,085

7.085

7.085

7,085

7,085

7,085

7,085

7,085

7,085

7.085

7,085

7.085

7.085

7,085

7,085

7,085

7.085

7,085

7,085

7,085

10

77

38

136

600

85

180

380

3,3 16

1,200

1,625

6,395

2.075

2,075

2.075

2,075

2.075

2.075

2.075

2.075

2.075

2,075

2.075

2.075

2.075

2.075

2.075

2.075

2.075

2.075

2.075

2.075

2.075

2.075

2,075

2.075

2.075
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Table 5. FInancial Internal Rate of Return Calculation
(in FY1991/92 constant prices, in '000 NRs)

Costs
	 Benefits	 Net

Year
	

Protect	 Other
	

Residual Eucalyptus	 Sissoo/ Seedling Intecropping	 Total	 Benefits

Expenditure	 Costs	 Total
	

Forests	 Others	 &Grazlng

2.747

21.222

33.585

41,414

47.527

0

0

0

2.442

18.864

29,853

36.813

42.246

0

0

0

2.442

18,864

29.853

36.813

42.246

753

28,251

23.803

58,793

108,746

86.957

103,595

108.388

7,781

7,781

7,781

7,781

7,78 1

7,781

7,781

7,78 1

7.781

7,78 1

7,781

7,781

7,781

7,78 1

7,78 1

7.781

7,781

7,78 1

7.78 1

7,781

7.781

7,781

7,781

7,78 1

7.78 1

2.848

38,524

44,747

112.271

167.558

157,786

149,618

157,859

14.866

14.866

14,866

14,866

14,866

14,866

14.866

14.866

14.866

14,866

14.866

14,866

14.866

14,866

14,866

14,866

14,866

14,866

14,866

14.866

14,866

14.866

14,866

14,866

14.866

1,052

37,451

33.895

83,789

155,009

123,760

147,400

154.247

0

0

0

0

0 0

0

582

616

1.249

1,149

1 .748

1.189

1,076

740

681

1,035

501

421

119.401

126.425

256,362

235.993

358.906

173,483

146,091

1,652

37,536

34.075

84.169

158,335

125,037

149,063

160,777

2.075

2.075

2.075

2,075

4,822

23.297

36.241

44.105

50.850

3.224

3,823

3,264

5,593

21,679

32,609

39.923

44.82 1

2.496

121,476

128,500

260.878

256.932

390,834

212,371

190,412

(1,194)

1,012

(10,672)

(28.101)

(9.223)

(32,748)

(556)

2.918

(12,791)

(12,79 1)

(12,791)

(12,791)

(10.044)

8.431

21.375

29.239

35.984

(11,641)

(11,043)

(11,601)

(9,273)

8.813

17,743

25,057

29,955

(1 2.369)

106,610

113,634

246.013

242.066

375,968

197,505

175,546

FIRR=	 11.9%
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Table 6. Economic Internal Rate of Return Calculation

(in FY1991/92 constant Prices, in 000 NRa)

Coil.
	

Net

V•ar
	

Pro.ct	 Other
	

R..,du.l Eucalyptus	 Slssoo/	 Seedling Intecropping	 Salvag.
	

total	 8enetlts

Exp•rtaltu,.	 Cost.	 Total
	

Forests	 Others	 &Grazirig	 Value

1979
	

1,883	 679	 2,591

1980
	

9.245	 23,626	 32,671

1961
	

19.689	 21,422	 41.112

1992
	

53,391	 52,913	 108,304

1963
	

57,091	 97,871	 154,953

1984
	

88,999	 78.281	 147,160

1985
	

43,954	 93,235	 137,190

1989
	

47.795	 97,549	 145,344

1987
	

7.208	 7,003	 14,211

1 98e
	

3.859	 7,003	 10,862

1989
	

3,859	 7,003	 10,862

1990
	

3.859	 7,003	 10,862

1991
	

3,859	 7.003	 10.862

1992
	

3,859	 7,003	 10,862

1993
	

3,859	 7,003	 10,962

1994
	

3.859	 7.003	 10,862

1995
	

3.859	 7,003	 10,862

1996
	

3,859	 7.003	 10,862

1997
	

3,859	 7,003	 10,862

1998
	

3.859	 7.003	 10.862

1999
	

3.859	 7,003	 10,862

2000
	

3,859	 7.003	 10,862

2001
	

3.859	 7,003	 10,862

2002
	

3,959	 7,003	 10.862

2003
	

3,859	 7,003	 10.882

2004
	

3,859	 7,003	 10,862

2005
	

3,859	 7,003	 10,862

2006
	

3,859	 7,003	 10,862

2007
	

3,859	 7,003	 10,862

2008
	

3,859	 7.003	 10,862

2009
	

3,859	 7,003	 10,882

2010
	

3,859	 7.003	 10,862

2011
	

3,859	 7,003	 10,862

	

947	 540	 1,487	 (1 0751

	

33,709	 77	 33,782	 11

	

30,506	 182	 30868	 (10444)

	

75,410	 342	 15,752	 30.552)

	

139,509	 tO	 2.984	 142,503	 (12,4501

	

111,384	 77	 1,080	 112,541	 34,8191

	

132,660	 38	 1.463	 134,160	 (3,0291

	

138.822	 136	 5,756	 17319	 182.032	 19688

	

3	 I 868	 1,868	 12,343)

	

0	 1 868	 1 668	 (8,994)

	

0	 1 888	 1.868	 (8.994)

	

0	 1 868	 1,868	 (8,994)

	

0	 2.850	 0	 1,888	 4.718	 (6,1441

	22,0 18	 0	 1 868	 23,885	 13.023

	

34.844	 726	 1,868	 37.438	 26,576

	

42,967	 769	 1,868	 45.603	 34,741

	

49.308	 1.559	 1,868	 52,735	 41874

	

0	 1.436	 1,868	 3.303	 (7,559)

	

0	 2,183	 1868	 4,051	 6.811)

	

0	 1,485	 '	 1.868	 3.353	 (7.509)

	

2,534	 1,344	 1.868	 5,745	 (5,117)

	

19,571	 924	 1,868	 22,383	 11,501

	

30.972	 850	 1,868	 33,690	 22.828

	

38,193	 1,293	 1868	 41,353	 30.491

	

43,830	 625	 1,868	 48,322	 35.460

	

0	 526	 1.868	 2.394	 8,468)

	

0	 111,205	 1.868	 113.072	 102.211

	

0	 117,746	 1,868	 119.614	 108,752

	

2,534	 238,763	 1,868	 243,164	 232,303

	

19,571	 219,793	 1,868	 241.232	 230,370

	

30,972	 334,289	 1,868	 367,108	 356,247

	

36,193	 181,574	 1,868	 201,634	 190,772

	

43,830	 136,062	 1,868	 181.760	 170,898

5(66	 12 7%
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Table 6a. Economic Internal Rate ci Return Calculation

(In FY1991/92 constant prices. in 000 NRS)

Costs

	

Proisci	 Oth.r

	

Exp•ndttur.	 Cost.	 lotsi

1079
	

1,883	 618	 2.581

1960
	

9.245	 23.826	 32.87 1

1981
	

10,869	 21.422	 41.112

1982
	

53,391	 52,913	 106,304

1983
	

49,637	 97,871	 147.708

1984
	

62,885	 78.261	 141,147

1965
	

43.954	 93,235	 137,190

1988
	

47,795	 91,549	 145,344

1987
	

7.208	 7.003	 14,211

1988
	

3,859	 7,003	 10,862

1989
	

3,659	 7,003	 10,862

1990
	

3.859	 7 003	 10,882

1991
	

3,859	 7,003	 10862

1992
	

3,859	 7.003	 10.882

1993
	

3,859	 7,003	 10,862

1994
	

3,850	 7,003	 10,862

1995
	

3,859	 7.003	 10,862

1996
	

3,859	 7,003	 10,862

1997
	

3.859	 7,003	 10,862

1998
	

3,859	 7,003	 10,862

1099
	

3,859	 7,003	 10,862

2000
	

3,859	 7,003	 10,862

2001
	

3.859	 7.003	 10,862

2002
	

3,859	 7.003	 10,862

2003
	

3,859	 7,003	 10,862

2004
	

3,859	 7,003	 10,862

2005
	

3,859	 7,003	 10,862

2006
	

3,659	 7,003	 10,862

2007
	

3,859	 7.003	 10,862

2008
	

3.859	 7,003	 10,862

2009
	

3.859	 7,003	 10,862

2010
	

3,859	 7,003	 10,882

2011
	

3,859	 7,003	 10.862

	

8•nst'ts	 Net

	

Rs.0usI Eucetyprus	 81.5001	 9•.dHn IrltucropplrlQ	 SsIv.g.	 Totit	 9.nefics

	

Fors.t.	 Others	 &3rszin	 Vslu.

	

947	 540	 1,487	 1,075)

	

33,708	 77	 33.782	 911

	

30,506	 162	 30,668	 (10.444)

	

75,410	 342	 75752	 (30552)

	

139,508	 10	 2,984	 142,503	 (5.206)

111,384 '	 77	 1080	 112541	 (28,605)

	

132,960	 38	 1 463	 34180	 (3,029)

	

138.822	 138	 5 756	 17,319	 162,032	 18,688

	

0	 1868	 1 868	 (12,343)

	

0	 1 868	 1 868	 (8,994)

	

0	 1,888	 1.868	 (8.994)

	

0	 1,868	 1,868	 (8.994)

	

0	 2,850	 0	 1 868	 4718	 (6,144)

	

22,018	 0	 1,860	 23885	 13,023

	

34.844	 726	 1.868	 37,438	 26,575

	

42,967	 769	 .868	 45,603	 34,741

	

40,308	 1.559	 1,868	 52.735	 41.874

	

0	 1,689	 1,868	 3,556	 (7,305)

	

0	 2,568	 1.868	 4.436	 (8,428)

	

0	 1,748	 1,668	 3.615	 (7,247)

	

3,087	 1,581	 1.868	 8,536	 (4,326)

	

23,846	 1.087	 1.868	 28,800	 15,938

	

37,738	 1.000	 1,868	 40,604	 29,742

	

48,534	 1,521	 1,868	 49,922	 39,061

	

53,402	 735	 1,868	 58.005	 45,143

	

0	 619	 1,868	 2.487	 (8,375)

	

0	 130.829	 1,868	 132.697	 121,835

	

0	 138.525	 1,888	 140,393	 129,531

	

3,087	 280,898	 1,858	 285,852	 274,991

	

23,646	 258,580	 1,868	 284,293	 273,431

	

37,738	 393,257	 1,868	 432.881	 421.999

	

46,534	 190,087	 1,868	 238,488	 227,826

	

53,402	 180,073	 1.888	 215,343	 204.481

E)RR	 14.2%

Note:	 1. Assume. 2/3 Cost of infrastructure and facilities tof SFOP
2. Yields of Eucalyptus increased from 8.7 to 10.6 and Slssoo from 5.1 10 80 Cu m /fl elyear starting year 1996
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ENVIRONMENTAL IMPACT OF EUCALYPTUS

1. The introduction of eucalyptus trees in major industrial plantations in South and
Southeast Asia in 1960s and 1970s was accompanied by controversy and debate about some
of its adverse consequences. The apprehensions about depletion of water tables have been
proven to be unfounded in the Nepal Terai, where the water tables are generally well beyond
the reach of eucalyptus roots. In terms of water per kilogram of bio-mass produced, eucalyptus
is more efficient than most indigenous species as it uses, for example, only about 62 per cent
of water used by sissoo. However, as eucalyptus grows faster than sisso, it requires more water
per hectare and it draws water from adjacent soils, which could reduce to some extent yields
in land near eucalyptus plantations.

2. Eucalyptus is also criticized for depleting the soil of nutrients. Repeated cropping
on short rotation, especially when all branches, lops and tops, bark and leaves are removed as
fuel, could deplete nutrients, just as could any single crop. At rotations, the need to fertilize has
to be recognized or repeated cropping could result in declining yields and possible
desertification. Further research on these aspects is essential to assess the magnitude of the
impact of soil depletion, and the control and remedial measures that may be necessary.

3. If eucalyptus was replacing mixed natural forest, existing biodiversity would be
severely reduced. However, where it has replaced highly degraded forests, it has actually
contributed to increasing the biodiversity. FPDB reports high populations of monkeys, hares
and jungle rats in Sagarnath. The population of spotted deer and wild boar has increased but
is threatened by hunting by local people. Promotion of beekeeping, which is well suited to
eucalyptus plantations, will enrich the biodiversity. Recent research in neighboring northern
India on exotic monoculture plantations, including eucalyptus, indicates that birds are better able
to adjust and exploit such environments than was previously thought.

4. More monitoring and research is needed to assess the environmental impact of
eucalyptus on soils, water tables and biodiversity. Plantation expansion should be preceded
by careful environmental evaluation and impact assessment.

(Reference in text: page 16, para. 71)
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COMPARISON OF AVERAGE YIELDS IN
EUCALYPTUS PLANTATIONS AND NATURALLY

REGENERATING SAL FORESTS

1. Where forestry management practices were generally suboptimal, the average
mean annual increment for eucalyptus at Sagarnath was 8.7 cu rn/ha but yields up to 23.0 cu
rn/ha had also been recorded. Assessments elsewhere in Asia show that plantations of
appropriate species can achieve twice the growth rates of natural forest (10 cu rn/ha per year
for plantations compared with 5 Cu rn/ha per year for natural forests). Actual regional growth
rates are 6-35 cu rn/ha per years but further research work in the Terai region to get more
reliable and representative production and product data is essential. Better techniques and
silvicultural management practices provide potential for substantial increase in yields.

2. Data about natural regeneration growth rates in Nepal is still scanty and available
only for research plots. Assessments of mean annual increment have varied from 1 .2-3.9 cu
rn/ha for the trial plot in Sagarnath to 8.7-12.3 cu rn/ha in research areas in Jogikuti (Butwal)
and Nepalganj areas in the Western Terai.' The reliability of the limited data in the Western
Terai is doubtful as firm data about the stocking of plots was not recorded when the protection
for natural regeneration was started.

3. Data was available for 1 00,000 ha of regenerated sal forests in the West Bengal,
India, in conditions similar to the Terai region in Nepal. With community protection, grazing
bans, and forest department's silvicultural activities including stool cleaning, multiple shoot
cutting and enrichment planting, yields of about 5-7 cu rn/ha per year have been recorded on
a 28-year rotation basis.

World Bank, Strategy for Forest Sector Development in Asia, Land Resource Unit, World
Bank Technical Paper Number 182, Asia Technical Department Series, 1992, p. 19.
K.J. White, Tree Farming Practices in Bhabber Terai of Central Nepal, 1986, Manual No.
2, p. 142.
Tracer Study Report, pp. 43-44.

(Reference in text: page 17, para. 75)
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