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Accompanying this memorandum is your set of draft benefit/
cost studies on six components of the Resource Conservation
and Utilization Project. 1Included in this set are analyses
of forestry, watershed management, appropriate technology/
enerqgy, irrigation, drinking water, and the Institute of
Renewable Natural Resources. The studies for the
agriculture/horticulture and livestock components will
probably be completed in May.

Our studies represent progress reports on our efforts thus
far. They are drafts which will be revised based on the
comments received in these workshops. For some of the
studies, additional data will be required before they can
be completed. Nevertheless, they are products which, we
believe, provide a useful preliminary evaluation of RCUP.

We welcome your critique and look forward to sharing ideas

in these workshops.
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I. FORESTRY1

Forests provide the resource base associated with two of Nepal's greatest
consérvation problems: (1) a diminishing timber inventory, source of fuelwood,
tree fodder, and ground forage; and (2) the associated severe watershed erosion.
Thirty percent of Nepal is covered by forest and this forest cover has decreased
* by one quarter in tean years (Ganguli et al., 1983). Erosion has resulted in soil
loss in the neighborhood of 20 to 50 (ons per hectare per year and ranging to
extremes of 200 to 500 metric tons per hectare per year (DSCWM, 1977). The sig-
nificance of this loss of forest cover and associated erosion is emphasized when
we consider the fact that wood provides 90Z of che Nepal's domestic energy source
(Levenson, 1979). The extreme watershed erosion implies further loss of forest-
land, decreasing water tables and drying up of the natural springs, and down-
stream cropland damage from scouring caused by the eroding sediment. The net
effedt on existing cropland is severely negative and very important in this high-
ly agricultural country.
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The human pressure oa the forestland is a function of the demand for fuel,
fodder, and forage and of the open access nature of the resource. Open access
wmeans that the resource is available to everyone. There is no initiative for
anyone to conserve the forest because one person's conservation for tomorrow
loses to another person's preference for harvest today.

The objective of the Resource Conservation and Utilization Project (RCUP) is
to improve the quality of forestland. 1Its approach has three features: (1) re-
forestation, (2) work within the appropriate institutions for overcoming the open
access problem, and (3) sustainability. The village panchayats, or legislative
bodies, are probably the appropriate institutions with which RCUP might work be-
cause they can establish a sense of local ownership and a sense of local gain
(identifiable with personal gain and, therefore, with personal incentive) from
restricting access and managing the forest. RCUP hopes to achieve sustainability
through both demonstration projects and local involvement leading to local imple-
mentation cof further reforestation projects. These projects emphasize relative
labor intensity and biological over mechanical means. This is because, as gener-
al rules in Nepal, labor is plenciful relative to capital and biological means
are locally less expensive than mechanical means. For forestry, this suggests
‘nurseries and reforestation projects, hand planting, stone fences in preference
to wire fences, and preferedce for local species and local seed gathering. It
does not rule out, however, research-based improvements in species and in general
forest management. ' ‘

Our problem in this chapter is to examine the forest management experience

of RCUP, to find a measure of its success and to provide insight to its reason-
able future direction. Our approach is social benefit-cost accounting as de-

scribed in our introductory chapter. In order to accomplish this, we propose to.

search for distinguishing characteristics of successful forest management pro-
jects. Characteristics may mean species, geographical locatioas, institutions,
or management activities. Successful projects, for our purposes in this chapter,
are those projects with social banefits ewceeding social coses. Identification
. of the characteristics attached to successful projects has implication to future
successes. That is, identifying the characteristics associated with current suc-
cessful projects suggests those characteristics which may attach to future targec
expansion and/or successful new projects. ' , ,

) lThis study was prepared by W. Hyde, K. Kanel, and K. Livengood in February
. 1985, -
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This chapter is divided into five major sections. The first comments on the
relevant local institutions and their historical development. 1Its intent 1is to
explain the relationship between open access and forest depletion as well as the
institutions which may be useful in overcoming the open access and forest deple-
tion problems. The second reviews project targets and completions for each RCUP
forest management activity to date. The third is a case study, a one hectare
panchayat forest plantation. We chose to examine the benefits and costs of this
case because it occurs within the institution which potentially overcomes open
access and because it possesses physical features (land and outputs) which are
similar to other RCUP forest management activities. The case study features de-
tailed benefit-cost analyses of both fuelwood and fodder plantations with empha-
sis on the characteristics impacting the benefit-cost outcomes.

Each panchayat forest is planned to the same general standard. Therefore,
panchayat forests have many similarities from one to another and our single case
can be representative. We shall find, however, that ‘panchayat forest production
costs vary with their demand for labor (particularly for forest protection) and
with local wage rates. Furthermore, the anticipated benefits of panchayat for-
ests vary with anticipated physical yields and with the costs of hauling these
yields to their location of sale or final use. Therefore, we anticipate a range
. of net benefits for different panchayat forests depending oan attention to employ-
ment, wage, yield and market location characteristics in the original selections
of sites to establish "standard" forests.

The brief fourth section of the chapter examines variations from the pan-
chayat forest plantation case study which describe ,national forest, panchayat
protected forest, and floodplain plantations, the remaining primary RCUP forest
management activities. This section also summarizes and draws implications from
our benefit-cost observations for future adjustments in RCUP forest management
targets. Section 4 does not include the detail which we go into in the case
study of Section 3 because that level of detail would be repetitous. Thus, Sec-
tion 4 is briefer. It focuses on underlying differences and on conclusions. The
fifth section of the chapter contains two appendices, one which reviews the
benefit~cost analysis for nurseries, the major support activity for the RCUP for-
est management effort and one which reviews the aggregate flow of RCUP forest
management costs to date and associates these costs with their anticipated total
budgets. '

1. Open Access and Panchayat Forestry

The pattern of forest management in the hills of Nepal prior to 1957 was

to cut prime fuelwood and timber trees leaving a scrub forest to regrow. No’

further harvest occured until the scrub forest was of fuelwood size again,
and even then the best trees were left as growing stock until they were of
- sufficient size to make housing timbers. The Forest Nationalization Act of
1957 changed this. Forcsi cwnership and management became the responsibil-
ity of His Majesties Government (HMG). Beginning with this act, viilages
had to pay for use of the forest. The Forest Natioralization Act was well-
intentioned but it removed identifiable (local) responsibility. What becawe
everybody's forest in theory was nobody-in-particular's forest in practice.

Il[ll "
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The new national authority provided forest guards but these were insuffi-
cient to limit access. The village rights to harvest timber were gone.
Thus the incencive to protect and manage the forest was gone. The net re-
sult became a free-for-all to exploit the forest. Future gains from any-
one's conservation and management effort were lost to unidentifiable others.
There was competition for resources without regard to their production costs
and the national responsibility for planting and growing could not keep up
with the pace of free-for-all harvest, In sum, the Forest Nationalization
Act led to forest use and depletion at a rate greater than the social opti-
mum,

One solution in many similar cases of open access or free entry is to
privatize the resource. This creates a single, identifiable owner with full
respoansibility and to whom accrue full future benefits of conservation and
management. This solution is not viable for Nepal's forests. Neither one
citizen nor even one extended family can manage to protect an area large
enough to support a sustained yield forest.

A reasonable alternative might be a level of public ownership small
enough so that users perceive personal gain from management but large enough
to operate a sustainable forest unit. This description fits the 18th cen-
tury New England town commons. It also fits contemporary tribal grazing
arrangements in Botswana (Runge, 1982). More important to us, it provides
the understanding behind the community forestry/social forestry movement
throughout Asia. In particular, it explains the 1977 ammendment to the For-
est Nationalization Act in Nepal which permits the transfer of some poorly
stocked forest back to the village panchayats (panchayat protected forest)
and the creation of other forest plantations from eroded or otherwise unused
land (panchayat forest). In both casges,, individual panchayats share the
gains from forest management with His Majesty's Government. There is a par-
tial, but not complete, transfer of the forest from the central governmeat
to the panchayats (APROSC, 1979, v. 1).

It is too early to judge the impact of the 1977 ammendment with confi-
dence. The impact will be incomplete until the period of at least one tim-
ber rotation (20-30 years) has passed and we, have observed local community
treatment of the forest throughout its cycle from seedling to mature trees.
Nevertheless, there does exist casual evidence that the panchayats have
taken responsibility for some forests and understand the potential gains to
themselves. Indeed, we understand that *some panchayats now refrain from
all harvest on their own land and concentrate their harvest on the remaining
national forests. We also understand that some panchayats so recognize
their own advantage that neither guards nor fences are necesary around cer-

tain panchayat forests or panchayat protected forests. In these cases,:

local community social pressures apparently provide sufficient self-policing
of entry. In sum, the 1977 amendment may have found a useful instituticnal
mechanism for overcoming open access problems in Nepal's forests and water-
sheds. '

"2, Targets '

RCUP is a collaborative effort of USAID and HMG, The Department of For-
estry (DOF) is the focal HMG agency for the forest management projects,

0
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alchough the Department of Soil Conservation and Watershed Management
(DSCWM) also maintains active involvement. The current RCU project is in
the fifth year of its first five year plan and is now fully operational.
The primary activities of the forest management project are panchayat for-
est, panchayat protected forest, national forest, and floodplain plantation
management. Each of these four has additional subcomponents or project man-
agemenr activities identified as demarkation, management plans, and manage-
ment plan implementation, the latter of which is generally uanderstood to
mean forest protection from trespass by people and by foraging animals.
There are two support components to these four primary activities; nurseries
and research. The research component is only anticipated at this time. The
nursery component includes both central and satellite nurseries {associated
with national forest management) as well as individual nurseries for each
panchayat participating in the project.

Panchayat forests are designed for fuelwood and fodder production. In
our subsequent analysis we assume that half of all panchayat forest hectares
are devoted to each of these two objectives. _Panchayat forests are sup-
ported by panchayat nurseries. The objective of panchayat protected forests
is to produce fuelwood, sawtimber, and poles. Together panchayat forests
and panchayat protected forests intend to cvercome some of the open access
problem originating with the Forest Nationalization Act of 1957. The catch-

ment conservation officer (CCO) from the DSCWM provides the administrative
connection between RCUP and each panchayat forest. The district forest con-

servator (DFC) from the DOF is the main contact between RCUP and each _pan-
chayat protected forest.

The remaining two primary forest. management activities of RCUP are
national forest and floodplain management. The objective of the national
forest management is, like panchayat protected forest, to provide fuelwood,
sawtimber, and poles. National forests are supported by one central nursery
per district and any number of satellite nurseries. Seedlings from these
nurseries, which are not needed by national forest, may -be distributed to
the private sector. The administrative connection between RCUP and each
national forest is through the DOF. The purpose of floodplain plantations
is erosion control and the species planted in floodplains are generally
sisal, a species of many final uses. The DSCWM provides administrative sup-
port.. Neither national forest nor floodplaxn plantations are associated
with local panchayat responsibility or reward, therefore both remain subject
to open access problems.

Table I-1 shows the original annual physical targets, the revisions in

these targets, and the final accomplishments for Gorkha, Myagdi, and’

Mustang, the three political divisions on the two watersheds in which RCUP
is active. We observe that the general concentration of targets has been in
:Gorkha. Gorkha has the most arable land (38.7Z) and the largest population
of the three districts. Mustang has attracted the least attention. It is a
high, cold desert with a low population, a short growing season, and only
2.5% of its land is arabli:. Myagdi represents an intermediate case, closer
to that of Gorkha, in both topographic and demographic characteristics.



TABLE 1-1

FOREST MANACRMENT: TARCETS AND ACOMPLISIMENTS

FISCAL YEAR 1980-81 FISCAL YEAR 19B1-R FISCAL YEAR 1982-83 FISCAL YEAR 19E3-B4 FISCAL YEAR 1984-85
wirr/
ACTIVITY LDCATION TO* TR* ADCk 1] TR AC 10 R ac T0 1] ACC 10 =

Panchayat Forest RA.| (C)+ 4.0 4.0 4.0 15.0 15.0 15.0 33.0 3.0 1.0 54.0 40.0 40.0 71.0 50.0

(Fuelwood) ()% - 2.5 2.5 8.0 8.0 8.0 19.0 19.0 15.0 21.0 2.0 22.0 33.0 38.0

{H)* 2.5 2.5 - 6.0 6.0 12.0 12,5 12.5 i2.5 23.0 18.0 18.0 33.0 18.0

TOTAL 6.5 9.0 6.5 29.0 29.0 35.0 .5 64.5 64.5 104.0 85.0 85.0 142.0 106.0

Panchayat Forest HA. | (6) 4.0 4.0 4.0 15.0 15.0 15.0 3.0 33.0 1.0 54.0 40.0 40.0 1.0 50.0

(Fodder) ) - 2.5 2.5 8.0 8.0 8.0 - 19.0 9.0 19.0 27.0 27.0 22.0 3.0 38.0

() 2.5 2.5 - 6.0 6.0 12.0 12.5 12.5 12.5 20.0 12.0 12.0 28.5 17.0

TOTAL 6.5 5.0 6.5 29.0 29.0 35.0 64.5 64.5 64.5 101.0 8.0 B4.0 137.5 105.0

Panchayat Forest HA. | ©) - - - - - - - - - - 50.0 50.0 100.0 100.0

Handover &n) - - - - - - - - - - 100.0 100.0 70.0 76.0

¢ - - - - - - - " - - - 50.0 12.5 - 35.0

TOTAL - - - - - - - - - = 200.0 162.5 170.0 211.0

Preparazion of M- jHA. | (B) - - - - - - - - - - 5000 - - 140.0

agement Plan of _ Q) - - - - - - - - - 100.0 75.0 - 50.0

Panchayar Forest ) - - - - - - - - - - 50.0 12.5 - 25.0

TOTAL = = = - = - = < = - 650.0 81.5 - 215.0

Establishrent of nA. | (6) a0 3.0 3.0 3.0 3.0 3.0 4.0 4.0 4.0 4.0 4.0 4.0 3.0 1.0

Panchayat tursery o) 2.0 3.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 1.0

(0.09 hectare) on) 2.0 2.0 - 2.0 3.0 3.0 2.0 2.0 2.0 1.0 1.0 1.0 1.0 Ln
TOTAL 7.0 B.0 6.0 2.0 8.0 8.0 8.0 8.0 8.0 7.0 7.0 7.0 6.0 3.0 |




TARLE 1-)
(Cont Snued)

FOREST MANAGEMENT: TARGETS AND ADIDMPLISHMENTS

FISCAL YEAR 1980-81 ) FISCAL YEAR 1981-& FISCAL YEAR 1982-83 FISCAL YEAR 1983-8% FISCAL YFAR 198/,-B5
uNiT/
ACTIVITY LOCATION T0 TR AC TO TR AC 0 TR AC T0 TR & T0 TR

Establishoent of HA. | (G} 245.0 - - 671.0 - - 1,493.0 - - 1,000.0 - - 750.0) 2500
Panchayat Pro- ) 250.0 500.0 - 395.0 301.3 430.0 512.0 604.0 607.35 500.0 400.0 £00.0 500.0 200.0
tected Forest ¢u) 200.0 250.0 - 250.0 250.0 251.9 300.0 450.0 490.0 193.0 200.0 200.0 250.0 125.0
TOIAL| 695.0 750.0 - 1,320.0 551.3 681.9 | 2,305.¢] 1,054.0] 1,007.35 | 1,693.0 500.0 600.0 | 1,500.0 575.0

Demarcation HA. | (G) 60.0 135.0 135.0 58.5 220.0 232.0 136.0 305.0 100.0 100.0 305.0 300

) 20.0 20.0

175.0 122.7 0.4 220.0 287.0 308.78 305.0 200.0 100.0 345.0 300
o) 20.0 20.0

115.0 85.3 R.3 100.0 150.0 135.16 100.0 80.0 82.0 125.0 50.
345.0 348.0 233.2 540.0 669. 0 579.% 710.0 280.0 230.0 815.0 650

Preparation of Man- [HA. | (G) - - - 738.0 738.0 - 677.0 - - 1,000.0} 1,000.0 - 1,000.0 250,0
agezent Plan of (1) - - - - - - son.0f 677.0] 1.6 | 615.0] 615.0] 3%.26] 00| 2500
Panchayat Protected (n) - - - - - - 500.0 500.0 500.0 250.0 300.0 311.5 193.0 250.0
Forest TOTAL - - - 738.0 738.0 - 1,672.0} 1,672.0 691 64 1,BR5.01 1.915.0 673.76) 1,733.0 750.0

Inmplementation of HA. (G) - - - 7.0 7.0 - 738.0] 738.0 - 1,415.0 500.0 - 255.0 250.0
Panchayat _Protected ) - - - - - - - 1,115.0 - 500.0 500.9 - 615.0 500.0
Forest Managerert o) - - - - - - - - - 500.0 450.0 450.0 250.0 250.0
Plan TOTAL - - - 7.0 7.0 - 738.0| 1,353.0 - 2,415.0} 1,450.0 450.0 1,120.0} 1,000.0

o ) " n ' 1 [ [ o e
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TABLE I~1
(Continued)

FOREST MANAGEMENT: TARGETS AND ADODMPLISHMENIS

FISCAL YEAR 1980-81 FISCAL YEAR 19B1-E2 FISCAL YEAR 19R-83 FISCAL YEAR 1983-84 FISCAL YEAR 1984-85
war/
ACTIVITY LCAIn | TO b1} ACC TO ™® AC TO ™R ACC T0 TR ACC ™ =
Mational Forest Ha. | © - - - 80.0 80.0 26.0 160.0]  160.0 2.0 265.0] 160.0] 1s0.0 no.0| 250
Plantation ) - - - 100.0 20.571 18.0 200.0f 200.0] 200.0 20.0] 100.0{ 100.0 25.0] 200
: tv) - - - 20.0 20.0 18.1 60.0 60.0 60.0 120.0 50.0 50.0 160.0 90.
TOTAL - - - 200.0]  120.57] . .1 | W@00| 400]  352.0 705.0]  310.0] _ 310.0 805.0] SA0.
Inplemcnzation of  |HA. | (G) - - - - - - | 25,670.0] 25,670.0 - 25,670.0} 25,670.0 - ]25,670.0}25,670.
Managezent Plan of () - - - - - - - |26,895.0 - ] 26,895.0{ 26,895.0 - | 26,895.0] 26,895.
National Forest 1)) - - - - - - - - - 6,398.0| 6,398.0 - 6,398.0] 6,398.
TOTAL = = = = = = [75,670.0] 52,565.0 = 58,963.0] 58,963.0 = | 58,963.0) 58,963,
Establishoent of HA. | (©) 1.0 - - 1.0 1.0 1.0 - - - - - - - -
Central Mursery 04) 1.0 - - 1.0 1.0 1.0 - - ~ - - - - -
jon) 1.0 - - 1.0 1.0 1.0 - - - - - - - -
TOTAL 3.0 = = 3.0 3.0 3.0 - = = = = = = p-
Comnity Seedling  |HA. | (6) 1L.4 5.0 5.0 38.6 38.6 63.2 63.2 2.62 %.5 70.0 70.0 12.8{ 710
Distritxgion ) - - - 11.8 *11.8 25.0 25.0 25.0 35.7 25.0 25.0 49.1 50.
o) 2.0 2.0 - 6.7 6.7 . 8.8 8.8 8.8 10.5 6.0 6.0 13.7 2.
TorAL | " 13.% 7.0 5.0 57.1 57.1 97.0 97.0 ¥.492| 10.7| 10.0] _ 101.0 185.6]  122..
Establishoent of HA. | 6) - - - - - - - - - - 5.0 5.0 4.0 4.0
Satellite Nursery ) - - - - - - - - - - 5.0 5.0 6.0 6.0
o) - - - - - - - - - - 5.0 5.0 4.0 4.0
TOTAL = - = < - - - - - = 15.0 15.0 14.0 1%.0
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TABLE I-1
{Continued)

FOREST MANAGEMEND: TARGETS AND AOOMPLISHMENTS

e et e e

" FISCZ, teAR 1980-81

FISCAL YEAR 1981-82

FISCAL YEAR 1982-83

FISCAL YEAR 1983-84

FISCAL YEAR 1984-85

ey

TO = original target

TR = revised target

war/

ACTIVITY LOCATION 0 ™= AC T0 TR ACC 10 R AC T0 R A 70 =R
Preparation of HA. | ) - - - - - - | 25,670.0] 25,670.0 - - | 25,670.0] 25,670.0} 25,670.0 - -
Mational Forest o) - - - - |26,895.0 - | 26,895.0} 26,895.0} 26,895.0 - - - - -
Managerent Plan o) - - - - - - 6,398.0{ 6,398.0] 6,398.0 - - - - -

TOTAL = = - - 1726,895.0 — ] 58,963.0) 58,963.0] 33,293.0 | 25,670.0] 25,670.0| 25,6700 - =
Species and Proven- |HA.| (G) - - - 10.0 10.0 10.0 15.0 15.0 15.0 20.0 - - 20.0 20.0
ancy Trial Plots ) - - - 10.0 10.0 10.0 15.0 15.0 15.0 20.0 - - 0.0 20.0
(plot size = 0.2 (12D} - - - 10.0 n.d 10.0 15.0 15.0 15.0 20.0 - - 20.0 20.0
hectare) TOTAL - - - 30.0 30.0 30,0 45.0 45.0 45.0 60.0 - - 60.0 60.0
Floodplain Plan- HA. | (©) - - - 40.0 40.0 0.0 40.0 10.0 10.0 40.0 - - 40.0 -
tation 04) - - - - .- - - - - - - - - -
o) - - - - - - - - - - -~ - - 10.0 |
TOTAL - - - 70.0 40.0 2.0 %0.0 10.0 10.0 40.0 = - 40.0 10.0 |

AC = final ccmplidﬁt

G = Corkha
Ha = Mayaydi
Mu = Mutang



Fifteen percent of its land ig arable. Myagdi has a high profile and has
costs generally higher than those in Gorkha because it is criss-crossed by
major trekking routes. (APROSC, 1979, v. II).

The table itself is organized such that the first five rows refer to
panchayat forests and their nurseries, the next four refer to panchayat pro-
tected forests, the next six to national forests and their nurseries, and
one row refers to floodplain plantations. Activities within each of these
are further divided such that there is one row for each political division.
The columns display anticipated and revised targets and accomplishments by
fiscal year. :

The act of setting the targets in Table I-l was initially begun by
either the district forest conservator from the Department of Forestry or
the catchmeant conservation officer from the Department of Soil Conservation
and Watershed Management, each in consultacion with the district panchayat.
The DFC and CCO took their recommendations to the headquarters of their
agencies which, in turn, took the recommendations to the National Planning
Council which set the targets. The target criteria are '"local need, local
population, remoteness, working season, amount of agricultural.land, man-
power, and budget'". The Department of Fores. ry and the Department of Soil
Conservation and Watershed Management, in conjunction with the National
Planning Council, make subsequent annual adjustments in the targets by com-
paring old targets with past accomplishmeats and new budgets. (This is a
process not dissimilar to the budget process of U.S. public land management
agencies.) The accomplishments recorded in Table I-l1 are from the semi-
annual reports to the South-East Consortium for International Development.
They were obtained from the progress reports of the various district forest
conservators and catchment conservation officers.

Table I-2 puts curreat land use and eventual targets in each of the
three political districts in further perspective. <Clearly Mustang has the
poorest land when compared with Gorkha and Myagdi. Comparison of Table I-l
with Table I-2 guggests that reported progress toward 15 year goals varies
considerably. For example, Table I-1 shows 284 (accomplished) hectares of
panchayat forest in Gorkha. This is approximately one-tenth of the Table
I-2 projection of an eventual 29 square kilometers or 2,900 hectares. 1In
contrast, Table I-1 shows 1,066 hectares .of panchayat protected forest in
Mustang. This is approximately one-third of the Table I-2 projection of an
eventual 32 square kilometers or 3,200 hectares.

3. Case Study: One Hectare Panchayat Forest

Panchayat forests are converted from publicly owned former forestland
and eroding pastureland. These lands are unforested and have only minimal
use as poor quality commons grazing land use before conversion to forest
plantations, half of whose objective is fuelwood and the other half fodder.

"Both outputs are expected to be consumed by members of the local panchayat

themselves., Therefore, this discussion of plhinchayat forests is divided into
two parts: first fuelwood, then fodder. Each part discusses costs and then
benefits. We emphasize a simulated panchayat forest in Gorkha because half
of all targets and half of all accomplishments to date occur in Gorkha (142
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TABLE 1-2

PRESENT AND 15 YEAR PROJECTED LAND AREA IN kM2

EVENTUAL TARGETS GORKHA MYAGDI MUSTANG
Cultivated Land (private) 308-290 143-135 39-38
Improved Pastures (private) 0-17 0-8 0-0
Pasture 135-69 286-229 549-514
Panchayat Forests 0-29 0-16 0-11
Panchayat Protected Forests 0-72 0-32 0-20
National Forests 328-257 | 301-269 84~64
National Plantation 0-37 6—40 | 0-24
Snow, Rocks, etc. 2-26 | 214-214 | 894-894

Source: APROSC, 1979, v. II.
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hectares in Gorkha, 155 in the combination of Myagdi and Mustang, see Table
I-1). We subsequently comment on panchayat forests in Myagdi and Mustang,
focusing on their differences from those in Gorkha.

a) Fuelwood Plantation

Table I-3 summarizes the standard panchayat forest fuelwood pianta-
tion costs. General refereace is to DOF contract specification costs by
timber management activities. These costs are an upper limit to the ex-
tent that winning contracts may be bid lower than these specifications.
Table I-3 excludes the salary of the district forest conservator on
grounds that it is a fixed cost. That is, the DFC is employed regard-
less of either the existence of RCUP or the addition of another hectare
of panchayat forest, The labor costs are the same as applied throughout
all chapters of this RCUP benefit-cost analysis. That is, unskilled
labor costs NR 12 per man-day in Gorkha. Since there is 56Z unemploy-
ment or underemployment in Gorkha this wage must be corrected to obtain
the true social cost of hiring a worker during the nine months out of
every twelve which might be considered the off-peak employment season.
Throughout the RCUP benefit-cost analysis we corrected by assuming a NR
6 per man-day off-peak shadow price of ‘labor.

There are five classes of timber managemeant activities including
(1) surveying the proposed panchayat forest, which means demarking
boundaries, and (2) purchasing seedlings from nurseries. Seedling
prices are obtained from the nursery assessment contained 1in the
appendix to this chapter. The DOF specification is for 2,500 seedlings
per hectare of which we assume 10Z die in handling. We also assume 30%
die in the ground during the first year and need replacement thereafter.
The third class »f timber management activities includes all silvicul-
tural operation:  that is, all activities designed to insure stand
establishment. ““u:y include clearing the land, marking the sites for
planting, diggi:y; pirn3 for the seedlings, and making fire lanes. This
collection of activities is often known as site preparation. Pitting
itself is unusual to our western world and to northern hemisphere fores-
try. It is designed to break up the clay and to make it water perme-
able, thereby giving the seedlings a better chance at survival. Silvi-
cultural operations also include the transportion of seedlings from the
nursery, as well as planting and then replanting in the second year
vwhere there have been failures in the first year, and weeding in each of
the first two years in order to reduce natural competition and to im-
prove seedling survival. There is no gdod experience outside the terai
with any of these silvicultural operations. The somewhat experimental’
Australian project in Chautera offers the only comparable insight to
date in Nepal's hills. We might expect the cost of silvicultural opera-
tions to decrease below those shown in Table 1.3 as RCUP and other
forestry projects gain experience in hill forestry.

The fourth timber management activity includes -fencing, protection

and maintenance. If panchayat management is successful in overcoming
the open-access problem, then there should be some question as to

o e ————
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TABLE I-3

PANMHAYAT FOREST FUELWOCD PLANTATION QOSTS: (DRHLAII

O05TS IN MR DISCOUNTED

NOMINAL | SHADG'

ACTIVITY MAN-DAYMA | SEASON?/| YEARS | 1LABOR | LABOR | CAPTTAL | TorAL
Survey (Demarcation) 7 off 1 & 42 - 42
Seedlingsy/ (2,500 + 10%)/ - peak 1 - - Lm | o1
ha 30% Replacement - peak 2 - - |° 33 323

Silvicultural Operations

Site Clearing 7 off 1 & 42 - -
Site Marking 5 of f 1 60 30 - -
Site Pitting (1 ft3/) €2 of £ 1 754 377 - -
Fire Lanes 5 off 1 60 30 - -
Transporting Seedlings 30 peak 1 360 360 - -
Planting 35 peak 1 420 420 - -
Beating Up (30%) 30 peak 2 7 27 - -
Weeding 25 off | ‘1,2 572 286 - -
Fencing/ - of £ 1 2,700 | 1,350 | 1,300 | 2,650
Maintainence (Guard)®/ %5 all | a1 | 2,601 | 1,6® - | 1,62
Management Plang - v - - - - - -
TOTAL (social cost) . 7,751

1/ Sources unless otherwise specified: HMG, Ministry of Forestry and Soil Conservation (#SC) undated.
Standard Norms for Rate Analysis. Kathmandu and DFC's T.B. Prajapati and K. Bhatterai.
2/ Refers to.peak or off-peak seasons for agricultural employment, the alternative employment for these labor
3/ Discussed in Appendix (MFSC calculates at MR .31/seedling. We calculate at MR .43/seedling).
4/ Estimated by D. Upadhya, IFC and M. Wagley, 000, Corkha: stone; MR 6,400/100 runnirg meters and
barbed wire; MR 4,900 to MR 7,000/100 running meters. ¢
5/ Same source as footnote 4. Calculated at one guard per 10 ha employed 365 days per year at a finan-
cial wage of NR 12 per day. Three wonths of the year are peak season.

L



whether fencing is even necessary. Nevertheless, most existing pan-
chayat forests in Gorkha are fenced along those boundaries where live-
stock have easy access. Fifty percent of the fencing is barbed-wire and
50% stone walls. One-third of the cost of erecting barbed-wire fences
is labor; all of the cost of erecting stone fences is labor. Mainte-
nance, like fencing, 1is a protection-oriented activity. That is, the
only maintenance that is done on panchayat forests is protection agaiast
trespags. Therefore, standard maintenance means the hiring of a guard
to keep out both fuelwood harvesters and foraging livestock. In most
villages, local social pressures are sufficient to minimize unplanned
fuelwood cutting. Management plans themselves are the final class of
timber management activity. For uncertain reasons (to us), the general
design of RCUP forest management includes no management plan for pan-
chayat forests. It only includes management plans for panchayat protec-
ted forests and for national forests. Nevertheless., if management plaas
are necegsary for one it seems reasonable that they would be necessary
for the others. It is difficult to anticipate the precise cost of such
management plans. APROSC (1979, v. 2, p. 168) anticipates NR 20 per
hectare for national forests and NR 25 per hectare for panchayat protec-
ted forests. 1In contrast with these estimates, faculty from the Insti-
tute of Renewable Natural Resources charge NR 50-55 per hectare for pre-~
paring forest management plans.

The discounted sum of the costs of establishing a fuelwood planta-
tion in Gorkha are NR 7,751, Interesting comparison can be made between
these costs and those estimated by the World Bank for similar projects
in Nepal. The World Bank data are not strictly comparable because some
of their estimates are project-wide while others are for one hectare
"standard" panchayat forests (Prichard et al., 1980, p. 16 and Annex 7,
Table 3). World Bank stand establishment costs are NR 894 and compare
with our NR 1,872 (Table I-3). The difference. lies the Bank's much
lower estimated wage (NR 4 per man-day) and its disregard for any cost
of transporting seedlings from the nursery to the forest. Beyond estab-
lishment costs, the Bank and RCUP differences apparently emphasize wage
payment differences, although the Bank also does add a smell fee for
tools and water. The Bank includes payment for trained technicians,
i.e., the DFC and CCO. (We include no wage for trained technicians on
grounds that they arec already employed-regardiess of the RCUP supported
plantations. Their employment status does not change with the addition
of a panchayat forest.) Furthermore, the Bank projects employment of

forest guards at less than full-time whi}e we project full-time employ-

ment of guards.

This emphasis cn labor cost differences suggests that we might con-
sider the potential for cost savings in future RCUP panchayat forest
establishment. In particular, we might inquire into the possibilities
of reducing the ferncing requirement, decreasing the transportion costs
associated with seedlings, and decreasing the amcunt of repeat planting.
Each of these is a labor intensive operation. Furthermore, this insight
into the significance of labor costs provides several interesting sug-
gestions for the eventual research component to the RCUP project. It



suggests coet sgavings from research designed to increase the seedling
survival rate and to increase the facility of planting. Moreover, this
information suggests that panchayat forests are most reasonable where
there are strong institutions, that is strong local panchayat govern-
ments, which would enable a smaller protection expenditure, therefore
smaller fencing costs and a lesser requirement for forest guards. Iden-
tifying the panchayats with a stong internal structure is probably dif-
ficult. It requires local insight. Perhaps Peace Corps Volunteers,
District Forest Conservators, and Catchment Conservation Officers can be
helpful here. . '

(1) Benefits

The benefits of panchayat forest fuelwood plantations include
those from anticipated fuelwood production as well as those antici-
pated from by-products of the plantations, i.e., grass and forage
for livestock as well as erosion control gains due to placing
formerly open and eroding land into forests. To these benefits we
subtract either the annual land rental value or this value corrected
for any improvement in land quaILCy due to local erosion control.

The benefits of each of these items are equal to their przbe per .

unit times their unit yields.

Fuelwood species and anticipated yields vary. Species include:
ficus spp. (which is mostly used for fodder), pinus roxburghii (chir
pine), leucinia (mostly fodder, an exotic) bauhinias spp. and melia
(bakaino). Yield tables of the sort which we must depend upon gen-
erally overestimate actual yields. They assume normal yields and
full stocking and neglect the likelihood of losses due to trespass,
fire, and disease. That is, they make the unreasonably generous as-
sumption that all goes right between the initial planting and the
final harvest dates. On the other hand, the cpportunity for using
exotic species which' produce greater yields may compensate for this
overestimation problem. The only real source of improved yield
estimates is, however, time and conszderably more extensive sampling

of existing stands.

Against this background of uncertainty in yield estimation we
might examine the scattered.evidence on yields which has been pre-
viously collected in other studies. APROSC (1979, Annex E, App. 15,
p. 210) projects 95 metric tons per hectare or approximately 137
cubic meters per hectare in a 20 ypar rotation for the two lower
elevation districts (Gorkha and Myagdi). ‘The Hill Community Fores—
try Project estimates 72 metric tons per hectare at age 10 for plan-
tations (App. 3, p. 14). An IRNR class field trip found field data

at Chautera for nine year old stands. The class projected 10 year
yields as follows: '

Yield in metric tons per hectare

Stand Type - (Age 9) (Age 10)
broadleaf : ..o 21.3 23.7
mixed 17.7 19.7

conifer (chir pine) 26.0 28.9

L]



These broadleaf yields are from good sites and good soils where
the pines cannot compete. The conifer data are from ridgetops and
poor sites. It should also be noted that chir pine grows slowly
relative to tropical (exotic) species. The facts that these are
chir pine and on poor sites both suggest that greater yields may be
possible for plantations. Exotic yields may be greater yet.

For our fuelwood yield estimates we assumed an indigenous spe-~
cies and estimated 30 to 70 metric tons per hectare for 10 year
rotations in the lower elevation districts. An even greater vsuge
may be possible although our personal judgemeant is that 70 metric
tons is probably too high in the hill country of Nepal. We chose
the 10 year rotation despite the preference of APROSC and various
World Bank studies for rotations approximating 20 years. Trees
attain four to five inches dbh (10 to 12.5 e¢m) in ten years and are
easier to cut for fuelwood at this size. Indeed, it is our observa-
tion that villagers prefer trees of this size for fuelwood and would
probably harvest their panchayat forests around this age. Therein
lies our justification for 10 year rotations.

Fuelwood prices are even more problematic. The market prices
we observe are prices in the bazaars and not prices on the stump and
even these bazaar prices vary considerably from community to commun-
ity. Our casual evidence from the bazaars in Myagdi is that fuel-
wood prices range from NR 12 to 25 per bari (approximately 25 kilo-
grams) and are highest near the main trails. Prices decrease as we
move north to less populated areas or as we move to more abundant
regions with more available fuelwood which generally means regions
further from the main trails. (There is also a seasonal fuelwood
price increase during the monsoon.) (J. Wood, pers. comm.) Table
I1-4 surveys additional evidence for fuelwood prices (as well as
prices of other products from fuelwood plantations). The sources in

the Table I-4 survey suggest prices in the neighborhood of NR 7 to-

19 per bari, prices somewhat lower than in the Myagdi bazaar.

The facts that prices are rising through time and near the main

‘trails and, furthermore, that baris are getting smaller explain a

preference for higher expected fuelwood prices at the end of the 10
year rotation. The fact that wood is more abundant and, therefore,
watershed erosion is probably less a problem away from the main
trails suggests that panchayats further from the main trails have

less need for RCUP's panchayat forestry effort, This observation,

defends any political tendency to help the more accessible panchay-

‘ats. Following this self-advice, our benefit-cost analysis consi-

ders fuelwood prices as if the future panchayat forest effort is
concentrated near the trails. That is, we consider pricqs at the
bazaar in the range of NR 12 to 25 per bari. From this price range

we deduct labor expenditures equaling one day round-trip carrying
time and ‘chopping time in order to' obtain our preferred stumpage

price range of NR 6 to 19 per bari.

T
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TABLE I-4A

KEY VARYABLES: FPRICES IN NR

VARLABLE

VALLE

SOURCE

[

Fuelwood Price

Leaf Fodder Price

Grass Price

Timber Price

Kg. M3 Wood

Land Price

i) Rs. 11.17/25 kg.
ii) Rs. 6.69/25 kg.

iii) Rs. 520M3 F 19.26/25 kg.
(Shadow Price)

iv) Rs. 10/30 kg, » 8. 33/25 kg.

v) Rs. 10/25 kg.

vi) Rs. 148/M35,28/25 kg

vii)

i) Rs. 5.72/25 kg.

ii) Rs. 27.75Mr 0.69/25 kg.
(Shadow Price)

iii) Rs. 3.0/25 kg.

iv) Rs, 22.5MT 20,5625 kg.

i) Rs. 5.15/25 kg.

ii) Rs. 13.3MT & 0.33/25 kg.
(Shadow Price)

iii) Rs. 3/25 kg 0. 56/25 kg.

iv) ‘

i) Ras. 211.86M3 3 Rs. 6/fc3
ii) Rs. 8,0/ft3 3 28,5043
iii) Rs. 11.0/ft3 SRs. 388.50
iv) Rs. 284.09/M3

i) 700
ii) 600
iii) 675
Use 700 kg/M3

i) Pasture Rs. 2,000/gop
Bari Rs. 4.-6000/vop
Khet Rs. 6~12,000/rop
ii) Rs. 2,000/rop
1ii) Ra. 2,000/rop for bari land

Campbell and Bhattarai 1983
Economic Survey, HMG Ministry
of Finance, 1983/84

World Bank 1980

APROSC
Fex.
World Bank 1983

Campbell and Bhattarai 1983
World Bank 1980

APROSC, 1979
World Bank Terai Project 1983

Campbell and Bhattari 1983
World Bank 1980

World Bank Terai Project 1983

APROSC, 1979

Y.R. Sharma

K. Kanel's Estimate
Leuschner

APRCSC
Fox. o
Leuschner

Campbell's Informal Survey
as quoted by Leuschner

SECID 1979
Gorlkha Land Reg:.sttat:mn
Average Price

[}
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TABLE 1-4B

KEY VARTABLES: YIFLIS

VARIABLE VALUE SOURCE
Fuelwood ,
a. Panchayat Forest 1) 93 Ha. age 20, 25 APRCSC 1979 Appendix
(Fuelwood) MAL 20 =6.783Ma.,

b. Panchayat Protected
Forests

c. HNational Forests

Leaf Fodder
a. Plantation

MAL 25 = 5.433Ha.

ii) M3Ma. at Year 14 plus
16M3Ma. at Year 16 = 10.3IM3/
Yr.Ma. (MAI)

iii) 73MrHa. Yr. 20 and 25
MAT 20 5.21M3M1a.

MAT 25 4. 1M3Ma.

iv) 2108Ma. »5.293Ma. /Yr.
Excludes IM3/Yr, Ma. of poles
and sawlog

v) Age S, 20 MIMa. »28,5MMa.
Age 11-36, 8 MCMa./Yr. ¥ 11,423/
Ha.

1) Year 1-16 9 1.63Ma.

Year 17-30 # 5.3 Ma.
ii) 0.33 (greater than 0.24/ha)

iii) 3.23Ma. after year & (lower
region)
2.47%3Ma. after year &4 (upper
~ (region)
i)  3.2a3Ma. afrer year & {lower
region)
2.47193Ma. after year 4 (upper
region)

i) 25 kg. /l‘ree-Yr. 6-9 for lower
region
ii) 50 kg [Tree-Yr. Above 10 for lower
region
25 kg [/Tree=Yr. 9-{4 for upper
region
50 kg. /Tree~Yr. 15 for upper region
iii) Year 5, 3Mr'Ma. '
Year 6, 1M Ma.
Year 7, 30 Ma
Year 8-30, 60MI'Ma. /Yr.
iv) 4 to M Ha,
v) Age 1-5, 2MT Ha, /Yr.
Age 6-36, 5.6MI'Ma./Yr.

| APROSC 1979

World Bank 1980 (pp. 43)

World Bank 1983

Hill Development Forestry
Project

World Bank 1980

Applegale guess
APROSC

Volume include timber ard
fuelwood - APROSC

Volure include timber and
fuelwood = APROSC

APRSC

k‘orld Bank 1980 anat:e
Planting

World Bank 1983 Terai
Hill Forestry Developmznt: i
Project ;

e \o\‘ -3




TABLE I-4B
(Cont inued)

KEY VARIABLES: . YIELIS

VARTABLE

VALUE

SOURCE

b. Panchayat Prorected
Forests

c. National Forest

Improvement

Grass - Without Plantation

- With Plantation

i) at age 5, 0.&TAMa.
age 6, .M Ha.
age 7, 3.8THa.
age 8-30, 7.MrMa.

i) age 1-5: 1.4 MTHa
6-10; 1.6 MTHa.
11-15: 3.7 MrMa.
15-30: 3.3 MTHa.

i) MrAHa.

ii) 4aMrMa.

iii) 2MrMa.

iv) MrHa.

v) M Ha

i) 500 kg./GMa./Yr. for Year 1-3
(250 kg./G¢Ma. Nr. for upper
region)

ii) 4aMrMa./Yr. for Year 1-5
2.5 MTMa. /Yr. Two Year 6-10
1.0 M Ma. /¥r. Two Year 11-16

World Bank 1980 Table 3,

Hill Forest Development
Project

APROSC 1979
World Bank 1980

G. Campbell
Rajbjandari
World Bank 1983 (terai)

APROSC, RCUP

World Bank 1980 pp. 43




v There is probably no price effect from the increase in fuelwood

yields due to panchayat forest production. If there were a price
effect then it would show up in the tea shops where demand is more
elastic. . Local subsistence farmers have a relatively inelastic
demand for fuelwood as it is .i basic necessity.

Let us, nevertheless, consider further the potential for a
price effect, The RCUP objective is to establish 125 hectares of
panchayat forest per local panchayat. One-half of these would be
for fuelwood. With 10 year rotations, this means there would be
6.25 additional hectares of fuelwood harvested per year per pan-
chayat, or 187.5 to 281.3 additional metric tons per panchayat per
~year. If the panchayat population falls in the range of four tc
five thousand people and each person burns .6 to .7 metric tons an-
nually, then the entire population burns twenty-four to thirty- five
hundred metric tons per panchayat per year. At this rate, 125 acres
of panchayat forest would add 7.5 to 8% to annual fuelwood consump-
tion (Levenson, 1976). We might hypochesize that this 7.5 to 82 in-
crease is insufficient to effect price substant1ally, particularly
given the opportunity to transport some fuelwood to neighboring
areas which may not have additional panchayat forests (at least for
the next several years). Certainly there is some opportunity to
transport fuelwood to the high' demand areas near  the trekking
trails. EEEIEETE

Finally, let us consider the forage, erosion coatrol and final
land values. Without panchayat forests this same land would be poor
pastureland producing perhaps three metric tons of forage per hec~
tare per year. With the protection from uncontrolled grazing of
domestic livestock provided by panchayat forests there may even be
an increase in forage production during the first five years of the
timber rotation. Forage would decrease, however, in the second five

years after tree crowns begin to close. This second five year

decrease may be somewhat offset by the fact that the land itself is
of higher quality. That is, it will hold water better after forest
establishment and, therefore, may coantinue to grow some forage.
Nevertheless, we make the conservative assumption of no change in
forage production during the first five year period 'and a loss of
one metric ton per hectare per year from what would have occurred in
,che second five years of the fuelwood rotation. If the price of
Eodder is NR 5.15 per kilogram (see Table I-4) and one person car-
"ries four baris or 100 k1lograms per day and charges a shadow wage
of NR 6 per day, then the price on the stem of 100 kilograms of fod-
der should be NR 14.6. The value of the one metric ton of forage
foregone per hectare per year for each year in the second five years
of the timber rotation would be NR 146, ~Accumulating and discount=-
ing across the fxve years y1e1ds a forgone dxscounted revenue of NR
344,

DR
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The decrease in soil erosion includes a previously unaccounted
for decrease in downstream suil sedimentation. This is probably a
minor value for any single hectare. APROSC estimated it to approxi-
mate NR 12 per hectare per year or a preseat value of NR 88 for the
discounted value of the perpetual tlme stream (APROSC, 1979, App. L,
Table &4, p. 49). ' .

To obtain the land value, we compared the curreant use value of
the land with the discounted value of the good forestland which this
land might become after 10 years of panchayat forest management.
That is, the initial value in the land's current use is the value of
forage on the stem divided by the interest rate, which equals NR 146
per hectare divided by .l or NR 1,460, The final value (from Table
I-4) for the good pastureland that would remain after one forest
rotation is equal to NR 2,000 per ropani or NR 40,000 per hectare.
Discounted at 10Z for the 10 year fuelwood rotation, this is NR
15,420. The difference between initial value and discounted final
land value is a gain of NR 15,420 - 1,460, or NR 13,960. For sensi-
tivity, we also consider land of one-half this final value. In
either case, conversion of poor pastureland to panchayat forestland
for the 10 years of one timber rotation has a substantial positive
effect on land value.

(2) Net Revenue

The discounted net revenue for one hectare of panchayat forest
fuelwood plantation is the discounted sum of the price times the
yield for both fuelwood and forage outputs minus the sum of their
discounted costs, plus the erosion control and land value differ-
ences, also properly discounted. Table I-5 summarizes these costs
and benefits for plantations in Gorkha. It distinguishes between
financial and (shadow) social costs and it distinguishes benefits
for each output, all in Nepali Rs. in present value terms. Where
questions may exist about a cost or a range may exist in our esti-
mates for either benefits or costs, then Table I-5 displays both
high and low values. Table I-5 also displays benefit-cost ratios,
subject to these variations in value estimates, which summarize our
. judgment of the effect of RCUP' '8 panchayat forest fuelwood planta-
. tion effort in Gorkha.

Lhe conclusions to be derxved from these benefit-cost ratios
are generally favorable. Indeed, if we shadow value unskilled wages
during the nine months per year when there is approximately 502
unemployment or underemploymeat, then only the extreme cases fail to
. produce a satisfying social benefit-cost ratio (greater than one).
Whenever and wherever we can conserve on labor in any way, then the
benefit-cost ratio exceeds one -- regardless of our yield and output

price estimates. Thus, we can say with considerable confidence that
. panchayat forest fuelwood plantations can be socially Justxfxable
enterprises in Gorkha. i

Under a conservative future estimate scenario we might antici-
pate that strong local institutions prevent trespass thereby
removing the fencing requirement and reducing the initial labor
requirement to 170 man- days per hectare. (This is not "a best
estimate of past performance because that estimate would reflect
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TABLE 1-5

GORFHA
PANCHAYAT FOREST FUEIWOOD PLANTATION BENEFITS AND (OSTS
(IN DISCOUNTED NRAMA)

SENSITIVITY FACTORS ESTIMATES
QBTS FINANCTAL SOCTAL
(1) TI-3 Base Case 11,686 - 7,751
(2) Without Fencing ' 7,686 ¢ 5,101
(3) Reduce to 160-180 Man-daysMa 10,262 6,887
(4) Reduce to 170 Man-daysMa Without Fencmg 6,262 4,237
BENEFITS ! Lo HIM
(1) Fuelwood .
a. Price : 6/25 kg. 19/25 kg.
b. Quantity 30 ML Ha . 70 MTHa
¢. Total Fuelwood Revenue 2,776 - 20,510
(2) Forage %4 0
(3) Erosion Control S 88 . 88
(4) Land Value 6,260 = . 13,960
TOTAL BENEFITS 8,780 34,558
© FINANCIAL . © SOCIAL
BENEFIT/OCST _RATIO IR HIGL 107 HIG
(1) Base Case '- 75 2.9 113 4.46
(2) Conservative Future Estimate: 1.7 , 2.6
Cost Case (4), Fuelwood Yield 35 MTHa,
Fuelwood Price NR 15/bari and Land Value
MR 3,000: total benefits, MR 10,839

[E SIS




cost estimate (1), not cost estimate (4) or its sssociated and
recommended wiser choice of 3trong panchayat management.) A conser-
vative expected benefit estimate might anticipate 35 metric tons of
fuelwood (for Len year rotations) which then sells at NR 15 per 25
kg. These costs and anticipated benefits plus the lower bound on
land value yield both financial and social benefit-cost ratios con-
giderably in excess of 1.0 - i,e., 1.7 for the financial and 2.6 for
the social benefit-cost ratio.  Panchaya. forests in Gorkha are
activities with which. all involved should expect to be pleased over
the years. Expanding the targets for this RCUP activity would be a
reasonable decision so long as new panchayat forests are chosen with
an eye to the labor cost and institutional criteria mentioned
above, ‘

(3) Panchayat Forest Fuelwood Plantations in Myagdi and Mustang

Tables I-6 and I~7 summarize the fuelwood plantation costs for
Myagdi and Mustang, respectively. They compare with Table I-3 for
Gorkha. Tables I-8 and I-9 summarize the benefits and costs associ-
ated with Myagdi and Mustang fuelwood plantations, respectively.
They. compare with Table I-5 for Gorkha., The major differences in
these tables have to do with wages and with outputs. Nominal wages
for Myagdi are NR 16 per day and for Mustang are NR 22 per day. The
shadow wage retains the same proportion to the nominal wage for
Myagdi and Mustang as it did for Gorkha. That is, for nine months
out of twelve the shadow wage is one-half the nominal wage. Any
change in outputs between Gorkha and either Myagdi or Mustang must
focus on fuelwood. Forage, erosion control and land value are items
of lesser magnitude. It is reasonable to expect that forage produc-
tion in Myagdi would be the same as in Gorkha because the areas are
topographically similar. It is also easy to assume that the change
in forage value in Mustang due to fuelwood plantations is the same
as in Gorkha because the Mustang production is so small, therefore,
any different assumption would have small impact on our outcome.
Similarly, any change in erosion control from the impact we observed
in Gorkha would have small impact on our final benefit-cost ratios
for either Myagdi or Mustang. '

The impact of land value may be moderatly greater, however.

Comparable land values may be somewhat greater in Myagdi and Mustang
than -in Gorkha because the areas in question may be nearer the heav-
ily used trekking routes in Myagdi and in Mustang they may be among
the few land areas of any agricultural value, Nevertheless, our em-
pirical observations suggest that a range in land values of NR
15,000~30,000 per hectare of good pastureland may be reasonable.
(This range actually overlaps that for Gorkha.) Good pastureland
identifies the improved coadition of the panchayat forests if they
were to be coanverted to other use after one fuelwood rotation.
Therefore, the value of good pastureland is a good proxy for the

undiscounted final value of the:land after panchayat forest timber

rotations.
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Fuelwood values in Myagdi and Mustang deserve greater atten=-
. tion., . Market prices of fuelwood range from NR 12-25 in Myagdi and
.~ NR'20-30 in Mustang. The greater price in Mustang is explained by
the greater hauling cost. If much of the fuelwood burnt in Mustang
is hauled from Myagdi then an increase in hauling time to as much as
2.5 days per bari is not unreasonable. ' This leaves a very wide
possible range for stumpage values. Reasonable stumpage values for .
fuelwood collected near the towns might range from NR 6 -19 per bari
in Myagdi and NR 14-24 per bari in Mustang.

Physical yields of fuelwood also change as we move from Gorkha
to Myagdi or Mustang. Because these latter:  areas are dryer, the
initial forest plantings are spaced further apart, approximately one
geedling per every 2.5 square meters. This greater sgpaci., implies
a decrease in yield by five metric tons per hectare in Myagdi. The
even greater dryness occurring as we increase elevation to Mustang
suggegts either smaller yields yet or an addition of, perhaps, three
years to Mustang fuelwood rotations producing the same yields at
harvest as in Myagdi. In general, anticipated rotations remain
approximately one-half of those recommended by APROSC because that
matches the preferences of the local fuelwood consuming public."

v e

As the greater spacing suggests fewer trees per hectare it also
suggests a reduction in the man-day requirement for -silvicultural
operations from 231 man-days per hectare in Gorkha to 132 man-days
in Myagdi and Mustang. The 2.5 square meters spacing is the recom-
mendation of the catchment conservation officers in Myagdi and
Mustang. It contrasts with an APROSC recommendation of 2.0 square

.meters for these districts. The greater spacing, therefore fewer
seedlings planted, 1is enough to offset increased labor costs per
worker hour in Myagdi. This can be seen by comparing costs of
silvicultural operations in Myagdi with those in Gorkha (Table I-6
with Table I-3), The greater spacing 1is not enough to offset
Mustang wages which are higher yet. (Compare costs of silvi=-
cultural operations in Table I-7 with those in Table I-3.)

The net effects can be seen by comparing the benefit-cost
ratios at the bottoms of Tables I1-8 for Myagdi and I-9 for Mustang.
The . Myagdi results are quite comparable to those for Gorkha. The
range of both financial and social benefit-cost ratios are similar
to those for Gorkha, as are the estimates for our conservative
future estimate. The conservative future estimate should be
instructive for setting new targets.’' It suggests our opinion that a
reduction in fencing 1is advisable and that, where the village
panchayats are strong enough to enforce panchayat forest ptotectxon,
then the social gain from panchayat forests in Myagdi may be in the
neighborhood of NR 2-4 for every NR l invested. Expanding targets
for Myagdi's plantations could be a good idea.

b~
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TABLE I-6l

, PANMAYAT FOREST FUELWOOD PLANTATION QOBTS: MYAGDL .

OBTS IN MR DISCOUNLED

NOMINAL | SHADOW
ACTIVITY MAN-DAYHA | SEASON | YEARS LABCR LABOR CAPITAL | TOCTrAL
Survey (Demarcation) 7 off 1 112 56 .- 56
Seedlings (2,500 + 10%)/ha - peak 1 . 1,496 1,203 1,003 1,003

30% Replacement - peak 2 * 408 2713 |, 273 273
Silvicultural Operations - off - - - 1,620

Site Clearing 5 off 1 .+ 80 40 - -

Site Marking 3 off 1 48 2 - -

Site Pitting (1 ft) 40 off 1 640 - 20 .- -

Fire Lanes 4 off 1 64 2 - -

Transporting Seedlings 19 peak 1 04 309 - -

Planting | 22 peak 1 352 352 -

Beating Up (307) 19 peak 1 304 30 -

Weeding 16,16 off 1,2 * 489 244, - -
Fencingl/ - off 1 3,500 | 1,750 | .. - | 1,750
Maintainence (Guard) 365 all all 2,588 2,243 - 2,243
Management Plans - - - - - - -
TOTAL (social cost) 10, 385 6,945

1/ Fences of stone walls only. Source: K. Shesthra, C00, Myagdi. .




TABLE I-7

 PANGIAYAT FOREST FUEIWOCD PLANTALTON Q06TS: M(TANG

- OSTS IN NR DISOOUNTED
- ACTIVITY MAN-DAYMA | SEASON | YEARS LARCR .| LABCR CAPITAL | TOTAL
' Survey (Demarcation) 7 off .| 1 154 77 - 77
) Seedlings (2,500 + 10%)/ha - peak 1 2,073 1,003 . 1,003 1,003
B 30% Replacement - peak 2 565 273 -, 273 273
= Silvicultural Operations - off - - ‘o - 2,223
Site Clearing 5 off 1 110 50 - -
Site Marldng 3 off 1 6 | 13 - -
Site Pitting (1 ft) 40 off 1 880 440 ' - -
Fire Lanes 4 off 1 88 44 - -
Transporting Seedlings 19 peak 1 418 418 - -
© Planting 22 peak 1 486 484 - -
= Beating Up (30%) 19 peak 1 418 418 - -
Weeding 16, 16 of £ 1,2 67 33 - -
Fencingl/ - off 1 4,000 | 1,500 | 1,000 .| 2,500
™ | Maintainence (Guard) 365 all all | 4333 | 2,05 | - | 295
St
Management Plans ~ - - - - - -
TOTAL (social cost) 14,261 8,991

~ 1/ Fencing cost: stone walls MR 46/m
- barbed wire NR 38/m
average price: MR 42/m

L/
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TABLE I-8

MYAGDT
PANHAYAT FOREST FUELWOOD PLANTATION BENEFITS AND CKETS

(IN DISCOUNTED NRHA) |
) SENGTTIVITY FACTORS o ' FSTIMATES \
O0BTS ' : FINANCTAL SOCTAL
(1) TI-6 Base Case ‘ 10, 385 6,945
(2) Without Fencing 6, 885 5,195
(3) Reduce to 90-110 Man-daysMa 9,343 6,229
(4) Reduce to 100 Man-daysAHa Without Fencing 5,843 4,479
(5) Case (4) But Reduce Seedling Costs By 257 5,367 4,160
(6) Protection Only, (Natural Regeneration),
Without Plantation, Yo Fencing 2,700 - 2,299
BENEF LTS W HIGH
(1) Fuelwood
a. Price 6/25 kg. 19/25 ke.
b. Quantity ' 25 MTHa 65 MTHa
c. Total Fuelwood Revenue 2,314 19, 045
(2) Forage . ) - =297 0
(3) Erosion Control 88 88
(4) Land Vhlug ' 3,263 10, 306
TOTAL BENEFITS ' 5,368 29,439
. FINANCIAL S&IAL
BENEFIT /(ST _RATIO IR I L0 HI®
(1) Base Case 2 2,83 .77 426
(2) Conservative Future Estimate: L7 2,22
Cost Case (4), Reduce Land Value to MR
2,500, Fuelwood Yield 30 M Ha, Fuel- .
wood Price MR 15/bari: total benefits,
R 9,320 -




Cost Case (4), Fuelwcod Yields 30 MiMa,
Fuelwood Price MR 19/bari and othar
benef:.n of low estumtes' total
benefxtl, R 9, 349 ol :

. ,..m.'l-.n . N

TABIE I-9
MUSTANG
5 PANHAYAT FOREST FUELWOOD PLANTATICH FENEFITS AN UOBTS
n; . m‘f,},.,i"j.’) ' I (IN DISOOUNTED NRMA) .
', SENBITLVITY FACTORS . ESTIMATES
0TS FINANCIAL - SOCIAL
(1) TI~7 Base Case 14,261 8,991
(2) Without Fencing ! 10,261 6,491
(3) Reduce to 90-110 Man-daysMa 12,84 8, 124
(4) Reduce to 100 Man-daysMa Without Fencmg 8 84 5,624
(5) Protection Only, (Natural Regeneration)
Without Plantation, No Fercing 4,487 2,992
[
BENEFITS ‘ Lo HI
(1) Fuelwod -+ . Y
a. Price . ' "" ‘ 14/25 kg. ,26/25 kg,
b. Quanticy ‘ 25 MTHa 15 MrHa
c. Total Fuelwood Reverue . 4,055 18,075
(2) Forage =344 0
(3) Erosion Control 83 - 88
(4) Land Value 1,501 5,846
TOTAL BENEFITS ‘ 5,300 24,009
F'ImeAL S&IAL
. BENEFTT/QOST RATIO o [0\' HI(H IUA' Hml
(1) Base Case ' .37 1.68 .59 2.67
(2) Conservative Future Estimsate: ' 1.00 1.57

] LI
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Mustang is different, however. Panchayat forest establishiment
may be a socially beneficial investment in Mustang, but the range of
our benefit-cost ratio starts lower and does not extend as high.
Apparently the higher labor cost and lower yields more than offset
the expected increased price per unit of fuelwood output in Mustang.
In sum, expanding panchayat forest targets in Mustang is probably a
good idea, but choice of location for Mustang's forests is more
important than choice of location in Myagdi or Gorkha. Near the
villages and near trekking trails and on good land panchayat forests
in Mustang may be a very good idea -- where the local panchayat is a
strong institution (and if there is no higher valued use for the
land).

b) Panchayat Forest Fodder Plantation

-
i

The general objective of these plantations is to produce fodder for

livestock. Nevertheless, the output of these plantations includes not
only fodder, but also fuelwood produced from the boles of the trees at

the end of their productive lifetimes, or after the annual fodder output
diminishes. There are also by-product outputs of erosion control and
some forage from the forest floor. The land for these fodder planta-
tions, like the land for panchayat forest fuelwood plantations, origi-
nates from mostly publicly-owned former forestland and eroding pasture-
land. The intention is to convert this mostly public land to fodder
stands for management by and for the village panchayat.

The data for our fodder plantation assessment originates from known
contract costs and actual observations. In general, our fodder planta-
tion presentation will be briefer than the fuelwood presentation because
there are so many similarities between the two. Again, we use Gorkha as
our basic model. As we observe new panchayat forest fodder plantations
in Gorkha, however, we believe that they are planted too densely.
Therefore our Myagdi assessment with the correct density of trees per
hectare provides a good contrast with what ‘is actually happening in
Gorkha, We also have a final comment on fodder plantations in Mustang.

The fodder plantation costs are basically similar to those for fuel-
wood. There is a difference, however, in the species used, Fodder
plantations generally plant ficus spp, praximus floribunda, bauhinia
dariegala, leucaena leucephala, or arrocarpus spp. These are all broad-
leaved species. Seedlings have been planted approximately 2,500 .per

hectare in Gorkha. This is approximatley the same as for fuelwood plan-:

tations and is too great if fodder is the intended product. Fodder
trees should be spaced further apart than fuelwood trees in order to en-
courage crown growth and, therefore, larger fodder yields. The recom-
mended spacing is approximately 816 seedlings per hectare (3.5 x 3.5
meter spacing). This recommended spacing not only should increase
fodder yield but also should decrease, costs in comparison with the
denser fuelwood plantings. In this assessment we use the 2,500

»
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seedlings per hectare from our Gorkha observations for the Gorkha
benefit~cost estimate and the recommended 816 trees per hectare for our
Myagdi and Mustang observations. (Mosc plantations to date are in

Gorkha but we might expect greater concentration in Myagdi in the

future.) All other costs are identical to those we observed for Gorkha

panchayat forest fuelwood plantations. The Gorkha costs are reviewed in
Table I-10, the Myagdi and Mustang costs are reviewed in Table I-11l.

The outputs from panchayat forest fodder plantations are fodder,
fuelwood at the end of the 30 year rotation, grass .(forage), erosion
control, and some change in the land value. We chose 30 year rotations
because the physical productivity of fodder is very low for trees older

than 30 and, furthermore, the discount factor overwhelms all benefits'

beyond the 30th year.

Age Fodder Yield Fuelwood Yield

0-5 0 : o - =
6-10 : 25 kg/tree x 816 trees/ha .0

11-30 : 50 kg/tree x 816 trees/ha .- 0

30 0 35 MT/ha

Sources: vHill-ForeSt; p. 50 and APROSC, Annex E, p. 39

Panchayat forest fodder plantationé produce the same amount of grass

or forage in their first five years as they would have if they had re-

mained poor pastureland unconverted to fodder trees. Subsequent to the
fifth year, grass or fodder production declines due to shading from the
new tree crowns but it increases because the trees hold the ground water
better than the previous poor pastureland did. We assume these two

‘impacts balance each other out in the second five years of the fodder

plantation. Subsequent to the teath year, the impact of shading domi-
nates and there is a further decrease in grass or forage production per
hectare. We assume that hetween year 10 and year 30 the grats produc-
tion decreases one metric ton per hectare per year.

We make the same assumptions about erosion control as for the pre-
vious panchayat forest devoted to fuelwood in Gorkha. Similarly land
values are as they were for fuelwood plantations except there is greater
discounting of the final value because fodder rotations are 30 years for

fodder instead of 10 years for fuelwood. Prices are the same for pan-~’

chayat forest fuelwood plantations for both grass or forage and the
fuelwood output. Fodder price requires closer examination. Fodder
costs approximately NR 5.75 per 25 kilogram load in the market. (See
Table I-4. The World Bank price is low because it is derived from milk
prices which were unusually low at the time of the estimate.) If the
average person can carry eight loads pen day to the market and his/her
shadow wage is NR 6 per day then this coaverts into a fodder price at
the site of NR 5 per 25 kilogram load.

e i
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TABLE I-10

PANMAYAT FOREST FODDER PLANTATICN OCBTS: GORRHA

0515 IN IR DISOOUNLED |
NOMIMAL | SHADOW

ACTIVITY MAN-DAYHA | SEASON |  YEARS LABOR LABOR CAPTTAL | TOTAL
Survey (Demarcation) 7 off 1 & 42 - Q2
Seedlings (2,500 + 10Z)/ha - - 1 - - L1 | 1,1&
30% Replacement - - 2 - - - 33 23
Silvicultural Operations - - 1- - - - 1,87
Site Clearing 7 off 1 84 42 - -
Site Marking 5 off 1 60 30 - -
Site Pitting (1 ft) 62 off 1 754 377 - -
Fire Lanes 5 off 1 60 30 - -
Transporting Seedlings 3G peak 1 360 360 - -
Planting 35 peak 1 420 420 - -
Beating Up (30%) 30 peak 1 327 327 ‘- -
Weeding 25 off 1,2 572 286 - -
Fencing - off 1 2,700 1,350 1,300 2,650
Maintainence (Guard) 365 all all 2,691 1,68 - 1,68
Management Plans - - - - - - -
TOTAL (social cost) 7,751




PANHAYAT FOREST FODDER PLANTATION CBTS:

TABLE I-11

MYAGDT AND MIBTANG

OBTS IN MR DISCOUNLED
NOMINAL SHADOY
ACTIVITY MAN-DAYHA | SEASON | YEARS LABOR LABOR CAPITAL TOTAL
rvey (Demarcation) 7 of £ 1 112-140 57-70 - 57-70
edlings (2,500 + 102)/ha - - 1 - - 351 351
0% Replacement - - 2 - - 127 323
lvicultural Operations - - - - - - 863-1, 066
Site Clearing 7 off 1 112-140 . 57-70 - -
3ite Marking 4 of f 1 64~80 32-40 - -
iite pitting (1 fr) 20 off 1 - 324405 162-203 - -
Fire Lanes 5 off 1 64-80 2-40 -
Iransporting Seedlings 9 peak - 144-180 144~180 - -
Planting 11 peal 1 176-220 176-220 — -
seating Up (30%) 12 peak 1 174-218 174218 N -
{eeding 5 off 1,2 152-190 - 76-95 - -
. ' R 1 ,
cing - off 1 3,600-4, 500 1,800-2_,250 - 3, 100-3, 550
‘ntainence (Guard) 365 all all | 3,588-4,485 | 1,7%-2,243 | 1,300 | 1,7%-2,243
“-sement Plans - - - - - - -
AL (social cost) 6,292-7, 007

rat
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We have no firsthand information for making adjustments in these
Gorkha estimates to reflect prices, costs and output levels in Myagdi -
and Mustang. Instead we assume that Myagdi and Mustang outputs and
prices are consistent with other experiences except for the spacing
modification previously mentioned. Myagdi should compare with what
Gorkha would be except with the less frequent spacing. Mustang's re-
sults should reflect the higher altitude, shorter season, dryer climate,
and more difficult access., Mustang also reflects the use of different
fodder species (populus and celix), higher wages, and different prices.
Nevertheless, these differences between Mustang and Gorkha are consis-
tent with the differences we observe for panchayat forest fuelwood plan-
tations between Mustang and Gorkha. The one exception is that we now
have to incorporate fodder price. Our estimates of fodder prices at the
tree are NR 2-5 per 25 kilogram load in Myagdi and NR 5-10 per 25 kilo-
gram load in Mustang. Table I-ll reports our costs estimates for pan-
chayat forest fodder plantations in Myagdi and Mustang.

In summary, the benefit-cost analysis for panchayat forest fodder
plantations is stroangly favorable in all three districts.. There is
little doubt about Gorkha where the benefit-cost range is from .99 to,

.3.13. In Myagdi and Mustang the range of the benefit-cost -analysis is .

exteanded at both the high and the low ends relative to its range in

Gorkha. The conservative future estimate social benefit-cost ratio,

however, is well over 3 in all three districts. It is most impressive

for Gorkha where the previous costs have beean unnecessarily high due to

excessive planting in each hectare and yet the benefit-ccst ratio is

still high. Reducing the excessive plaanting to 816 seedlings per hec-
tare only raises the benefit-cost ratio further yet.

In general, panchayat forest fodder plantations are socially profit-
able investments. They are even more socially profitable than the pan-
chayat forest fuelwood plantations appear to be. The important factors
in the selection of future panchayat forest fodder plantations targets
are seedling spacing and the anticipated price of fodder at the tree.
Of course, distance from the market can have-a lot to do with the price
of fodder at the tree and, therefore, distance has a lot to do with the
choice of best locations for panchayat forest fodder plantations.

Summary, Conclusions and Implicatioas to Future Targets

Paﬁchaydt‘forest establishment is a generally socially wise inveé:ment,

whether for fuelwood or for fodder. The benpfit-cost analysis of both fuel-
wood and fodder plantations suggest that previously established plantations
have bean generally well chosen and that expansion of future targets for
these plantations is probably a good idea in all three districts =-- parti-
-cularly if targets can be expanded in areas near the larger villages and
trails, or where final product prices are high and transportation costs can
be minimized. There is, nevertheless, some uncertainty in our predictions

t
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TABLE I-12
PANCHAYAT FOREST FODDER PLANTATION BENEFITS AND OUSTS

SENSITIVITY FACTORS ESTIMATES
QOREBA MYADL MEBTANG
osT1S FINANCIAL SOCIAL FINANCIAL SOCIAL FINANCTAL SOCIAL
. (1) TI-10 (Gorkha) & TI-11 Base Case 11,638 1,751 11,788 6,292 ~l2,416 7,007
(2) without Fencing 7,686 5,101 5,388 3,192 6,616 3,857
(3) Reduce to 63 Man-daysHla (170 in Gorkha) 10,262 6,887 - 9,96 6,069 11,988 7,113
{4) Reduce to 63 Man—daysHa ‘\'ltl'l)t.t ‘Fenclng C
(170 in Gorkha) 6,262 4,237 5,046 2,969 6,188 3,614
BENEF [TS . W HIGH W HIQ 1oy HIG
(1) Forage:
a. Price 5/Ke. 2/Kg. 5/Kg. 5/Kg. 10/Xg.
b. Total Fodder Revenue 7,999 21,830 3,201-8,732 7,999-21,830% 5,632-15,061 11,264-30,122
(2) Fuelwood 963. 2,006 963 2,106 1,605 2,507
(3) Erosion Control - 83 88 88 88 88 88
(5) Fodder (Grass) 479 0 413 0 -532 0
(4) Land Value -887 316 -539 458 -2,708 -2,062
TOTAL BENEFITS 7,684 24,240 3,300 24,482 4,085 30,655
- ’ - FINANCIAL SOCIAL FINANCTIAL SOCIAL FINANCTAL SOCIAL
BENEFIT/COBT RATIO E HIA I.L'l\' HICH I_g'_ HIM _Iﬂ\l HIH L‘\: HIA Lﬂ: HIA
(1) Base Case .66 2.07 .99 3.3 | .28 2.08 .52 3.89| .33 247 .58 4%
(2) Conservative Future Estimate: 2.31 3.41 2.36 4.01 2.12 3.64
Cost Case (4) : )
Benefits: Lower Land Value, Lower Fodder
Value |
Forage Price (Gorkha 5/25g., Myagdi -
~ 4/25kg. , Mustang 7/25kg .
Forage Yield:
Yr. 6-10: 10MCMa, Gorkha & Myagdi
10-30: 15MTMa, Gorkha & Myagdi
Yr. 9-14: 1MrMa, Mistang
15-30: 1sMrAia, Mostang
Fuelwood Price at age 30 (15/25 kg.:
Gorkha & Myagdi; 25/25 kg : Mistang)




. and there are arcas where cost savings can be made in future pla-: ans.
The uncertainty stems from the difficulty of predicting future fuelwood and
fodder prices and yields. This will always be a problem inhereat in price
estimation, but yield estimates can be improved wi:th more sampling of erist~-
ing stands. Such sampling is something which may occur as more well-trained

foresterg become established in the field and as IRNR faculty begin their

own research projects. The potential cost savings invariably arise from re-
duced use of labor in panchayat forest management. This labor reduction can
come from a decrease in excessive silvicultural effort, as from increased
spacing, thereby decreased planting and stand establishment costs for fodder
plantations, or it can come from effective enforcement against trespass by
the village panchayat. 1If enforcement comes in the form of peer pressure
and common understanding by villagers of the gains to be had by all from
good paachayat forest management, then expenditures for fences and for
forest guards can be decreased.

We have yet to consider panchayat protected forests, national forests

and floodplain forest establishment. Panchayat protected forests represent
a case generally similar to panchayat forests. They may be either fuelwood
or fodder plantations. The difference is that panchayat protected forests
originate from curreant forestland rather than from initially unstocked land,
as do the panchayat forests. Panchayat protected- forests, therefore, do not
require initial silvicultural investments to the extent required by pan-
chayat forests. Some silvicultural investment for stand establishment is
necessary, however, to the extent that these current forests are sparcely
stocked with standing trees. It is difficult to make a general estimate of
the costs of such cases because these costs vary with the curreat stocking
in each new panchayat protected forest. Each is different from all others
in this respect. Panchayat protected forests, like panchayat forests,
become the responsibility of the village panchayat. Thus they provide the
same solution to the open access problem as provided by the panchayat
forests. And for the same reason, panchayat protected forests work out best
where village panchayats are strong and expenditures for fences and guards
can be minimized.

National forests and floodplain plantation establishment pose a differ-
ent problem because their objectives vary somewhat from panchayat forests
and panchayat protected forests and because the village panchayats do not
have responsibility over these forests. The objective of national forests

is to produce timber. The objective of floodplain plantations is to aachor
the soil and to protect the floodplain from further erosion. Fuelwood and.

fodder are only byproducts of national forests and of floodplain planta-

tions. The costs of establishing either 'national forests or floodplain: :

plantations should be comparable to the cost of establishing panchayat
forests as shown in Tables I-3, 1-6, and I-7 or I-10 and I-ll with the spe-
cial caveat that protection against trespass is an all-important variable.
Since national forests and floodplain plantations are the responsibility of
- HMG agencies and not of the village panchayats, they do not solve the open
access problem. Therefore, a full comPlement of fencing and guards
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is necessary in order to permit successful management of the national
forests and the floodplain plantations. These forestg are wise investments
only where protection is easy and not where either livestock or fuelwood and
forage harvesters can easily capture the forest product unchallenged. Thus,
choice of the best locations for national forests and floodplain plantation
establishment requires good knowledge of local terrain and of the strength
of authority of the local CCO or DFC responsibile for enforcing the law
regarding harvesting and forest boundaries.
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APPENDIX I-A

NURSERIES

Table I~A.l shows nursery construction costs in Gorkha for a 25,000 see
(509M2) nursery fenced either with barbed wire or stone walls. Table -
shows seedling production costs once the nursery has been constructed. To o
production costs per seedling we first annualize the nursery coanstruction .
(assuming it will completely depreciated without maintenance in five years), .,
add the seedling production costs and, finally, divide by 25,000, the aumb:_
seedlings produced. Tables 1-A.3A and I-A,3B review this calculation for £
cial and economic costs per seedling. The difference between financial~
economic costs depends on whether wages are shadow-priced at half the m:
price for the nine month off-peak season. The eccnomic cost per seedling i
0.43 and the financial cost ranges from NR 0,64 to 0,67 depending on the fe:
around the nursery.

We have overlooked the opportunity cost of the land used for the nurse:
our calculation because it is negligible for a 0.05 ha. pasture plot, partict
ly since the quality of the plot is improved during its use as a nursery. -
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TABLE I-A.1

NURSERY CONSTRUCTION COST
GORKHA DISTRICT

This is a Panchayat nursery. Its capacity to produce seedlings is 25,000
per year. The area required for this nursery is 509 square meters. The cost
details are given below:

MAN-DAYS ToraL costl/
S.N. DESCRIPTION OF WORK AMOUNT REQUIRED | SEASON (R)

1. Site clearing of 509 M2 .

(30% slope) | 509 M2 10.18 off 122.16
2. Five nursery bed construction

(22.5 x 4 m?), thickness 0.6M 270 43 is1.2 off | 1,814.40
3. To f£ill these beds with 50cm

thick concrete 5 beds 3.3 off 39.60
4, Cover seed beds with unscreened .

soil (0.03% thick) 0.75 ¥ 0.36 off 4,32
5. Cover these beds with screened 3

soil from the forest (0.75M 2.25 M 0.45 off 5.40

thici) . :
6. To cover the transplanting seed

beds with Scm thick concrete

stones . 3.5 M3 1L.5 off 138. 00
7. Cover these transplanting seed

beds with 2.5M3 thick soil from

the forest area 1.75 ¥ 0.35 off 4.20
8. Construct the frames of there

beds (10) with stones 5.50 ¥ :

a. Skilled Laborer | | L6 . 49,50/

b. Unskilled Laborer - - 4,95 off 59.40
9. Make irrigation (small) channels | N

along the nursery beds or (soil '

___ for drainage) 5.64 M 2.76 off 33.12

-1/ Unless specified otherwise, the market wage rate of the unskilled laborer in Gorkha
is 12/man-day. ‘
2/ The wege rate of skilled labor is NR 30/man—day in Gorkha.
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TABLE I-A.l
(Cont inued)
NURSERY OONSTRUCTION QST
QCiRIA DISTRICT
MAN-DAYS ‘| TOTAL Q08T
S.N. DESCRIPTION OF WORK AMONT REQUIRED | SEASON (wR)
10. Water Supply
a. Polythene pipe of 300M long '
and 12cm dianeter 20 m. - - 2,250, 00
b. Transportation cost of this
pipe - 2.0 off 24.00
11. Soil moved for water reservoir
tank 3.95 M3 2.21 off 26.52
12. Masonry work for the construc-
tion of water reservoir '
a. Collection of stones 2.64 M3 3.9 off 47.52
b. Transportation of stones 2.64 M3 2.64 off 31.68
c. Mason (skilled worker) @ MR
30/man~day 2,64 M3 1.87 off 56.10
d. Labor 2.64 M3 3.85 off 46.20
13. Construction of the distri-
bution (water) tank
a. Soil working 4.27 ?& 2.39 - 28.68
b. Stone wall and other 2.3 M
i) stone collection 2.3 M3 3.45 - 41.40
ii) stone transportation 2.3 M; 2.30 - 27.60
iii) mason (skilled labor) 2.3 M 1.95 58.50
iv) laborer 2,313 3.9 46.80
c. Cement concrete worker
i) stone collection and
transportation 0.18 M3 0.64 - 7.68
ii) cement (@ MR 150/day) 1.43 bags - - 214.50
iii) sand 0.079 1.62 - 19.44
iv) skilled worker (mason) 0.18 M 0.25 - 7.50
v) stone rubbles 0.16 Mg | L8 - 22.32
vi) laborer 0.18 M 0.76 - 9.12
d. 12M.M Cemeat plaster (at
1:2 ratio) 5.61 M3 \
i) cement o.oaaug 'Ll - 165.00
ii) eand : 0.0:8 M 0.79 - 9,48
iii) skilled laborer @ NR )
. 30/day 1.06 31.80
iv) laborer 1.06 12.712
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TABLE I-A.l
(Continued)
NURSERY (DNSTRUCTION OOST
GORKHA DISTRICT
MAN-DAYS TOTAL 05T
S.N, DESCRIPTION OF WORK AOUNT | REQUIRED | SEASON | (W)
14, MNursery hut (college) con-
struction (to store the equip-
meat)
a. Pillars (wooden) @ MR 9 - C - 270.00
30/piece
b. Transportation 9.0 off 108.00
c. Rubber, ropes, etc. 10.0 off 120.00
d. Other - 15.0 off 1,800.00
FINANCIAL OOBT SOCTAL GBT
1-14 SUBTOTAL in MR ‘ '
a. Unskilled worker 2,728.76 1,364.38
b. Skilled worker 203.40 203.40
c. Materials 3, 199.50 3,199.50
SUBTOTAL 6,131.66 4,767.28
15. a. Stone wall around the 31.95 M3 17.89 off 214.68
nursery .
i) Digging the soil for
foundation
il) Masonry worker
(a) mason (skilled work{ 74.55 M 52.93 - 1,587.90
er) @ N 30/day .55 | 105.8 - 1,269.60
(b) laborer
(c) stone extraction 93128 | 209.65 2,515.80
and collection 1 - 25.00
(d) barboo poles
FINANCIAL QST SOCIAL QST
15a in MR
a. Unskilled worker 4,000. 08 2,000. 04
b. Skilled worker 1,587.90 1,587.90
¢., Materials 25.00 25.00
SUBTCTAL 5,612.98 3,612.%
15. b. Barbed wire fencing around R
the nursery 3
i) wooden post @ MR 120/ 15.3% ft,
fr. (0.63% ¥°) - - 1,840.80
ii) checking the poles - 6.3 - 75.60
iii) barbed wire @ 20/kg. 54.15 kg. - . 1,083.00
iv) U nail - - - 20.00
- v) Straightened the wire \
(barbed) and other - 10.15 - 121.80




TABLE I-A. 1

(Continued)
NURSERY QONSTRLUCTION (UST
GORRHA. DISTRICT
MAN-DAYS | TOTAL Q0BT
S.N. DESCRIPTION (F WORK AMOUNT REQUIRED | SEASON (s.)
FIMANCIAL OOBT SOCIAL Q6T
15 in NR
a. Ungkilled worker 197.40 98.70
b. Skilled worker - -
¢. Materials 2,943.80 ) 2,943.80
SUBTQOTAL 3,131.20 3,042.50
FINANCIAL Q0BT SOCIAL OO5T
Total Nursery Construction Cost With
the Stoae Wall Fencing ‘
a. MNursery Construction 6,131.66 4,767.28
b. Stone Wall Fencing 5,612.98 3,612.9%
TOTAL 11, 744. 64 8,380.22
. Add 10% Contingency 1,17.46 838.@.
GRAND TOTAL ’ - 12,919.64 9,218.24
Total Nursery Construction Cost With
the Barbed Wire Fencing Around
a. tursery Construction 6,131.66 4,767.28
b. Barbed Wire Fencing 3,131.20 3,042.50
TOTAL 9,262.86 7,809.78
Add 10% Contingency 926.28 780.97
GRAND TOTAL 10, 189. 14 8,590.75

P 2
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TABLE XA.2

SEEDLING PRODUCTION COST

25,000 SEEDLING/YEAR
FROM PANGHAYAT NURSERY

NURSERY CAPACITY:

Annual seedling production cost excluding the cost of nursery construction.

TOTAL XFT
DESCRIPTION (F WORK MAN-DAYS SEASON 0
1. Seed collectior 10.00 off 120.00
2. Soil collection from the forest
area 81.40 off 976. 80
3. Sand collection 40,40 off 484.80
4. Mixing soil with sand, etc. 25.00 | off 300.00
5. Filling the polythena bags with ‘
appropriate soil and sand 125.00 off 1,500.00
6. Sowing of seeds in the seed bed 30.00 off 3%60.00
7. Trensplanting seedlings in the _ :
polythene beg 90.00 nff 1,080.00
8. Weeding 10.00 of £ 120.00
9. Grading of seedlings 5.00 off 60.00
10. Prunning 5.00 off 60.00
11, Construction of shades over the
seedlings 40,00 of £ 480.00
12. Nursery foreman 3%0.00 all © 4,320.00
13. Polythene bags (56.25 kg.) @
M 401/kg 2,250.00
3
‘I0TAL Financial Cost 12,111.00
Social Cost 7,720.80
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TABLE IA.3A

FINANCIAL COST CALCULATION PER SEEDLING
NURSERY CONSTRUCTION COST
(NR) FOR 25,000 SEEDLING

Total Cost l Annuity
With Stone Wall Fencing: ' 12,919.64 3,408.17
With Barbed Wire Fencing: 10,189, 14 2,687.87

Seedling (25,000) Production Financial Cost: 13,322.10

With Stone Wall wich Barbed Wire

Fencing of the Nursery Fencing Around the Nursery
Construction Cost 3,408.17 : 2,687.87
Production Cost 13, 322.10 : 13,322.10
16,730.27 16,009.97

Per Seedling Cost ' 0.67 0. 64 .
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TABLE IA.3B

ECONOMIC COST OF SEEDLING

Asgume that the economic life of a panchayat nursery is 5 years provided no

maintenance is undertaken.

The social cost of the nursery construction alone:

a. with stone wall fencing: NR 9,218.24
b. with barbed wire fencing: NR 8,590.75

Then applying the capital recovery formula, its discounted annual cost is:

a. with stone wall fencing: NR 2,431.75
b. with barbed wire fencing: NR 2,266.22

The total social cost of seédling produccion'for 25,000 seedlings is:

With Stone Wall
Fencing of the Nursery

With Barbed Wire

Fencing Around the Nursery

Construction Cost ‘ 2,431.75

Production Cost 8,492.80
10,924.55

One seedling Cost (NR) 0.43

+ 2,266.22
_8,492.80
10, 759. 02

0.43
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Appendix 1B
Total Net Annual Benefits: Past and Projected

Tables 1B.l and 1B.2 display our present net benefit estimates in thou=-
sands of Nepali rupees for the bulk of all RCUP forest management activi-
ties. Table 1B.1 provides estimates for the first five years of the Pro-
ject, or through fiscal year 1984-85, while table 1B.2 projects estimates
for the next ten years. Each table is comparable to table 1.1 in the
managemeat activities which it lists and the political districts; Gorkha,
Myagdi and Niustang; among which it divides the managemeat activities.
Benefits and costs for the first four years through fiscal year 1983-84 re-
flect the accomplishments for each year (as shown in table 1.1} Benefits and
costs in the fifth year reflect an assumption that all revised targets for
fiscal year 1984-85 (as shown in table 1.1) are accomplished. In all cases
the benefits, costs and preseant net benefits reflect the one timber rotation
discounted time stream anticipated for those benefits or costs on the rele-
vant hectares, the hectares moved into the specific management activity in
the year in question. These benefits and costs repeat themselves every tim-
ber rotation. They do not reflect only the curreant benefits or costs occur-
ring in that year. Total net discounted benefits for all RCUP activities on
all hectares introduced to managemeat in a given year are shown at the
bottom of the final page of tables 1B.l1 and iB.2.

Within table 1B.1, panchayat forest (fuelwood) benefits reflect the
conservative future estimates for those benefits established in tables 1.5,
1.8 and 1.9 for Gorkha, Myagdi and Mustang, respectively. The panchayat
forest (fuelwood) costs reflect base case costs from the same tables. These
costs already have been incurred at this time. They reflect none of our
recommendations for improved future management. Panchayat forest (fodder)
benefits and costs are taken from table 1.12 in an identical manner. Pan-
chayat forest management plans are not accounted for in these tables. We
mentioned a NR 20-25 per hectare cost in the text itself, however, and .apply
the NR 20 estimate in the fourth row of table 1B.l. Appendix lA estimates
nursery costs and seedling values so that all nurseries just break even.
Table 1B.l1 coatinues the break-even assumption -- implying zero present anet
value for nurseries.

Panchayat protected forests are comprised of intermediate aged and
intermediate stocked timber stands returned to panchayat management from
national forest management. It is impossible to ideantify generalized bene-
fit or cost streams to these forests until the indeterminate beginning of
their second rotations. We arbitrarily assume that these second rotations
begin in the fifth year after panchayat management begins. Panchayat pro-
tagtad forast demavcation and management plan costs are one time oaly costs
attached to the establishment of the panchayat protected forest., We assume
they compare, on a per hectare basis, with panchayat forest demarcation
(tables 1.3, 1.5 and i.7) and management plan costs.
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National forest plantation benefits and costs might be similar to those
of panchayat forests except for the open access problem attached to national
forests. . Open access suggests no impact on costs but a loss of benefits.
Therefore, we estimated national forest costs as equal to panchayat forest
(fuelwood) costs and national forest benefits as equal to the lower estimate
of panchayat forest (fuelwood) benefits. National forest management plans
are comparable to panchayat forest. management plans. Nurseries, once more,
break even. Floodplain plantations are treated identically to national
forests, They suffer the same open access problem.

Table 1B.2 requires calculation of per hectare estimates as well as
discounted benefit and cost estimates, For the estimates of numbers of hec-
tares we referred to table 1.1 which shows accomplishments to date and to
table 1.2 which shows fifteen year RCUP projections., Subtracting one from
the other yields the remainder of hectares to be brought into each category
of RCUP management in the remaining ten years. We asked what the discounted
net benefit stream would be if one-teanth of this remainder were brought into
RCUP? management in each year. ‘

The only changes in discounted benefits and costs were as follows: We
assumed that our advice from the body of this chapter is taken regarding
choice of locations for future panchayat forests and panchayat protected
forests. Therefore, their per hectare benefits remain the coanservative
future benefit estimates from tables 1.5, 1.8, and 1.9 for fuelwood and from
table 1.12 for fodder. Their per hectare costs become the preferred cost
estimates (with fewer fences and fewer forest guards) shown at the bottom of
these same tables.

The final calculations show net social gains for all years except fis-
cal year 1982-83. The reason net gains were negative that year and are only
marginally positive in the following year is that the preparation of nation-
al forest management plans i3 so very expensive in those two years. Our
projects, assuming full accomplishment of the hectarage goals in table 1.2
and assuming RCUP managers choose to follow our advice, are very positive
for all future years.’ This implies a positive overall benefit-cost ratio
for the increment of all RCUP forestry activities.




TARIE 1B-1

FOREST MANAGEMENT: OBTS AND BENEFITS (in 1000'a of RIPEES)

" F.3CAL YEAR 1980-81

FISCAL YEAR 1981-a2

FISCAL YFAR 1982-83

FISCAL YEAR 1983-84

FISCAL YEAR 1984-85

war/

ACTIVITY LOCATION )] C v B [+ myv B C v B c mv B c Ry
hayat Fotest HA. | (G)* 43.3 3l.0 12.3 162.6 116.3 46.3 357.7 255.8 101.9 433.6 310.0 123.6 5%1.9 387.6 154.3
a2lwoad) (A )> 212 12.4 5.7 n.8 55.6 18.2 175.4 1.0 43.4 249.2 182.5 . 61.7. 507 263.9 86.8

ou)> - - - 112.2 107.9 4.3 116.9 112.4 4.5 168.3 161.8 _6.5 168.3 161.8 6.5
TOTAL 6h.4 4R.4 18.0 348.6 279.8 68.6 | . 650.0 500.2 149.8 851.1 659.3 191.7 1060.9 811.3 242.6
- hayat Forest HA. | (G) 57.8 31.0 26.8 216.7 116.3 100.4 476.8 255.8 221.0 577.9 3ia.o 267.9 n2L4 387.6 334.8
“dder) ) 29.7 15.7 14.0 95.2 50.3 4.9 226.2 119.5 106.7 1.5 169.9 151.6 452.4 2%.1 213.3
(1)) - - - 157.9 8.1 73.8 164.4 87.6 76.8 223.6 119.1 104.5 223.6 119.1 104.5
TOTAL 82.5 46.7 40.8 469. 8 250.7 219.1 867.4 462.9 404.5 1123.0 599.0 524.0 138.4 745.8 652.6
-rchayat Forest HA. | (G)
~dover )
o)
TOTAL
acation of M= |HA. ] (G) 0 - - 0 28 2.8
: unent Plan of on) 0 1.5 -1.5 0 1.0 -1.0
ranchayat Forest on) 0 .21 - .25 0 .5 -.5
TOTAL 0 1.71 -1.75 0 4.3 4.3
cablishment of HA. | G)
- achayat Nursery 04)
0.09 hectare) ()
TOTAL




TAALE 1B-1

. (Cont inued)
FOREST MANAGERMENT: OSTS AND BBNEFITS (in 1000's of RUFEES)
FISCAL YEAR 1980-81 FISCAL YEAR 1981-80 FISCAL YEAR 190-83 | FISCAL YFAR 1953-8% FISCAL YEAR 1984-85
war/
ACTIVITY LOCATION B c Y B c Y B c mv B c MWV B c Y

Establishaent of HA. | (@)

Panchayat Protected 0n)
Forest [171)]

Demarcstion BA. | G 0 2.5 2.5 0 S.7 .7 0 4.2 <.2 0 12.6 | -12.6
o) 0 5.2 -5.2 0 17.3 -17.3 0 56 1. -5.6 0 16.8 | -16.8
on) 0 6.3 -6.3 0 10.4 -10.4 0 6.2 -6.2 0 3.8 XN
TOTAL 1%.0 =1%.0 0 .5 =33.4 0 16.0 -18.0 0 0.2 | 332

Preparation of Men- {HA.| (@) - - - - - - 0 so | =.0:

agement Plen of 1 0) 2 3.8 -3.8 1] 7.2 -7.2 0 5.0 -5.¢
Panchayat Protected ) 0 10.0 -10.0 0 6.2 -6.2 0 5.0 5.
Focest TOTAL ~ 0 13.8 -13.8 ] 13.4 -13.4 0 5.0 | -is
Implementation of HA. | G)
Panchayat Protected )
Forest Managemet o) -
Plan TOTAL
1
KN
. -3
[ 3

ae




TARLE 1B~}
(Cont inued)

FOREST MANAGRIENT: OISTS AND EENEFITS (in 1000's of RIPEES)

FISCAL YEAR i980-81

FISCAL YPAR 1981-&2

FISCAL YFAR 1982-83

FISCAL YEAR 1983-84

"FISCAL YEAR 198485

NIt/ . .
ACTIVITY LOCATION B c mv B Cc myv B H nv B c BV B c BV
Racional Forest HA. } (G) '28.3 201.5 26.8 807.8 713.1 %.7 1406.8 | 12502 164.6 | 2195.0 | 1937.8 251.2
Plantation -1 ) 96.6 125.0 -28.4 | 1073.6 | 1389.0 =315.4 536.8 6%.5 -152.7 | 107.6 138%.0 | -315.4
o) 9.9 162.7 -71.8 318.0 5%.5 -221.5 265.0 449.5 -184.5 477.0 509.2 -332.2
TOTAL 420.8 494.2 <13.5 | 219.5 | 2641.6 ~42.2 2206.6 | 2364.2 -177.6 | 3745.6 | 4136.0 |-390.4
Implexentation of  |BA. | ()
Manageent Plan of (HA) :
Rational Porest o)
: e TOTAL
Establisheent of  |HA. | ()
Central Mursery . j o)
()
TUIAL i
Camunity Seedling  |HA. | (6)
Distribution ()
- on)
TOTAL
Fstablishment of BA. | @)
Satellite Rursery . 1o
o) -
TOTAL
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TARIE 1B-]
{Coat imed)
FOREST MRAGRMENT: (OFTS AD EENRPITS (in 1000's of RUPEES)
FISCAL YEAR 1980-81 FISCAL YFAR 1981-8& FISCAL YEAR 1982-83 FISCAL YEAR ]1983-8% FISCAL AP 198485
INIT/
ACTIVITY LOCATION B [ Y B c nv B C 3,4 B C Y B c BNV
Preparation of BA. | (G) - - - 0 513.4 513.4
Kational Forest 04) 1] 537.9 -537.9 - - -
Management Plan on) 0 128.0 ~128.0 - - -
TOTAL 1] &85.9 565.9 S13.4 S13.%
Species and Proves~ |HA. | (G)
ancy Trial Plots )
(plot size = 0.2 o)
heczare) TOTAL
Floodplain Plan— HA. | (G) 281.0 248.0 3.0 87.8 7.5 163
tation o) - - - - - -
ow) - - - - - -
TOTAL Z81.0 | 248, 3.0 81.8 77.5 10.3
~ GRANE TORAL 53.8 259.3 5680 3.8 452.3
G = Gorkha
MA = Myapdi
M) = Mustang

-617..
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TAKE 1B-2
FOREST MAN\GRMENT: AGGRECUTE BENEFITS AND OBTS, PROUECTED (in 1000's of RUFEES)
1985-86 86-87 ~87-83] &8-89 | 8990 50-91 SI-2 | -1 %-95
uarr/
ACTIVITY LOCATION |Hectares B c i3 v RV mv RV v 23 nv BN
Panchayat Forest BA. | G | 1308 WK1.1 554.2 862.9 &2.9
(Fueluood) oAy] 205 650.7 315.8] 3.9 33%.9
ou)*)  41.3 2.2 266.0 176.2 176.2
TOTAL ~2510.0] 1196.0| 13%.0 1374.0
Panchayat Forest HA.| {©) 130.8 1889.8 554.2] 1335.6 1335.6
(rodder) o) 70.5 89.3] 209.3} 630.0 630.0
0w) 47.3 2.2 170.9] 451.3 451.3
TOrAL] ™ 3 | SoL.3] 5.4 2416.9 18.5
Panchayat Forest - HA. | (6)
Handover 0a)
(11))
TOTAL
Preparation of Man~ |RA.| (G) 251.6 0 5.2 5.2 5.2
sgemect Plan of on) 141.1 0 2.8 -2.8 2.8
Panchayat Forest o) %.6 0 1.9 -1.9 -1.9
TOTAL| 437.3 0 9.9 9.9 9.9
Ratsblistmont of HA. ] @)
Panchayat Nursery (1))
(0.09 hectare) ow)
TOTAL | 1
i
1
wi
o
[ ]
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TARIE 1B-2
(Cont inued)
mm: AQXCRECATE FENEFITS AND (ISTS, PROJECTED (in 1000’a of RUFEES)

19856 ] B7-B3] &89 | 530 5091 5
WNIT/
ACTIVITY LOCATION |Hectares B e nv R - v BV RV BV mv v
Establidment of HA. | @ WS | 3666 ln.a| %2 229%.2
Protected ) 8.1 n0.9}] X9.8] .1 .1
Forest (Fuelwood) - on) 46.7 43.6] 262.6] ".174.0 174.0
TOTAL[ 472.3 | 4924.1|. 208.8| 2639.3 2839.3
. cocablismerc of  fBa )@ | 05| swmor| wma| 3ses 8.3
Panchayat Protected o) 78.1 ®9.8] 231.9] 6929 . 692.9
Forest (Fodder) on) 46.7 614.3] ° 168.8]  445.5 445.5
’ TOAL| AT2.3 | 65h.8] IB/S.1Y  4&0L.7 56317
Demarcazioa - |HA. | @
. () -
ev)
A TOTAL
Prepacation of Man- |HA.| ()
agement: Plaa of 04) -
Panchayat Protected o)
Forest: TOTAL =
Irplexentation of HA. | (G)
Panchayst Protected 0R)
Forest Managerent o) -
Plan TOTAL




TABIE 1B-2
(Continued)
FOREST MANAGEMENT: AGGREGATE BENEFITS AND (0STS, PROJECTED (in 1000's of RUPEES)
- 1985~86 86-87 87-88 B83-89 { r, 89-90 50-91 9}~ R-93 939 94-95
NIt/
ACTIVITY LOCATION {Hectares ] c B .3 mnv | .mwv v PV v 20 W BV
Natienal Forest HA. | (G) 317.2 2785.0 | 2458.6 6.4 326.4
Plantation _ 04) 348.2 1869.1 2418.2 =-549.1 «549.1
. . o) 218.2 1156.5 1961.8 -805.3 -805.3
_ TOTAL |~ 83,6 | 5810.6 | 68385 | -IWED -1@8.0
Izplenenzation of HA. | (G)
Managesent Plan of Y]
Rational Forest ov)
TATAL
Escablisent of  |HA. | ©
Central Ruxsery )
o) . .
TOTAL 4
Comanity Seedling  |HA. | (G)
Distribution o)
o)
TOTAL
Establishrent of HA. | (G)
Satellite Nursery o) -
o)
TOTAL =




TABLE 1B-2

(Cont ined)
FOREST MARAGRMENT: ACGREGATE FENFFITS AND OOBTS, PROJECTED (in 1000's of HUEEES)
. 1985-86 8687 87-88] 68-89 | €9-90 50-91 10 | R | 9% =95
wrr/
MCTIVITY 10CATION |Hectares B [ BNV mv nv mv 741'4 my mv nv BV av
Preparation of BA. | (6)
National Forest )
Managemert Plan o)
TOfAL
Species and HA.| G)
Provenancy Trial o) .
Plots {(ploc size 0u)
= (.2 hectare) TOTAL
Floodplain Plantarion | HA. ©)
()
o)
TOTAL
Ha. | (©)
o)
- 0n)
TOTAL N
AA. | (@) -
on) .
o)
TOTAL
GRAND TUEAL 1@12.0 1R12.0
1
v
w
i
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II. WATERSHED MANAGEMENT1

The severe erosion in widespread evidence in the hills of Nepal justifies
our general interest in watershed management and argues gpecifically for its cen~
tral position in the RCUP effort. The erosion itself is widespread in origin and
even more extensive in impact. It follows a pattern begun by upstream land loss
and associated foregone productivity, the former which often induces a further
decline in the local water table and, therefore, further productivity loss on the
remaining land adjacent to the original point of erosion. The pattern continues
ag the lost upstream land ends up as downstream sediment deposited both' within
the steambanks and on the floodplaina. Flooding becomes more frequent because
the upsteam land is not as able to retain groundwater and because the raised
streambed means that the downstream channel can no longer hold as great a flow of
water. Upstream productivity loss affects Nepal's already stressed timber re-
source (also its pastureland and cropland) while downstream sedimentation, as it
includes deposits from the heavy clay and gravel subsoils, often decreases pro-
ductivity of staple agricultural crops, notably rice.

RCUP addresses the general watershed management problem with a number of
smaller and site-specific land stabilization technologies plus a general activity
which it labels community water source protection. The land stabilization tech-
nologies intend to focus on expanding landslides and gullies, eroding streambanks
and poorly constructed or deteriorating terraces. In order to get men and equip-
ment to the locations of these physical damages, however, RCUP has also found it
feasible to include secondaty stabilization technologies focusing on eroding
roads and trails. Community water source protection is less specific in nature,
including forage, fodder and fuelwood production activities because each contri-
butes to maintaining the downstream water supply and water quality. Water source
protection may have joint outputs in its intent, and therefore may require coor-
dination with several other RCUP activities; e.g., forestry, drinking water,
irrigation and range/livestock. Assessment of its benefits and costs requires a
straightforward integration of our forestry and drinking water analyses.

Throughout its application of these technologies, RCUP's watershed program
has argued from three basic premises: (1) It argues that emphasis should be
placed on upper drainage basins as the proper beginning for watershed rehabilita-
tion in highly degraded and stressed environmeats. Downstream improvements would
only be damaged again by further upstream erosion unless the latter were correct-
ed first. (2) Simple and inexpensive technologies are preferred. This often
implies a preference for biological over mechanical technologies. Biological
technologies are the easiest for the local population to maintain and, therefore,
coantribute to premise (3), sustainability. RCUP intends for good watershed con-
servation practices to outlive the project itself. This objective is best
achieved by training local workers aand local farmers in resource conservation,
both formal training and the local learning which occurs through the demonstra-
tion and the on-the-job training attached to implementation of the various water-
shed management techneclogies.

v

These premises are general and are not inviolable. Where the threat of fur-
ther environmental deterioration is locally both great and immediate then stop-—

* 'gap measures may be necessary. In such cases, RCUP may not shun more capital

inteansive technologies.

{
1This study was prepared by W. Hyde, K. Kanel, and V. Sainjo in February
1985. This draft does not include the section on Terrace Improvement which re-
quires additional information before it can be completed.
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The externzl and common property effects of watershed management complicate
RCUP's conservation problem by making appropriate technologies alone insufficient
to induce the desired level of conservation. The problem would be more easily
resolved if the gains from protection against erosion fully accrued to the prop-
erty owner who makes the watershed improvement. Some gains, however, accrue to
downstream landowners and, in the case of community water source protection, some
gaing accrue .to the community as a whole. Downstream landowners cannot usually
identify the original source of sediment deposited on their land. Therefore,
they are unlikely to provide the proper inducement for erosion coantrol by land-
owners at the source of the erosion. Individual members of communities, even if
they are able Lo identify the source of damage tc their water source, can often
free ride on the collective action of their neighbors. Therefore, they too are
unlikely to provide the proper inducement for erosion control to landowners at
the source of the erosion. In the absence of sophisticated institutions for com-
mons management, landowners at the source have incentive to manage the watershed
only to the extent that they obtain personal gain. In sum, RCUP's problem is not
only to encourage improved managerent but also to find and to encourage local in-
stitutions whica can sustain the improved practices. Private property is not
sufficient and local participation is essential.

Our objective in the body of this chapter is to examine the RCUP watershed
management experience with the inteant of providing insight to i%u reasonable fu-
ture direction. Our approach is that of social benefit-cost analysis as
described in the introductory chapter. We propose to conduct our analysis of
RCUP's previous accomplishments with the inteant of isolating characteristics of
successful technologies, geographic locations and 1iastitutional arrangements.
Knowledge of these characteristics should help identify appropriate future phy-
sical targets and target levels for the RCUP watershed management activity.

The chapter itself is organized into five main parts. The first part re-
views past targets and accomplishments in physical terms. The second and third
select empirical case studies for emphasis from among the various primary tech-
nologies. We chose stream stabilization and gulley control for these case studies
because of the presumed substantial benefits of the first and because a qualita-
tive list of the basic resource values each impact is similar to those impacted
by most of the other primary and secondary technologies (APROSC, Leuschner). The
substantial costs of gulley control are another reason for reviewing examples of
it. The case studies begin with a background discussion of the previous local
experience and include discussion of the general engineering technology and its
desired impacts. They coatinue with the detailed benefit-cost analyses of the
example projects, emphasizing the features to which these example projects are
most sensitive. We complete the case studies with a discussion of the impli-

-cations of our cobservations for the setting of future targets. The fourth part

bf the chapter summarizes our benefit-cost observations for terrace improvement.
The project -has made many and varied terrace improvements in a variety of loca-
tions. . We select a case (much like those for forestry in the.previous chapter)
as the focus of our assessment. The fifth and final part summarizes and presents
our full comments on future targets for the technologies reviewed in our case
studies. It also adds comment on the secondary watershed technclogies, trail

improvement and road stabilization, as well as the final primary technology,
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community water source protection. We go into little detail for this latter
technology bucause it is so similar to our forestry examples in the previous
chapter,

A. Targets

The Resource Conservation and Utilization Project began in 1979 as a collab-
orative effort between the U.S. /geacy for International Development and His
Majesties Government of Nepal. The first on- the-ground conservation activiti~cg
began in mid-fiscal year 1980-1981 and the project is now in the fifth year of
the first  of three anticipated five-year programs.

The pJoject's conservation activities are concentrated on two adjacent
watersheds within three political districts. The most remote and least populated
district is Mustang on the upper Gandiki watershed about five days travel by road
and foot-trail from Kathmandu. It is a high elevai’on district (approximately
3,000 meters) in the rainshadow of the Annapurna range of the Himalayas. Much of
the land in the district is cold desert although there is some seasonal agricul-
tural cropland (2.5% of total lands (APROSC Survey, 1979)). The most populated
district is Gorkha on the Daraundi watershed about four hours drive from Kath-
mandu. The RCUP watershed effort in Gorkha includes 32 large panchayat or vil-
lage legislative units and it possesses the most and the best agricultural land
in any of the three districts (38.7% of total land area (APROSC Survey, 1979)).
These accessibility, population and land quality characteristics explain' the
somewhat greater level of RCUP activity occuring in Gorkha. The third district,
Myagdi, on the lower Gandiki watershed has intermediate access, population and
land quality characteristics which are somewhat nearer to those of Gorkha than to
those of Mustang.

‘ Table II-1 identifies target levels and accomplishments for each watershed
activity within these three districts. The table lists first primary (terrace

improvemeat, Streambank stabilization, gulley and landslide control), then sec~

ondary (trail improvement and road bank stabilization) activities together with
their basic units of physical measure. It closes with community water source
protection.

There are two additional but unlisted activities worthy of comment. Fish
ponds were an activity in the initial watershed management program. Three were
built in Gorkha and all await stocking. This was a minor RCUP activity not tra-
ditionally ‘associated with watershed management. For the latter reason, it is of
little interest to the Department of Soil Conservation and Watershed Management
(DSCWM), the lead HMG agency for this part of the RCUP program and it has a very:
low profile today. The final activity, multiple purpose impoundments, integrates
drinking water, energy, agrxculture, range and watershed programs. The design
phase for this activity is oaly now nearxng completion, therefore its initial
targets are, as yet, unidentified. It is known that RCUP recommends no major
' impoundments and no hydroelectric output. The former would inundate more agri-
cultural land than they would bring into protection and the latter would be re-
dundant when a neighboring hydroelectric (and irrigation) project is completed in
Pokhara.




> ' TABLE II-1 3
- WATERSH ED MANAGEMENT (ISQWM): TARGETS AND OQOMPIETIONS
FIRST 5 YEAR PROGRAM TARGETS FOR |
ACTIVITY UNTT 1980/81 1981/82 1982/83 1983/84 1984/85 TOTAL SECOND | HIRD | 15 YEAR
T A T A T A T A T A T A |5 YEAR| 5 YEAR| TOIAL

Terrace Tmprovement
1. Gorkha ha 2.0} 0.3 {10.0)10.0 | 10.0| 10.0 | 15.0} 15.0 | 15.0] 15.0 | 52.0} 5.0| 225.0{ 225.0} 5.0
2. Myagdi - ha 2.0y - j}l0.0f 9.6 ]10.0{10.0 }|20.0}20.0 |10.0|10.0 | 52.0| 4.0} 75.0f 75.0] 2.0
3. Mustang - ha - - -1 - |lo.0] 8.0 |10.0f10.0 | 10.0/10.0 | 30.0{ 2.0] 200.0} 200.0] 430.0
Stream Bank Stabilizal:ion
1. Gorkha lan - - - - 0.1] 0.22] 0.1] O.1 0.1] 0.1 0.3 0.22 0.1 a1 0.4
2. Myagdi kn - - - - - - - - - - - - - - -
3. Mustang ln - - - - - - - - - - - - - - -
Qully and Landslide
Control :
1. Gorkha no - - 1.0 1.o| l.oj 1.0} 1.0} 0.8 | 2.0] 2.C 5.0 5.0 2.5 2.5 1lo.0
2. Myagdi no - - - - 1.0 0.7 | 2.0f L.Oo| 1l.0| 1.3 4.0]1 1.7 2.5 2.5 9.0
3. Mustang no - - - - - - 1.0} 2.0 - - 1.0{ 2.0 - - 1.0
Trail Improvement &
1. Gorkha ' lan - - 1.0] 1.0} 10| o0.62| 0.7| 0.55{ 2.3} 1.84| 5.0} 4.00 1lo.0| 10.0f 30.0 '
2. Myagdi kn 1.0] 0.15| 4.0} 3.88| 4.0| 4.0 | 10.0] l0.0 - | Lo | 19.0] 18.03 5.0 5.0{ 29.0
3. Mustang kan J - - - - - - - - - - - - - - -
Road Slope Stabilization~
1. Gorkha km 0.4] 0.06} 0.4] 0.341 0.8 0.8} 0.7] 0.7 - - 2.3] 19.0 - - 2.4
2. Myagdi km - - - - - - - - - - - - - - -
3. Mustang kn - - - - - - - - - - - - - - -
Commmnity Water Source
Protection
l. Gorkha ha |10.0] - | 30.0}]30.0 |20.0}20.0 |10.0] 10.0 | 30.0} 30.0 } 100.0{ 90.0] 100.0{ 100.0§ 300.0
2. Myagdi ha _ - - |} 10.0] 10.0 }20.0}20.0 } 5.0] 5.0 | 15.0}15.0 | 50.0{ 50.0{ 5G.0{ 50.0f 150.0
3. Mustang ha. - - |10.0} 10.0 | 20.0} 10.27] 5.0{ 5.0 {15.0|15.0 { 50.0| 40.0] 100.0| 100.0{ 250.0
Multipurpose Impoundments
1. Gorlha - - - - - - - - - - - - - - -
2. Myagdi -1 - -1 - -1 - -1 - -1 - - - - - -
3. Mustang - - - - - -1 -\ - - - - - - - -

.| ‘- ! 1 | R LI g - Ll " N N BN T T N R o



The targets themselves reflect our previously suggested emphasis on Gorkha.
Indeed, reference to the tables shows that targets for each activity are highest
for Gorkha and two activities, streambank stabilization and road slope stabiliza-
tion, have targets only within Gorkha.

The initial five year's targets were set in a process begun by the Catchment
Conservation Officer (CCO, a representative of DSCWM) in consultation with the
district panchayat. The CCO took the recommendation of this group to the DSCWM
which, in turn, reported its recommendations to the National Planning Commissioa
(NPC) which set the targets. The criteria for our initial target selection in-
cluded local need, local population, remoteness, working season, amount of agri-
cultural land, available manpower and budget. The targets are revised annually
by the DSCWM and the NPC after consulting their budgets and the CCO's progress

reports. The table reports revised targets for years 1981-82 to 1984-85. The"

revision process is similar to that used by U.S. public land management agencies.
That is, the tie between annual target revision and local demand 1is not clear.
Budgets and the completed share of past targets are the apparent dominant factors
for making choices about new target levels.

Thus, the accomplishments reported in Table II-~1 have considerable impor=--

tance for future target setting. They also provide the basic physical measure of
benefits in our benefit-cost analysis. We have only one internal check on their
accuracy. J. Wood (1984) in conversatican with the overseer of construction =~
Mustang, found that terrace imprcvement and gulley control actually exceeded re-
ported accomplishments. Ten hectares of terraces were improved in 1982-83 rather
than the repdrted eight hectares (the 1983-84 terrace improv:ment report is cor-
rect) and three rather than two gulleys were controlled in 1983-84. This spot
check suggests the unexpected (to us) concluslon thac accomplishmeats are perhaps
somewhat under-reported.

B. Streambank Stabilization: A Case Study

The choice of streambank stabilization for our first case study 1is, to
repeat, a function' of both its large anticipated. net benefits and the qualitative
similarity of its values at risk to those of all remaining primary and secondary

‘technologies. Leuschner (1983) suggested that potential streambank stabilization
benefits may dominate those for all other RCUP watershed management activitizs
combined, With a statement of this emphasis as®background, we would be negligent
if we failed to examine the one existing streambank stabilization project in

careful detail. The fact that there has been only one project and few more are-

currently planned suggeats, however, that either this one project was unxquely
benef1c1a1 or someone (Leuschner or RCUP) has misestimated.

Our project is on the Khahare River, a tributary of the Chhoprak, in the
Chhoprak village panchayat. Figure II~1 provides some reference. The main

thrust of the river was eroding good khet (paddy) land and depositing gravel sed-"

iment on its right bank. The Archale River eatering the Khahare near the point
where the floodplain widens, reinforces this actjon. The project objective was

to protect the right bank at the points of ‘greatest erosion and also to protect

the cultivable land in the floodplain.
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The physical situation at this project is common on the Daraundi and Gandiki
watersheds: thin topsoil with a substrate of clay and gravel, steep terrain,
and a rapidly wmoving river which scours more than it deposits. Especially at
monsoon flood levels, the river's rapid pace and heavy clay and gravel load has a
detrimental impact on local floodplain productivity. Only as the force of the
main river (the Daraundi in this case) slows after it joins first the Marsyandi
and then the Narayani and reaches more geatly sloping land in Nepal's terai, may
its flood stage deposits become beneficial to agricultural production. Thus,
both in general and for our specific case, the gains from streambank stabiliza-
tion occur from land saved upstream in the immediate neighborhood of the project
(at the right bank) and from productivity saved in the neighboring downstream
floodplain. Impacts in the terai are difficult to trace to any, single upstream
erosion site. There are also in a less critical area wholly outside RCUP's area
of respoansibility.

The appropriate engineering technology requires installation of either rip-
rap or gabions to cut the river's impact at the eroding bank. The strong prefer-
ence of the Nepalese is for gabions, which are wire baskets of stone and which
can be constructed on the site. Oaly the wire needs to be transported from any
distance. The Nepalese reliance on local stone over imported iron and their
relative labor intensity make gabions the preferred technology. (Stones may,
however, provide an occasional problem. They are everywhere available on local
hillsides but landowners may prefer that the stones rem:in on the hills as pro-
tection against further erosion.) They were used at five locations on this pro-

ject as shown in the figure.

As a first step in assessing the benefits and the costs of this project we
inquired whether other watershed managemeant projects in Nepal had collected com-
parable information. Appareatly there are three other projects: an FAO project
near Pokhara designed to control lakeside erosion and to produce hydropower and
both the Swiss/TINAN and the DSCWM/Bagmati projects which concentrate on tree
planting to coatrol erosion. Two of these projects are in their initial stages
and none of them provide experiences fully comparable with RCUPs. The only two
detailed watershed project assessments were SECID's ex-ante and Leuschner's pre-
liminary ex-post benefit-cost analysis. The former had no streambank stabiliza-
tion componeant. We referred to the latter earlier in this chapter. It suggests
that the area of upstream productive land protected and the lifetime of the sta-
bilization project are the key variables. .

Annual scouring and flooding tended to cause two kinds of losses prior to

the RCUP construction activity: loss due to permanent erosion of the streambank.

and loss due to annual crop loss on the adjacent land. The force of the river
eroded a strip of land on the west (right) bank of the Khahare river beginning at
the eventual location of the furthest upstream gabion in Figure II-l and coatinu-
ing downstream approximately 189 meters to the last gabion, or until the river
stEéightens and its main force returns to the center of the stream. This strip
is approximately two metars wide in the first year and adds approximately two

- meters each successive year. Annual flooding, also on the west bank, causes loss

of at least one of‘two annual rice crops as well &s loss of some productivity for
subsequent aanual crops because of the heavy scouring by the rocky river sedi-
ment. Flooding affects approximately four hectares as shown in Figure II-l.

{
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The RCUP engineer's record shows the financial cost of construction for the
Chhoprak project to be NR 141,000. The off-season use c¢f unskilled labor was
oanly 1,970 man-days. Adjusting for the shadow wage or social cost of hiring

these workers reduces the social cost only NR 12,000 to a total social cost of NR
129, 000.

The benefit from coastructing the gabions is measured as the rice crop gain
from retaining the annually eroding strip along streambank plus the gain from one
additional rice crop annually on the flooded area (plus the maintenance of some
unmeasured subsequent production on the latter area). (We label the first bene-~
fit "erosion control" and include in it both losses at thé site and downstream.
Downstream losses are due to sediment deposition. We label the second benefit
"flood control".) These benefits continue for the lifetime of the project which
might be from 1 to 10 years, without maintenance, depending on the unknown river
hydrology, i.e., river force and flooding frequency.

Assuming Gorkha khetland values of NR 5-6,000 per ropani or NR 100 to
120,000 per hectare and potential project lifetimes of 1, 5, and 10 years, then
the combined erosion and flood control benefits are:

Project Life =  =~-—==--=-cecccaw-- BENEFITS IN NR ~=--=w=—==-- ~—
in years Erosion Control Flood Control Total
1 3454 =~ 4145 18181 - 21818 21600 - 26000
5 14497 - 17379 75820 ~ 90984 90300 - 108400
10 23620 - 28323 122900 - 147480 146500 -~ 175800

Appareantly, the benefits only cover the construction costs (either social or
financial) in the event that the gabions withstand the rivers force for 10 years
or more.

This suggests that net benefits are not always so great as previously anti-
cipated. (Leuschner anticipated benefits on both sides of the stream, rather

than on just the one side which gains in the Chhoprak project. Leuschner could

be correct in other topographic configurations.) More important, our analysis
suggests that the lifetime of the project and the area protected from flooding
are the critical meagures determining the social gains from streambank control.
The lifetime of the project is a function of ‘river hydrology and knowledge of
river hydrology is sparce at best. Benefits from the area protected from flood-
ing are more than five times as important as benefits from erosion control in
this particular case and would increase further yet for areas where greater than

four hectares are protected. For example, if eight hectares were protected, then:

even projects similar in cost but with somewhat less than five years anticipated
lifetime would be justified. Clearly, the larger the floodplain, the more justi~
fiable future RCUP stxeambank stabilization projects may be.

"C.  Gully Control: Case Studies

Once more, there are few examples of projeéts of this category which' have
been completed at this early date in RCUP's history (three in Gorkha, two in
Myagdi, two in Mustang). Therefore, there is only sparce evidence on which to
base our analysis. We will review three of these projects briefly, the only
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three for which there are available blueprints. Two are in Myagdi and the other,
an unusual example, is in Gorkha. The Gorkha example is unusual because it was a
temple rather than prime agricultural land or other commercial activity which the
gully threathened.

Figure I1-2 is a duplicate of the engineers blueprint for check dams and
gabion construction to control the landslide threatening Manakamana temple in
Gorkha. It should be clear from this figure that the landslide is large relative
to the temple and that it poses serious threat to the temple. Indeed, virtually
any expansion of the landslide whatsoever to the upper right would threaten first
the existing protective wall and then the temple itself. The slide is currently
within one meter of the temple itself.

The benefits from this landslide control project are (1) protection of the
temple, initially protection of the lower left corner of the temple but eventu-
ally the entire temple, (2) saving each years anticipated incremental erosion
along both sides of the landslide and some along the curreat head of the land-
slide, (3) eventual recovery of some land within the gully's current boundaries, '
and (4) halting the landslide®s contribution to downstream sediment deposition.

Temple protection is undoubtedly the most important benefit. 1Its value is
also nye impossible to quantify. An engineer's rule of thumb has it that the
landslide will eventually stablize at two times its current size, or at approxi-
mately four-tenths of a hectare in ten years. This means that landslide coatrol
saves the two-teanths of the hectare expansion from its current size from ever
occurring. This land is packho or upland maize field which curreatly sells at
approximately NR 30,000~60,000 per hectare in Gorkha which implies a protected
land value of approximately NR 6,000-12,000. Recovery of the current two-tenths
hectare slide would be slow and, therefore, of small discounted value. This dis-
counted value would only be NR 600-1200, even if we can anticipate full recovery

in the teath year and full conversion of the land to packho .at .that time. . Rever= _.-

sal of downstream sedimentation has smaller impact- yet because, while the slide
is visually impressive, its addition to the downstream sediment load is insignif-
icant. Previous estimates used in the forestry chapter suggest’ NR 88 per hectare’
per year or, for this slide, the maximum range NR 18 currently up to NR 35 in the
tenth of successive years in absence of landslide control. Even these downstream
sedimentation values are only possible if the landslide is halted immediately and
completely and there is absolutely no more sediment deposition originating from
this slide area. The discounted value for immediately halting the sediment depo-
sition is altogether less than NR 100. The summary gross discounted benefits are
less than a generous NR 13,500 plus the important unmeasured benefits from pro-
tecting the temple. : . :

The RCUP engineer's cost records show a bill of NR 451,383 for this project,
a cost which only depreciates NR 7,700 when uaskilled labor is shadow priced.
Clearly the benefit-cost calculation argues that the social value temple protec-
tion must equal or exceed approximately NR 438,000 in order to justify this pro-
ject. Just as clearly, decisions like the decision to protect this temple caanot
be made on financial judgement alone. Rather thé predominant decision criteria
must have to do with local perceptions of the -temple, local understanding of the
alce;nate project outputs foregone when RCUP resources are spent on temple pro-
tection, and RCUP's own perception of the longer term benefits it gains from high
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vigibility local projects like this., It is quite reasonable to expect that a few
well chosen projects like this may increase substantially RCUP's local credit-
ability and, therefore, its s&bility to accomplish other resource management ob-
jectives.

The second gully control project is in Arthunge village panchayat only 100
meters upstream from Beni, the principle town of Myagdi. Figure II-3 replicates
the engineering blueprints for this project. The purpose of this project is to
slow the erosion caused by the generally smaller stream running down the gully
and, thereby, to restrict potential for future erosion particularly along the
left bank of ‘he gully. The left bank is a proposed hospital site and, in ab-
sence of contw:l, the gully would likely expand and eventually collapse hospital
walls much as the Manakamana temple walls may erode.

The RCUPs engineers cost records show a bill of NR 219,917 for this project,
a cost which depreciates NR 11,300 when adjusted for 1,417 days of unskilled off-
peak labor. The net social cost is NR 208,617. Once more we anticipate sediment
control, land recovery, and incremental erosion control benefits much as these
benefits existed for the Manakamana temple project. These first two benefits
were insignificant in the Manakamana temple project and we anticipate them to re-
main insignificant here. The incremental erosion value could easily be substan-
tial, however, if the project succeeds in protecting the hospital site. Tf good
khatland is worth NR 100-120,000 per hectare then it 1is not unreasonable to
expect one hectare of.commercial land only 100 meters from Beni to be worth
double that, or enough to justify this project.

The final gully control project for which we have eangineer's blueprints is
also in Arthunge village panchayat outside of the town of Beni in Myagdi dis-
trict. 1Its objectives are less spectacular in that they do not include protec-
tion of a large public institution like a temple or hospital. 1Its objectives are
to protect prime agricultural land from further erosion along a 150 meter stretch
of stream or gully and simultaneously to decrease dowanstream sediment deposi-
tioa.

The engineering cost for this third gully control project were NR 189,000 or
NR 180,300 after adjusting for the shadow wage of 1,218 underemployed unskilled
man-days of labor. There are potential erosion control +benefits on each side of
the stream but even if these exteaded back for 33 meters on each side, beginning
immediately and continuing into perpetuity, would they protect the equivalent of
one permanent hectare of land worth NR 100-120,7007 (The protected land value
would be even less if the land were not all good khdtland.) Adding NR 500 for
the value of the discounted flow of downstream sediment avoided, charges the:
gross benefits very little. The net gain for the project as a whole is negative
and the benefit-cost ratio is less than one.

-

After reviewing all three landscape and gully control projects we arrived at
a fairly obvious set of coanclusions. These are expensive projects. Their engi-
neering and construction costs are large relative to many other single RCUP
activities, . They may well be justified, however, where something more is at
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stake than erosion of adjacent agricultural land and avoidance of downstream sed-
iment deposition. For example, in the second case gully coatrol protects the
anticipated new hospital and is easily justified on economic criteria. 1In the
third case, focus on agricultural land only was insufficient to iustify gully
control on economic grounds. What this recommends for future targets is close
attention to associating landslide and gully control projectas with protection of
lands occupied by large important institutions or other high profile resources of
substantial value to the local population.

D. Terrace Iwprovement

Terrace improvement is the major RCUP watershed activity. Reflection on
Table IT-1 shows it to be the watershed activity which has received the earliest
and greatest atteation in the first five years of RCUP's program. The objective
of terrace improvement is to repair deteriorating terraces, thereby halting their
continued erosion. The production impact occurs both at the site of the improve-
meat and downstream where there is a reduction in sediment deposition as a result
of upstream coatrol of the sediment source, the deteriorating terrace.

The RCUP terrace improvemeat effort concentrates on upland terraces because
these are the least productive as well as the larger source of sediment. Upland
terraces are less likely candidates for private repair because they are less fer-
tile and have shallower soils than the less steep lowland terraces. Therefore,,
landowners have less personal economic incentive to make the necessary repairs on
upland terraces. Meanwhile, because they are steeper, upland terracee are a lar-
ger source of off- site sedimentation than are lowland terraces. - Therefore, up-.
land terraces are a greater source of external production losses imposed on down-
stream landowners. The public nature of downstream benefits from terrace im-
provement plus the large demonstration effect potentially .associated with-a few
well placed projects justifies RCUP's .activity.. The private gains to upland
landowners which also are associated with the RCUP's effort--also -suggest,: how=
ever, some private stake in the activity. Together, they explain the 70-30 cost
sharing arrangement which currently exists between RCUP and the upland land-
owner, respectively. L ‘ C

The technology invwalved in terrace improvement is quite simple, and therein
lies an additional attraction to it. Unskilled laborers are hired during the off
peak agricultural season to excavate *he uppet half of the deteriorating ter-
races. The excavated soil is then used to fill out the lower half of the same
terrace. The technology is neat, simple and tidy. It is also hard work.

The costs of this terrace improvement are the costs of hiring laborers to do:
the excavating plus the opportunity cost of foregoing production of one of two
annual crops while the terrace improvement activity i3 going on. Benefits can be
measured either in the form of increased land values subsequent to the improve-
ment or in the form of a combination of increcsed crop output and decreased agri-
cultural labor input necessary to work the terraces for future crops. Reduction
in downstream sediment deposition is the secoad i$portant benefit,

The remainder of this discussion turns, first, to the selection process by

which certain farmers are chosen to receive RCUP terrace improvement assistance
and then, to the explicit measure of these banefits and costs. We first examine
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TABLE II-2

SOIL WORKING (EXCAVATION) COST OF TERRACE IMPROVEMENT IN RCUP, GORKHA

Cagse No. I, Name of the project: Terrace Improvement

S. No. No L (M) B (M)  H_ (M) Content (M3) Area (Sq. M)
1 1 20.0 3.3 0.5G 33.00 66
2 1 30.0 3.0 0.45 40.50 90
3 1 31.0 5.0 0.70 108.50 - 155
4 1 44.0 2.0 0.60 52.80 88
5 1 45.0 4.5 0.83 , 168.07 202.5
6 1 33.0 3.5 0.58 64.99 115.5
7 1 60.0 5.0 0.90 270.00 300
8 1 30.0 5.25 1.05 165.37 157.5
9 i 1 24.0 3.80 0.95 86.64 91.2
10 1 30.0 3.0 0.70 63.00 90
11 1 30.0 4.0 1.10 132.00 120.6
12 1 38.0 2.70 0.80 84.08 102
13 1 33.5 3.25 1.20 130. 64 108.9
14 1 33.0 3.25 1.10 117.97 107.2
15 1 32.0 3.40 0.70 ©76.16 -~ 108.8"
16 1 31.0 4.0 0.65 © 80.60 124,.0°
1674. 32 2027.2
=4, 05 (Rupanls)
Total volume of Excavation = 1674.32 x:1/2:x 1/2fx 1./2- = ﬂ;esﬂ~ w
. = 1674.32/8 e

Location: Tara Nagar V.P., ward no. 6, Charkune Gairo; Gorkha

Farmer's name: Krishna Bahadur Addhikari
Working agency: Land owner

Date of Agreement: ?2040-10-6 (1983 February)
Date of Work Completion: 2040-11-15 (1984 March)
Date of Measurement: 2040-1)1-18 (1984 March)

Description of Work: Earthwork excavation in gravel mixed soil for
making levelled terrace in Scope of Bars land

15 of RCUP (CCO) Gorkha) _

= 209.29 M3
Rate per M3 for gravel mixed soil excavarion = NR 13.20
Total cost # Total volume x Rate per M3

= 209.29 x 13.2
= NR 2672.63 *

70% cost of the total cost is to be borne out by the project = NR 1933.84

" 30% cost of the total cost is to be borme out by the land owner NR 828.74

Checked by Date
Supervised by ! Date
Paid by Date

Signature of the land owner:
Date

Approved by Mohal Wagley Date

P
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benefits and coste from the perspective of two farmers from Gorkha who have re-
ceived RCUP asgistance, and then turn to generalized casges for Gorkha-Myagdi and
Mustang. We discuss the generalized cases from the broader social perapect1ve of
benefits and costs. We close with some summary obgervations.

D.1 Selection of Panchayats and Farmers

An iavitation to participate in the terrace improvemer'. program is sent to
select village panohayats in November. Ten of 32 village panchayats in Gorkha
received such notice in the 1983-84 fiscal year. It is clear, however, that se-
lection is the choice of the CCO. It is also clear that the CCO's alternate
their choices from year to year such that all village panchayats eventually have
a chance to participate in the terrace improvement program. In each village pan-
chayat the pradham pancha and ward chairman receive the invitation to participate
and they transmit this information to individual farmers. They obtain applica-
tions for RCUP terrace improvement asgsistance from the individual farmers and
forward these to the CCOs within 30 days after their own original notification.
The applications include informaticn about the areas and boundaries of the land
to be improved, certificatior of ownership, a copy of the land revenue payment
receipts (taxes), and identity of land use and crop patterns on chzs land both
before and after the terrace improvement.

Many more farmers apply for the terrace improvement program than the program
has finances to assist. For example, in Manakamana village panchayat five farm-
ers were chosen for participation in 1983-84 out of 150 who applied. The cri-

teria for choice among farmers restr1ct aasxstance to currently cultivated land-

of slope between 15 and 50%.

After the farmer has been selected, :sometime: in: the :third week:in‘December,- :. .

an agriculture or forestry technician or surveyor measures all the ‘terraces to -be
improved, calculates the volume of soil to be excavated and the area for improve-
meat, and draws up a document for the .signatures of the. farmer aand the CCO.
Table ITI-2 is an example. The conditions of the agreement, are: that the farmer

finigsh the terrace improvement work within 30-days vand--that -he- pay -30% :of _the:.-
total costs. The cost calculation formula itself multiplies the district- legal:*

minimum wage rate times the number of man-days required per cubic meter of soil
excavated (0.88) times the total volume of soil to be excavated.

Finally, the farmer reports the completed terrace improvement work in ap-
proximately the fourth week of February. He reports to the CCO who in turns
sends a technician to check on the finished activity before the farmer receives
payment from the RCUP in approximately the first week of March.

F. Two Examples: Farmers In Gorkha

We visited two Gockha farmers who received RCUP asgsistaance for improving
their terraces in 1983-84. Mr. Krishna .Bahadur .Addhikari has a.total of nine-
tenths of a hectare of upland maize field (bari). He works as a puen in a nearby
veterinary clinic and his family works the fields. Last year he improved terraces
on 4 ropani (0.2 hectares) with RCUP assistance. Mr. Addhikari contracted the

reon
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terrace improvement with a local villager for NR 3,000. He eventually received

NR 1,938 (65%) from RCUP and bore the remaining costs himself.. We inquired what

the benefits were to Mr. Addhikari and he supplied the following information:

The somewhat higher than average land values supplied by Mr. Addikari may be

attributed to his land's proximity to the Mugling~Gorkha metot road. Appendix A
reports the soil excavation in cost sharing details.

Mr. Mitra Lal Lamichane owns .5 hectare about 150 meters uphill from the
Mugling-Gorkha metot road. His family of five can subsist for six months each
year from this land. (They supplement their farming with work in the village.)
Last year Mr. Lamichane's 2.96 ropani of upland maize field received terrace
improvement asgistance. The total cost of soil excavation and leveling the ter-
races amounted to NR 2,092, out of which NR 1,464 (69%) was contributed by RCUP,
and the remaining NR 628 by Mr. Lamichane himself, . Appendix B reproduces the

details of the soil excavation and cost sharing. We requested Mr:‘ Lamichane-to- - :

compare the benefits to him before and af:cv: the terrace improvement. He gave
the following details: DLl loviien '

I



III. APPROPRIATE TECHNOLOGY/ENERGY coMPONENT!/

A. Introduction

The original plan for this component included a diverse collection of appro-
priate technology and energy activities. The "Energy Development Sub-Project
Implementation Plan"2/ contained targets for wooden bridges, solar kilns,
hydram pumps, haybox cnokers, ropeways, beehives, peddle threshers, 1{improved
water mills (water powered grindstones), a multi-purnose impoundment, toilets,
and windmills as well as improved stoves (chulos), solar water heaters, solar
crop dryers, mini-hydro plants, and bio-gas plants. Implementation of the pro-
ject has diverged sianificantly from the Plan, the emphasis having been placed on
five kinds of eneray technologies: imoroved stoves, solar water heaters, solar
crop dryers, improved water mills, and a bio-gqas plant. Feasibility studies have
been completed for three mini-hydro 1installations, but none have been con-
structed.

This analysis concentrates on the five eneray technoloaies which have actu-
21ly been installed. A summary of the feasibility studies on mini-hydro units fis
also provided, since they have absorbed a large fraction (80%) of RCUP resources
allocated to the eneray component, and since three mini-hydro units will be in-
stalled beginning in FY 84/R5.

An overview of physical activity targets and completions is presented in the
next section. Following the overview are case studies and estimates of benefits
and costs for each of the five energy technologies. The final section, Conclu-
sfons and Policy Recommendations, presents suggestions for adjusting taragets
during the period 1985-88.

B. Physical Activity Targets and Completions

Presented in Table III-1 is a comparison of the original four-year taragets
versus actual completions for the five technologies beina analyzed. Targets for
FY 84/85 are also presented. It is clear from Table III-1 that improved chulos
represent the major success of RCUP. In fact, the actual completions through
July 1984 represent 323% of the original targets for {improved chulos. Across
Districts, the main effort has been expended in Gorkha (499% completions vs.
targets) and only in Mustana (84% completions vs. targets) were the orfainal tar-
aets not exceeded. Further, the rate of completions has accelerated: 59% of the
total occurred during FY 83/84.

Solar water heaters are characterized by inability to achieve the oriaqinal
targets in all three Districts. Actual completions by July 1984 represent 33% of

1/ This study was done by Edward Vickery and Jennifer Wood. We are grateful to
John Ashworth, Andreas Bachman, Gabriel Campbell, and Daniel Jantzen for
excellent critiques of preliminary results. A 1ist of references is present-
ed in Appendix 1.

2/ Alton Byers, "Enerqy Development Sub-Project Implementation Plan", September
1981. See pages v-vi for a summary of the original taraets.

~
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TRBLE 111-1

ENERGY CCOMPONENT: SUIMMARY (F PHYSICAL ACTIVITY
TARGETS AND COMPLETIONS, FY 81/82 THROIUGH FY 84/85

campletions are fram reports by the RCUP Energy Specialist.

ORIGINAL TARGETS, ACTUAL COMPLETIONS BY HMG FY TARGETS,
FY 80/81-FY 84/85 [BO/RLT O/ 2T R2/R3| G3/B4 [ TOTAL| FY 84/85
Improved Stoves
I. Gorkha 95 - 140 741 130 | 44 X0
2. Myagdi 51 - 7 Fal] 68 9% 74
3. Mustang a4 - 7 3 0| 19 %
TOTAL 150 - | 1A 97| 207 458 0
. Solar Water Heaters
1. Gorkha 9 - 2 2 1 5
2. Myaod 15 - 2 4 2 8
3. Mustang 14 - 1 4 1 6
TOTAL H - 5 10 . L) L
. Solar Crop Dryers
T, Gorkha 4 - - 2 - 2
2. Waadi 6 - 1 2| - 3
3. Mustana 6 - 1 9 6 16
TOTAL 16 - 4 I3 b yal ]
Imoroved Water Mills
1. orkha 2 - - 1 - 1
2. MWaadi 2 - - - - -
3. Mustang 1 - - - 1 1
TOTAL 5 - - 1 1 2 4
. Bio-aas Plants
T Gorkha 5 - 1 - - 1
2. Myaadi 4 ;- - - - -
3. Mustang 1 - - - - - _
TOTAL 10 - T - - T -
. Mini Plant
eas
. 1 - - - - 1
2. Wyaadi 1 - - - - 1
3. Mustang 1 - - - - 1
TOTAL 3 - - - - 3 -
Sources: Targets are fran "Enerqy Development Sub-Project Implementation Plan," pp. 2 and 10;
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targets in Gorkha, 47% in Myagdi, and 43% in Mustang. The rate of completions
has declined recently, with only one-fourth of the total having been completed in

FY 83/84.

Solar crop dryers show total completions at 131% of the original targets by
July 1984. However, this composite outcome includes only 50% of the original

tar?ets in Gorkha and Myaqdi. In Mustang, by contrast, actual completions are
equivalent to 267% of targets. Similar to the experience with solar water heat-
ers, the pace of installing solar crop dryers slackened considerably in FY 83/84.
Less than half of the FY 82/83 level of completions was attained in FY 83/84, and

all of those were in Mustang.

Improved water mills have total completions at just 40% of the original tar-
gets by July 1984. That total includes attaining 100% of the target for Mustang,
50% for Gorkha, and zero for Myagdi.

Bio-gas plants display the most striking discrepancy between targets and
completions. Only one ptant has been installed (in Gorkha) compared to ten which

were targeted.

The three feasibility studies which were targeted for mini-hydro plants were
completed on schedule. Installation of these plants is planned for FY 84/85 and

FY 85/86.

A final cbservation is that the greatest activity for field work occurs dur-
ing April-Jduly. Not only is the weather more cooperative (pre-monsoon), but also
the HMG budgetary procedures typically release more funds during the last quarter
of a fiscal year. Consequently, benefits claimed during the year of installa-
%;on, :ig. an improved stove, should only be about 25% of annual totals claimed

ereafter.

The benefits and costs associated with these physical activit _s are quanti-
fied in the next five sections. First to be analyzed are improved stoves. Since
work in Gorkha has dominated activities, it 1is appropriate that the analysis
should begin with a case study about Chhoprak Panchayat, Gorkha District.

C. Improved Stoves

1. A Case Study: Improved Stoves in Chhoprak Panchayat, Gorkha Disfrict

a) Conducting An Energy Needs Assessment

During February-July 1982, only a few months after the oriainal tar-
gets were specified in the "Energy Development Sub-Project Implementa-
tion Plan", an action research project was initiated in Chhoprak Pan-
chayat.l/ The objective of this effort was to involve local people

1/ A description of this research is provided in the paper by Deepak
Bajracharya, "Organizina for Energy Needs Assessment and Innovation: Action
Research in Nepal", January 1983.



in identifying those enerqy technologies which seemed most appropriate,

planning for i{mplementatisn, and decision-making for the sharing of
benefits.

Discussions and public meetings with local peorle led to different
perceptions of priority energy needs. The Kumhal and Gurung communities
identified their own needs for a water mi11.1/ Representatives of
the remainder of the communities -- a heterogeneous group of different
castes and ethnic groups such as Brahmins, Chketris, Newars, Kamis,
Sarkis, and Damais -- in a public meeting chose smokeless chulos and
peddle threshers for paddy as their highest priorities. Initially the
Pradhan Pancha (elected chairman of Chhoprak Panchayat) attempted to
impose his judgement that an improved water mill would be most appropri-
ate. He was, however, overruled at the public meeting held to make the
final choices. According to Bajracharya's report, their interest in
smokeless chulos had been stimulated by his having tnstalled five demon-
stration units earlier in the fiscal year.

Planning for implementation focused on the resolution of three ques-
tions about the new stoves: (1) What should be done about the chimneys?
é?)iwho,would make the stoves? and (3) What would be the local contri-

utions?

Regarding questions (1) and (2), experiments were carried ocut to
have both the chimneys and the stove inserts made in Chhoprak. A group
of potters from the Kathmandu Valley, who reaularly spent their wirnters
in Chhoprak, expressed interest in producing the chimneys. They actual-
ly made about 140 sets. Similarly, the manufacture of stove inserts
locally was attempted by training several artisans. After the new road
to Gorkha was opened, local manufacturing was discontinued in favor of
%ransporting prefabricated chimneys and stove inserts from Kathmandu via

orry.

Question (3) was resolved by having the RCU Project pay for the cost
of the stove inserts and chimneys, transportation to the District Center
(Gorkha), and the wages of skilled personnel required to install the
stove inserts and chimneys. The recipient household agreed to absorb
the time and money costs of transporting (about a two-hour trek each
way) the stoves and chimneys from District Center to the household. In
addition the households aareed to provide bricks (about twenty) for
buiiding a frame around the ceramic stove insert, clay, water, and some-
one to assist the stove installer. Obviously this division of resource
costs offers a large subsidy to the recipient households.

b) Oraanizing to Obtain and Install Improved Stoves

The RCUP has hired a full-time Enerqy Specialist (Mr. Gyani Shakya)
who supervises implementation of the entire energy program in all three

1/ See Section F of this report for an analysis of this innovation.
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Districts -- Gorkha, Myagdi, and Mustang. In Gorkha, as in each of the
other districts, a full-time Energy Technician (Mr. Hira Man Shresta)

and a full-time Stove Technician (Mr. Dina Nath Koirala) have also beer .
hired. The Energy Specialist is respcnsible for arranging for the pur-
chase of stoves and chimneys in Kathmandu, then having them transported

to the District Center in Gorkha. He also supervises decisions with
respect to choosing those households which are to receive the improved
stoves, and he oversees the work of the Energy Technician and the Stove
Technician regarding installation of the stoves and dissemination of
operating and maintenance fnstructions.

The choice of which type of stove to purchase was based on advice
from the Stove Improvement Unit of the World Bank's Community Forestry
Project. The so-called Magan designl/ was selected since it was
smokeless, inexpensive, manufactured in Kathmandu from local clay, and
corresponded closely with the traditional cooking facilities in rural
Nepalese houses. The Magan design had also been thoroughly field tested
by 1982, when the distribution of stoves was initiated by RCUP in
Chhoprak Panchayat.

I1lustrations of the Magan stove desian, as well as several alterna-
tives, are presented in Appendix 2. The design with two cooking holes
is traditional for Nepalese mud chulos, but the chimney represents an
innovation. The addition of the chimney achieves a smokeless environ-
ment in the house, but one consequence is a slower rate of cocking. The
cost of the chimney represents about two thirds of the total Rs. 80 cost
of the complete stove assembly prefabricated in Kathmandu. The decision
to promote the adoption and use of stoves with chimneys, therefore, im-
plicitly allocates more importance to health benefits than to increased
fuel efficiency.

After the prefabricated stove assemblies are purchased and ready to
be sent to the field, HMG staff from DSCWM arrange for transportation
via Torry to Gorkha, the District Center. When the stove assemblies
arrive in Gorkha, they are unloaded and stored at one of the HMG Dis-
trict offices. The Energy Technician for Gorkha is responsible for
storage of these assemblies until someone from a household designated to
rﬁceive one arrives to carry the stove assembly to the installation
site.

The process of selecting which households will receive the improved
stoves 1s controlled by the Energy Specialist. He develops and main-
ins a list of potential recipient households through a series of dis-
cussions with loca) leaders. Impressions that the Gorkha Energy Techni-
cian and the Gorkha Stove Technician obtain from their fieldwork are
also important in determining which households will be approved as
recipients.

1/ One source of additicna! information about this design is the paper by T.
Kalluppati, "Magan Chulo ', 1055,



- When a household has been approved, a member of that household comes

to collect the stove assembly and transport it to the place of installz-
tion. Eventually, the Stove Technician qoes to the household und,

- assisted by some household memder, installs the stove insert and chim- -
- ney. The Energy Technician oversees the stove installation and provides -

some instructions to household members on how to operate the improved
stoves. For the initial three years of the stove program, there were no
pamphlets of written instructions. Beainning in FY 83/84, copies of a
= pamphlet entitled "New Nepali Cookina Stoves" (see Appendix 2) prepared
by UNICEF and ADB/N were obtained and distributed by Rcup, 1/ No
other follow-up or extension work is provided systematically, but a few
adult education meetings have been held in Gorkha to promote greater
- understanding ahout proper operatina techniques and maintenance proced-
ures.

In Chhoprak Panchayat, household members were asked reasons for
thetr desire to have an improved stove. According to Bajracharya's
report (p. 41), the aspects dealing with smokelessness (71% of respon-
dants) and fuelwood savings (62%) were mentioned most. Other reasons
given were "because others had it" (38% of respondants), "anticipated
ease and comfort in the cooking process" (20%), and “"because it was new"
and "it might have potential benefits (13%). Only 9% were reported as
interested "because the government is giving 1t for free."

= c) Evaluating Stove Use

Bajracharya's study also inciudes perceived benefits and complaints
of stove users after installation. Perceived benefits were "ro smoke"

(71% of respondants), "fuelwood definitely saved" (53%), "fuelwood maybe
zaved" (37%), "easy and convenient" (Z5%), "cooks fast" (21%), and ™easy

to wash pots and pans" (8%). Complaints included "cooks slow" (50% of
respondants), "afrafd that thatched roof miaht catch fire" (26%), "fire
- doesn't burn well" (14%), and "fuelwood not saved" (9%).

Investination of the “ccoks slow" complaint revealed the need for
- fnstruction on fiow to cook efficiently using the new design. Tradition-
al chulos supply equally intense flames to both cooking holes. In
smokeless chulos only one cooking hole receives direct flame; heat for
the other is provided by hot gases moving along the flue toward the
chimney. Thus, the second cooking hole is not as hot and cooks slower.
However, if the pots were interchanged periodically, the slow cooking
. problem could be overcome. Slow cooking was also caused by some users
- pushing the firewood too far into the stove, thereby causing an inade-
- quate air supply.

- 1/ Although an English languaae version of 'this pamphlet is included in Appendix
2, a Nepali version was the one actually distributed in the three Districts
- affected by RCUP.

e
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Concern about the roof catching fire was caused to a large extent by
a failure of the stove technician to seal the chimney joints. As a re-
sult the hot exhaust flame ate away at a wooden beam against which the
chimney was resting. The beam was startino to smoke and catch on fire
when the household head detected the problem. A considerable amount of
convincing (via assorted demonstrations) was required to calm users'
fears about the potential fire hazard of the improved stoves.

A fol1ow-u¥ study by Karen Roesingl/ 1in December 1982 and
February 1983 also conducted a survey in Chhoprak Panchayat of 60 house-
holds which had received improved stoves. Households using the new
stoves to some extent represented just 58% of the sample; 42% were not
using the new stoves. Nearly 72% reported having and using an
agena,2/ especially 1in preparing feed for animals, distilling
alcohol, making tea or snacks, and keeping warm during the cold season.

[

Users' perceptions were that the new stoves required a longer time
to cook meals (63% of respondants), but they resulted in the same or
greater convenience (68%) and yielded fuel savings (50%) compared to the
traditional chulo. Most respondants also answered that adequate 1ight
and heat were produced by the new stoves. Poor promotion and extension
effectiveness was a complaint of 65% of the respondants.

Only 30% of the households surveyed had stoves which did not require
repairs of some type. Nearly two thirds of the new stoves exhibited
breaks or cracks. However, most of these damaged chulos were still
functioning effectively.

A11 interviewees responded positively towards the smokelessness of
the new stoves. Some individuals acknowledged the beneficial health
impact of less smoke. Several interviewees remarked that their houses
stayed cleaner since they began using the smokeless chulos. However,
many of the househoids sampled had never, or only infreguently, cleaned
their chimneys.

d) Implications for Benefit-Cost Analyses

The observations from Bajracharya's and Roesing's studies suggest
several paths for investigation through benefit-cost analysis: -

(1) Alternative Pricing Policies -- Since the chimney comprises
about two thirds of the total cost of purchasing a stove assem-

bly, the households receiving smokeless chylos should probably
be required to absorb a large fraction of the cost for the

1/
2/

See Karen Roesing, "Early Progress of the New Stove Program in Gorkha: Report

to the RCUP", unpublished paper, December 1983.
An agena is a tripod constructed of metal upon which a single pot is placed

over an open fire,
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chimney. The rationale is that the household members capture
almost all of the ben2fits produced by chimneys, i.e., improved
health. Although the household captures all fuelwood savings,
1t shares many other benefits (less soil erosion, less time for
gathering fuelwood, increased fodder) from decreased fuelwood
consumption with society as a whole. Sound public finance
theory would suggest, therefore, that Nepalese households
should receive significant subsidies for accepting and using
the improved stove inserts, but much smaller subsidies should
be given for chimneys.!

(2) A Stove Extension and Repair Program -- The high incidence of
cracks and breaks in the tmproved stoves, as well as the sig-
nificant fraction of those installed which are not being used
frequently, suggest that the introduction of a systematic pro-
gram of repair and instruction in proper maintenance and opera-
tion might yield an impressive flow of net benefits. A renair
program will probably be a cost effective alternative to in-
stalling a new stove. Such a program promises to extend con-
siderably the economic 1ife of the new stoves, which currently
is estimated to average approximately five years.?

(3) Manufacture of Stove Assemblies in Rural Areas -- In the early
days of the stove program in Gorkha, local artisans were
trained to manufacture stove inserts and chimneys. This ap-
proach was discontinued in Gorkha but i{s being utilized in
Myagdi.3/  Further analysis might reveal net benefits from
either expanding production in Myagdi to supply all districts
from that source, or manufacturing improved stoves in Gorkha
and Mustang as well as Myagdi.

(4) Test Additional Desians -- Household complaints about various
aspects of the Magan stove and its chimney suggest that addi-
tional experimentation is required with respect to design.
Incremental benefits and costs should be estimated for alterna-
tive designs  such as iron ring stoves and improved access to
chimneys for cleaning.

2. Benefit-Cost Analysis of Improved Stoves Program

a) Description of Installations in Each District

The distribution of improved stoves within Gorkha District has con-
centrated on =hhoprak and Gorakhkali Panchayats. In Myagdi District the

1/

2/
3/

A caveat, of course, is that households might not want to switch to using
1w?roved stoves unless they can receive the smokeless benefits produced by
chimneys.

See Campbell and Bhattarai (1983), p. V-17.

This experience is discussed in Section b(l).




Program began in Beni, but more recently the area near Arghunge has been
emphasized. With respect to Mustang District, the program began in
Muktinath, but more rocently has concentrated on Jomsom, Lete, and
Marpha.

Compared to Gorkha, the special problem presented by Myagdi is high
transportation cost. The cost is Rs. 44 to transport a prefabricated
stove assembly from Kathmandu to Pokhara; an additional Rs. 200 is re-
quired to move it on up to Myagdi. The stove inserts and chimneys could
be manufactured in Phanga Panchayat (Parba District) for Rs. 100 (versus
Rs. 80 in Kathmandu), but the transportation cost from Phanga Panchayat
to Myagdi is only Rs. 80. If the quality of Phanga Panchayat stove
assembiies can be maintained at an acceptable level, they will clearly
be a cost-effective substitute for purchasing them in Kathmandu. Fur-
ther, breakage loss will almost certainly be reduced. The FY 8}/84 tar-
get for Myagdi was not met because the first shipment of 37 chulos
arrived broken.

In Mustang the type of improved stove distributed in Gorkha has
proved unsatisfactory, since it gives off little heat. Consequently,
a1l the stoves installed during FY 83/84 were {iron-ring chulos with
chimneys. The iron-ring chulo has been given priority in Mustang be-
cause, in addition to cooking, it radiates more heat than the standard
Magan design. Essentially, the iron-ring chulo is a traditional mud
chulo with concentric iron rinas inserted over the cooking holes. By
varying the number of rings the size of the cooking hole can de made
larger or smaller, thereby providing a tighter fit for pots. This abil-
ity to provide a tighter fit means that the fuel efficiency of the iron-
ring chulo with chimney is about the same as the Magan design. A six-
ring set costs Rs. 360 in Kathmandu, and Rs. 160 i1s the average cost of
transporting it from Pokhara up to Mustang. This level of cost means
that the investment required in Mustana (Rs. 520 for iron rings plus the
cost of constructing a mud chulo and the chimney) is much higher than
that required for Gorkha (Rs. 80 for the stove and chimney in Kathmandu
plus Rs. 28 for transportation to Gorkha) to achieve roughly the same
reduction in fuelwood consumption.

As is evident from this discussion of differences in transportation
costs and environmental characteristics, the chosen solutions for stove
design and even location of the manufacturing facility have varied
across districts. The extent to which these choices have been efficient
ones will be revealed by the comparison of estimated benefits and costs.

b) Costs

Four categories of costs will be estimated and analyzed: production
of the stove assemblies; transportation, first to the District Centers,
then onward to the recipient households; installation; and administra-
tion/extension.
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(1) Production of the Stove Assemblies

A different solution has evolved in each District, as discussed
in Section C.2.a. The improved stoves being promoted in Gorkha are
purchased as a prefabricated unit in Kathmandu. A negligible amouny
of foreign exchange is 1involved in the manufacturing process.l
Local clay is the main raw material, local potters provide the
skilled labor, and fuelwood is used to fire the kilns. Only trans-
portation of the clay, representing about 2% of total cost, contains
any imported inputs. Currently, the retail grice of the complete
stove assembly, {including chimney, is Rs. 80, and the wholesale

price is Rs. 48.

Since the stoves being distributed in Myagdi are now being made
nearby, they would have essentially zero foreion exchange component
in their manufacturing process. Prior to local manufacture, prefab-
ricated stove assemblies were carried in from Kathmandu. Production

cost_{or wholesale price) near Myagdi 1is Rs. 100 per stove assem-
bly,2/ but of course transportation savings more than make up

for the higher production cost compared to Kathmandu.

Mustang District depended on stoves brought from Kathmandu up
until FY 83/84. Then the switch was made to promoting iron-rings.

The iron-rings are manufactured in Kathmandu at a retail price of
Rs. 360 per six-ring set. Approximately one-thirdd/ of the

total manufacturing cost is comprised of foreign exchange cost,
since the iron must be imported.

The quantification of production costs is presented in Appendix
3. These costs are shown to be incurred for the fiscal year in
which the installation was completed.

(2) Transportation to District Centers and Households4/

Lorry transport of stove assemblies from Kathmandu to Gorkha
costs Rs. 856 for an average load of thirty stove assembles, or Rs.
22 each, which is paid for by RCUP. Of that total, approximately
63% or Rs. 18 represents foreian exchange operating costs of the
lorry, the remainder being the driver's wages. Porterage costs of
moving the stove assembly to the recipient household 1s borne by

that household.

174

2/

3/
4/

See Community Forestry Development Project, Field Document No. 10, "Introduc-
tion of Improved Stoves for Domestic Cooking in Mepal," (July 1984), Chapter
I, page 25, for a summary of production cost components.

This price is based on testimony by the RCUP Energy Technician stationed in
Myagdi District.

Based on testimony of the RCUP Energy Specialist.

The cost estimates in *n's section are based on RCUP records kept by the

Energy Specialist.
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Lorry transport of stove assemblies from Kathmandu to Pokhara
(the staging point for porterage to Myagdi and Mustang) costs Rs.
1,329 for an average load of thirty stove assemblies, or Rs. 44
each. Of that total, approximately 61% or Rs. 27 represents foreign
exchange operating costs of the lorry, the remainder being the
driver's wages. An additional Rs. 200 per stove is the cost of
porterage from Pokhara to Beni, the District Center of Myaadi. How-
ever, if the stove assemblies are manufactured in nearby Parba Dis-
trict, porterage cost is reduced to Rs. 80 per unit.

Iron rings for Mustang must be transported b4y 1lorry from
Kathmandu to Pokhara. The average cost per six-ring set is Rs. 2,
of which about 60% represents operating costs of the lorry. Porter-
age costs, Pokhara to Jomson, are an additional Rs. 160 per set.

The foreign exchange component, therefore, is a small fraction
(11% for Kathmandu/Myagdi, less than 1% for Kathmandu, and zero for
Parba District/Myagdi) of average transportation cost except for the
Kathmandu/Gorkha trip (63%). Conversely, the unskilled labor com-
ponent for porterage service is high (100% for Parba District/
Myagdi, 99% for Kathmandu/Jomson, and 82% for Kathmandu/Myagdi). It
s important analytically to estimate the fractions of total costs
which are foreign exchange and unskill¢d labor components since,
typically, each will have a social opportunity cost which is differ-
ent from its market price. This point will be considered further in
the analysis section.

From District Centers to the stove installation site, the reci-
pient households provide self-help porterage to transport the stove
assemblies. Since the timing of this activity is decided by the
household, the logical assumption is that the self-help porterage
occurs at an off-peak time with respect to household labor require-
m$nts. Thus, the social opportunity cost of this activity is proba-
bly zero.

(3) Installation in the Household

Ae¢ indicated in the case study of Section C.l.a, the costs of
instaliing the stove assembly is shared between RCUP and the recipi-
ent household. The labor input of the stove technictan from RCUP is
paid by the project. He actually performs the skilled labor of in-
stalling the stove insert and chimney (or the irom rings in the case
of Mustang). The household members are consulted in determining the
location of the new stove, and one household member assists the
stove technician during installation. The raw materials required
for constructing the brick frame for the stove (clay, water, about
twenty bricks) are provided by the household. As with self-help
porterage, it is assumed that the social opportunity costs of these
household inputs are zero, except for the bricks. ’

s b
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(4) Administration/Extension

Again, the case study discussion describes the labor inputs of -
the RCUP Enerqy Specialist and Energy Technician, the costs of which -
are patd by the project. Essentially all efforts of the individuals _
have been conceritrated on promoting the adoption and use of the new
stoves. Only insignificant efforts have been expended on extension
activities in the areas of stove and chimney maintenance and repair.

(5) Other Potential Costs

Various other cost cateagories are alleged to accompany the use
of the improved stoves. One hypothesis {s that the reduction in
smoke causes an increase of termite infestation In beams and other _
construction materials made from wood. One counter claim {s that °_
termites only damage green wood; dried wood or wool in older houses _
should not be affected.l/ Others assert that sufficient smoke
is released during the colder months, when an cpen fire is used for
warmth, to keep termites away even {f the smokeless chulos are
adopted. It seems, therefore, that insufficient evidence exists to
claim that an increase in house maintenance costs will follow a
decision to install and use a smokeless chulo. )

Increased labor for wood splitting is another hypothesis. The
improved chulos require smaller pieces of wood, so more time will be
required to reduce large pieces to the appropriate size. A counter
argument is that this potential increase in wood splitting effort is -
probably more than offset by the one-third or more savings in fuel- -
woog consumption which results in decreased demand for splitting
wood.

Finally, increased cooking time of the new stoves is alleged to
require more labor by the women of the househoid. This argument can -
be rejected easily, since many other activities can be undertaken
during the longer time the focd is cooking.

None of these potential cost categories appear to have suffi- _
cient empirical evidence to support their inclusion as ‘legitimate
incremental costs. As a result, this analysis will be concerned
only with the four major cos”? categories described above.

c) Benefits

There are two main categories of benefits generated by the improved
stoves: decreased consumption of fuelwood and decreased smoke inhala-
tion and irritation. The former is more easily measured than the lat-
ter. Yet the smokeless characteristic of the improved stoves is more
frequently cited by households as a benefit.

1/ See Roesing (1983), p. 6.
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(1) Decreased Consumption of Fuelwood

The most recent and most authoritative estimates of savings in
fuelwood consumption are contained in the July 1984 report of the
World Bank's Community Forestry Development Project (CFOP).1l/
That project 1s promotina and installing a stove design simflar to
the improved stove being distributed by RCUP. Its fuelwood savinas
estimates, because of this technical similarity, would seem to be
applicable to the households using new stoves distributed by RCUP.

The CFDP report?/ estimates that fuelwood savings per in-
stalled new stove range from 462 to 1,088 kg annually. The mean
savinas estimate is 735 ka per year per installed stove. This aver-
age includes households which do not use the new stoves at all as
well as those which use them exclusively. The incidence of house-
holds which do not use the new stoves at all {s 30%.

The fuelwood savings estimate in the July 1984 report is 20%
higher than the average savinox of 609 kg per household per year
reported by CFDP one year earlyer. No explanation is offered in
this year's report regarding the increased savings. This discrepan-
cy suagests that our estimates of net benefits should be tested for
their sensitivity to large differences in estimated fuelwood sav-
inas.

Within the RCUP geographic area, Roesing'sd/ survey re-
ports fuelwood savings percentages which are roughly the same as the
30% recorded by the CFDP report. Roesing's 1983 survey also esti-
mates average fuelwood savinas at 589 ko per household per year.
This estimate is only 3% helow that reported by CFDP for 1983. The
difference, 1984 vs. 1983, could reflect movement along a learning
curve, but there is always the alternative exp1anat10n of errors in
measurement or sampling.

NO estimates have beren made of the fuel efficiency of iron-ring
stoves. The testimony of users in the Mustano District is that the
iron rinas generate the same gquantity of fuelwood savinas as Magan
stoves due to the tighter fit around cookina pots. Studies need to
be carried out to test this assertion.

Regarding the economic value of fuelwood savings, the study by
Campbe11 and Bhattarai (1983) reports an average market value of Rs.
11.25/Bhari (25 kg = 1 Bhari).4/ That estimate would apply to
Gorkha District. RCUP field checks in 1984 confirmed the validity
of that valuation.

1/
2/

See Communily Forestry Development Project, Field Document No. 10, op.
Chapter IV, p. 65.

Ibid.

3/ Tee Roesing (1983), p. 8, Fiagure 1.
See Campbe!1 ang Bhattarai (19R3), p. V-17.

4/

—mbib
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In Myagdi the average price of fuelwood {s estimated to be Rs.
18/Bhari based on RCUP field checks in 1584 and field raports in
1983. The prices range from Rs. 45/Bhar{ in Benf during the monsoon
(July-September) to Rs. 12/Bhari in Pakhopani. In both the eastern
and western regions of Myagdi District, fuelwood is abundant and
there is no market price.

In Mustang the average price of fuelwood is estimated to be Rs.
29/Bhari, according to an RCUP field check in 1984, This average
spans low estimates of Rs. 25/Bhar{ in the south near pine forests
in Ghasa and Lete to Rs. 50/Bhari in the north near Jarkot where a
four-day trip might be required to collect a Bhari of fuelwood.

(2) Decreased Smoke Inhalation and Irritation

A1l studies of users' perceptions about the improved stoves
report decreased smoke in the household as the most beneficial char-
acteristic. Quantification of benefits from smokelessneass depends
upon twc types of data: measures of the quantity of smoke and of
the decreased incidence of morbidity and mortality. Neither type of
data exist for Nepal.

Measures of smoke intensity are being carried out during
August-December 1984.1/ These measures will be included in our
final report. An attempt will be made to estimate changes in mor-
bidity, and in the accompanying time away from work, based on esti-
mates from similar studies on other countries. At minimum the smoke
intensity measures, in households using the traditional mud chulos
compared to those using improved stoves, will provide the first
quantification of the extent to which the new smokeless chulos can
really make a difference in air quality within the household.

d) Analysis

Previous benefit-cost analyses of improved stoves in Nepal have
focused on the pay-back period -- how rapidly the cost of the stove can
be repaid by fuelwood savings -- and on their cost-effectiveness com-
pared to the alternative of supplying additional fuelwood by establish-
ing fuelwood plantations. Campbell and Bhattarai (1983) conclude that
“the cost of the stove (Rs. 70-Rs. 75 with installation and transporta-
tion) is repaid within three months of 'average use."'2/ They go on
to compare the costs of establishing and protecting a fuelwood planta-
tion (estimated to be Rs. 37.50/ton of fueiwood produced over a ZO-year
1ifespan) with that of saving a ton of fuelwood by distributing improved
stoves (estimated to be Rs. 24.00/ton assuming a five-year 11fespan).

1/ At the time this study was typed, Holly Reid's data on smoke pollution in
Nepal's households had not been analyzed.
2/ Campbell and Bhattarai (17R3), p. V-17.

I
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Their final observstion is "If the 1ifespan of the stove can be in-

creased, or the deyree of average use per household increased, this
figure could be fur€ﬁer improved. !

There are three major problems with the Campbell and Bhattarai anal-
ysis. First, the costs of designing and administering the stove program
have not been included, thereby understating the length of the payback
period. Second, their study does not indicate whether the cost compari-
son 1s based on the present value of comparative costs (discounted over
the indicated 1lifespans at an appropriate discount rate). If not. other
biases are introduced, tha direction of which is impossible to determine
without examination of annual cost estimates for both the plantation and
the stoves program. Third, they do not perform tests of the sensitivity
of their conclusions to significant variations in their assumptions with
respect to fuelwood savings, fuelwood price, and other key variables.

Some of these shortcomings are addressed in the CFDP Field Report
No. 10. In that report Figure 13 provides the basis for sensitivity
tests by showing low, mean, and high estimates oF fuelwood savings. The
analysis of the range of estimates also considers the impact of substan-
tial variation in the price of fuelwood. They conclude that “the stove
has paid for itself within the year unless the real cost of fuelwood
drops below Rs. 0.33. Using the more realistic cost of Rs. 0.50 per
kilogram of fuelwood, the stove pays for itself in one year even 1f we
include an almost 100% overhead cost for running the programme and take
the lowest estimates."2/

Nevertheless, their analysis does not offer any evidence that the
inclusion of "100% overhead cost for running the programme" provides an
acceptable measure of that cost component. The implication of their
statement is that they are estimating overhead as 100% of the cost of
purchasing, transporting, and installing the stove. If so, their esti-
mates of overhead cost is too low. As will be demonstrated below, the
overhead cost of the RCUP program is much higher than fuelwood savings
in the initial years of the RCUP improved stoves program. Since the
CFDP has an overhead structure which is roughly similar to that of RCUP,
the true overhead cost of CFDP 1is probably much higher than that as-
serted in their Field Report No. 10. In cases where the costs are
higher than the benefits in the init.ial years (which is the typical case
for development projects), the payovack period will usually be several
years. That situation requires that the present values of the streams
of benefits and costs be calculated (using an appropriate discount rate)
over the 1ifespan of the improved stoves.

1/ 1Ibid.
2/ Egmmunity Forestry Development Project, Field Report No. 10 (July 1984), p.

ik
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Another problem with the Campbell and BRhattarai study and the CFDP
Field Report No. 10 is that they do not analyze the estimated net bene-
fits from inftiating a stove repair program. In CFDP ~ield Report No.
10, they recoanize the potential value of a repair program by stating
that “consideration should be given to arranging that the replacement of
broken parts and their correct installation will be the responsibility
of the recipient hcusehold. To facilitate this, the stove instalier
should have easy access, on a commercial basis, to stove components for
replacement. Against payment, he could then assist all recipient house-
holds with repairs and maintenance."l/ However, they do not go on
to appraise the benefits and costs of a repair and maintenance program.

This analysis attempts to take account of all these factors. The
first section analyzes the costs of operating the RCUP improved stoves
program during FY 80/81-FY 84/85 and the benefits attributable to fuel-
wood savings over the 1ifespan of the stoves actually installed through
FY 83/84 and targeted to be installed during FY 84/85. The second sec-
tion assesses the net benefits to be yielded by a stove maintenance and
repair proaram. The third section evaluates health benefits, and the
final section presents our recommendations for adjusting targets in this
RCUP activity.

(1) Benefit/Cost Analysis of Fuelwood Savings in the Existing RCUP

Improved Stoves Proaram

Detailed estimates of benefits and costs by HMG fiscal years,
FY 80/81 through the lifespan of the stoves, are presented in Appen-
dix 3. T'mportant assumptions used as the basis for quantifying
benefits ad costs are summarized below:

(a) fuelwood savings per installed stove are estimated to
average 735 ka/year;

(h) the average price of fuelwood is estimated to be Rs.
0.44/kg in Gorkha, Rs. 0.72/kg in Myaodi, and Rs. 1.16/kq
in Mustang;

(¢} the price of the stove assembly (including the stove in-
sert, the chimney, and other smaii parts) is Rs. 80 for
stoves installed in Gorkha (manufactured in Kathmandu) and
Rs. 100 for stoves installed in Myagdi (manufactured in
Parba District, southeast of Berni); the price of & set of
six iron rinas (manufactured in Kathmandu) for installa-
tion on traditional mud chulos is Rs. 360;

(d) the lifespan of improved stoves and iron rings is esti-
mated to be 5 years and 15 years respectively;

1/ CFDP Field Report No. 10, p. 34,
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(e) transportation of stove assemblies to District Centers f{s
via lorry from Kathmandu to Gorkha, via porter from Parha
District to Beni (Myagdi), and via lorry from Kathmandu to
Pokhara with onward porterage to Jomson (Mustang):

(f) transportation of stove assemblies and iron-ring sets from
District Centers to the installation site is via porterage
arranged or performed by the recipfent household;

(q) installation is accomplished by RCUP technicians with some
1a?or and materials being provided by the recipient house-
holds.

RCUP pays for the stove assembly (or iron rings), transporta-
tion to District Centers, and the time required by stove technicians
to install the new stoves or iron rings. Recipient households con-
tribute installiation materials (clay, water, bricks) and assist the
stove technician durina installation.

These assumptions, and others described in the footnotes to
Appendix 3, are the foundation of our estimates of benefits and
costs. Panel I of Appendix 3 presents estimates of benefits -- the
value of fuelwood savings -- for each district by groups of stoves
installed in a particular HMG fiscal year. An estimate of benefits
is made for each year in the assumed five-year 1lifespan of each
group of stoves. Summina across all aroups gives total benefits
estimated for that district in each fiscal year.

Costs are summarized in Panel Il of Appendix 3. Consistent
with the organization of the estimates for benefits, costs are pre-
sented for each district by HNG fiscal year. This procedure facili-
tates comparisons of econamic efficiency not only across districts,
but also by year in which the stove: were installed. The ability to
compare performance across districts is important since different
sources are used to supply stove parts for each district, and since
fuelwood prices are different in Gorkha, Myaadi, and Mustana. It is
also useful to ‘compare performance by installation year since
different numbers of stoves were installed in each fiscal year.

Panel III of Appendix 3 translates the Panel I and Il estimates
of benefits and costs into present values with respect to FY 80/81,
the beginning year of RCUP. Oiscount factors are based on an as-
sumed 10% per year social opportunity cost of capital. This rate of
interest is used by the World Bank in its economic analyses of Nepal
orojects. Calculations of present values permits the summary of
benefits or costs across years to arrive at an estimate of net

1N
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benefits, i.e., benefits/costs, which is the theoretically superior
measure of economic efficiency.l/ Panel II! also presents
estimates of benefit/cost ratios for each district.

Panel IV performs several sensitivity tests to determine the
extent to which the efficiency measures are affected by chanages in
the values of key variables. Changes in assumptions about fuelwood
savings, fuelwood prices, and the 1{fespan of improved stoves are
examined. Also tested is the extent to which "shadow prices" of
unskilled labor and foreign exchange affect the economic efficiency
measures.

A graphical illustration of the time paths of present values
for net benefits (B/C), based on Panel I[II in Appendix 3, is pre-
sented in Figure III-1.

Although Figure IlI-1 shows neqative net benefits for the ini-
tial years of the RCUP, the positive net benefits in subsequent
years are sufficiently large to result in overall positive net bene-
fits, and B/C ratios which exceed 1.0, in all districts under the
original set of assumptions. This result i{s presented as the "Base
Case" in Table III-2.

From these positive values of benefits/minus costs the ronclu-
sfon follows that the RCUP improved stoves program represents an
efficient allocation of resources in all three districts. Further-
more, this conclusion is generally robust even when confronted by
sianificant and adverse changes in estimates of benefits:

** {f fuelwood savinas decline to 4622/ kg/installes

stove/year, a decrease of 37% vs. the 735 kg assumed in the
Base Case, net benefits are still positive and B/C ratfos

still exceed 1.0 in all districts;

** {f fuelwood prices are 25% lower3/ than in the Base
Case and fuelwood savings decline to 462 kg/installed stove/
year, net benefits remain positive in Gorkha and Mustang but
become s1ightly negative in Myaadi.

1/
2/
3/

A discussion of alternative measures of economic efficiency appears in
Chapter I.

Thepsignificance of the 462 kg estimate 1s that it is the lowest fuelwood
savings estimate in CFDP Field Report No. 10, Fiqure 13.

A 25% drop would chanage the fuelwnod price in Gorkha from Rs. 0.44/kg in the
Base Case to Rs. 0.33/ka, which is the lowest price examined in the CFDP
Field Report No. 10, p. 64.
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FIGURE III-I

PRESENT VALUES OF NET BENEFITS FROM FUELWOOD SAVINGS: RCUP
IMPROVED STOVES PROGRAM IN GORKHA, MYAGDI, AND MUSTANG
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TRBLE III-2
ECONOMIC EFFICIENCY OF ROLP IMPROVED STOVES

PROGRAM BASED (N FUELWOOD SAVINGS

FOR STOVES IISTALLED IN. |
EFFICIENCY MEASURES i
(A1 figures are in Nepalese Rs.)
1. Base Case
K. Present Values @ i=10% Year:
1. Benefits 526,195 218,372 189,075
2. Costs 221,559 129,161 87,802
3. Benefits-Costs 34,538 8,201 101,273
B. Ratio, BAC .37 1.69 2.15
II. 1f Fuelwood Savings are 462 kq/Year
K.~ Present Values @ 1=10%/Year:
1. Benefits 3,766 137,269 118,853
2. Costs | 21,559 129,161 87,802 |
3. Benefits-Costs 109,207 8,108 k) B0 S
B. Ratio, B 1.49 1. .35
111. If Fuelwood Savinas are 462 kg and
FueTwood Prices are 25% Lower
K. Present Values @ 1=10% Year:
1. Benefits 248,232 102,952 89,140
2. Costs 221,559 129,161 87,802
3. Benefits-Costs ) (25,208 o<~ |
B. Ratio, B/C 1.12 0.80 1.02
Iv. If Lifesgan of Stoves is 3 Years
Present Values @ 1=10%/Year:
1. Benefits 398,688 165,461 *
2. Costs 221,559 129,161 *
3. Benefits-Costs 177,18 30,30 *
B. Ratio, B 1.80 1. *

* Indicates not applicable since iron rings are used in Mustang.
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** {f the lifespan of the improved stoves is reduced to three
years, compared to five years in the Base Case, net henefits
are sti11 positive 1n Gorkha and Myagdi (Mustana 1s excluded
because iron rings are being installed there instead of
improved stoves.

The payback period was the economic efficfency measure used in
the CFOP Field Report No. 10. That study reported payback period of
less than one year for improved stoves which are almost identical to
those being distributed by RCUP. Problems with the CFDP analytical
approach were discussed earlier. Presented in Table IIl-3 are esti-
mates of payback periods for the RCUP program.

Only one of the payback periods (taraeted FY 84/85 stove in-
stallations in Gorkha District) 1s below one year. In view of the
RCUP history of failing to achieve the targeted number of stove in-
stallations, the actual payback period for Gorkha in FY 84/85 might
turn out to exceed one year. The clear message from this analysis,
therefore, is that payback periods of less than one year are proba-
bly incorrect. A more realistic estimate would be 1.5-2.0 years or
higher. The outcome is mainly a function of two variables: the
amount of fixed installation and administrative costs allocated to
the stoves program, and the number of stoves installed.

The hiah payback periods for FY 81/32 and FY 82/83 in Myagdi
and for all fiscal years except FY 84/85 targets in Mustang suggest
that considerable inefficiencies in manaacement or resource alloca-
tion are present in those districts. In Myagdi only seven stoves
were installed in FY 81/82 and 20 in FY 82/83; in Mustang comparable
figures were seven stoves in FY 81/82, three stoves in FY 82/83, and
nine sets of iron rings in FY 83/84. C(Clearly the level of activity
in FY 81/82 in both districts and FY 82/83 in Mustang is economical-
1y inefficient from the perspective of fuelwood savings: the payback
periods are infinite, f.e., there are insufficient benefits being
generated to pay for the costs involved. Mew taraets should be set
at more economically efficient levels, at least 20 or more stoves or
iron rinas installed per year.

The results reported in Tahle IlI-2 were ‘tested for the sensi-

tivity of the measures of benefits and costs to converting the mar-
ket prices to "shadow prices" for foreian exchange and unskilled
labor inputs. A negligible impact s reported for shadow pricing of
foreign exchanne, since it represents such a small percentace of
total costs .1/ Although unskilled labor represents a high per-

centage of .ome cost components (porterage and household labor to

1/ The most significant foreian exchange cost would be manufacturing costs for
fron rinas, estimated ts contain one-third foreian exchange costs; but that
is less than 10% of total costs of installing iron rings.

| Y
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TABLE II!-3

NET BENEFITS STREAM AND PAYBACK PERICD BY INSTALLATION YEAR

PV OF NET COSTS | PV (F BENEFITS
TNSTALLATION | IN INSTALLATION |  OVER STOVE NET PV, | RATIO, | PAYBACK
YEAR YEAR LIFESPAN Bl BL | INYEARS
. Gorkha
1T FY a/e2 (64,619) 136,399 7,780 2.1 1.6
2. FY /83 (30,826) 65,545 3,719 2.1 1.5
3. FY &3/84 (59,307) 104,673 45,366 1.8 2.0
4. FY 84/85 (66,807) 219,578 152,77 3.3 0.8
)
M 81/82 (17,459) 11,159 (6,300) | 0.6 o
2. FY ®2/83 (27,385) 28,968 1,603 1.1 4.4
3. FY g3/84 (38,642) 89,597 50,965 2.3 1.4
4. FY 84/85 (45,675) 88,628 42,953 1.9 1.7
. s
r‘??m /%2 (26,906) 17,960 (8,96) | 0.7 @
2. FY /83 (13,832) 7,006 (6.%26) | 0.5 w0
3. FY &3/84 (19,838) 45,253 25,415 2.3 4.0
4. FY 84/85 (27,226) 118,8% 91,610 8.4 1.8
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assist installation), it too comprises & low percentage of total
installation costs. Conseauently, shadow pricing of unskilled labor
also has a negligible effect on estimates of costs.

(2) Net Benefits from a Stove Maintenance and Pepair Proaram

None of the stove improvement programs in Nepal has a formal
program fyr maintenance and repair after the stoves have been in-
stalled. ! Yet the consistent testimony from surveys -of users
of the improved stoves is that 9% or more of the new stoves are not
being used because they have been cracked or broken.2/ Fur-
ther, 60% or more ¢~ instalied stoves seam to have some sort of
break or crack after cne year of use, even thouah most of those
stoves are still befng usad.3/

The potential net benefits from a stove maintenance and repair
program, therefore, are l1ikely to be large. A rough estimate of the
benefits and costs of such a pregram is presented in Panel 1V of
Appendix 3. These estimates are derived from the following assump-
tions:

(a) the program would be introduced in FY 84/85;

(b) stove technicians could service the needs of two stoves
per workina day, or an averace of 360 stoves annually
based on 180 workina days per year;4

(c) an average of two visits per stove per year will probably
?e required for both stove repair and chimney clean-
na;

1

2/

3/

4/

The stove technicians associated with the RCUP proaram have done small re-
pairs and cleaning of chimneys in the context of helping take surveys about
stove use. The CFOP and the Appropriate Technoloqy Unit of ADR/Nepal have
concentrated, 1ike RCUP, on promotion and installation.

See CFDP Field Report No. 10, Tables 7 and 8, for the most recent (July 1984)
evidence about damaged stoves. Table 7 reports an average of 31% of improved
stoves not used after having been installed for one year. Table 8 reports an
averzas of 0L of resnondants who wera not using thair new stoves whe sald
the reason for non-use was that the stove was broken or cracked. Therefore,
9% if new stoves installed were not being used due to being broken or
cracked.

The study by Campbell and Bhattarai (1983) reported 60% of installed stoves
were cracked or broken (Table 3); Roesing (1983) reported two thirds of ir-
stalled stoves with some type of break (Fiaure 3).

Estimazes by RTUP eneray specialist.

Bl |
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(d) benefits would be (a) for stoves which are currently in
use, extending the average 11fespan by three years as well
as eliminating half of the 10% per year annual deprecia-
tion of benefits assumed in the Base Case, and (b) for
stoves which were {installed but are not now beina used
because of damage to chimneys or~ Inserts, putting these
stoves back into service.

Based on the 344 stoves installed in Gorkha through FY 83/84,
and assuming 10% breakaae, the number of stove technicians would be
1.7 to inspect the already installed stoves during FY 84/85. The
targeted 300 new stoves for FY 84/85 will require an additional 1.7
stove technicians for Gorkha by FY 85/86. The total personnel re-
quired, therefore, would he approximately 3.5 stove technicfans and
a half-time enerqy technician as a supervisor to operate a stove
maintenance and repair program in Gorkha District.

Simflar calculations yield estimates for one stove technician
and a half-time eneray technician/supervisor to operate a stove
maintenance and repair program in Myagdi for the 169 new stoves
which will have been installed by the end of FY 84/85. The half.
time energy technictan/supervisor required for both Myagdi and
Gorkha could be satisfied by one individual who would commute be-
tween the two districts. No personnel are required for Mustang,
since iron rings installed on traditional mud chulo: are being dis-
tributed there.

Operating costs are assumed egquivalent to salss=fas and travel
costs for FY 84/85 in the Base Case, but enlarged nivyortionate to
the larger size staff. Cost estimates are not rcduced in later
years, even though some depreciation will certainly occur in number
of stoves being used, since any reduction in staff size (due to
fewer stoves) is assumed to be offset by increasina expenditures on
replacement parts.

The economic efficiency measures estimated for the stove main-
tenance and repair program are summarized in Table II1-4.

Although the stove maintenance and repair program would be an
efficient allocation of resources under the assumption of the Base
Case, the opposite conclusion would follow if fuelwood savirgs drop
down to 462 ko/year per installed stove. The program becomes even
more {nefficient if fuelwood prices were to drop Z5% beiow tne Base
Case, as shown in Case II.

Of course the results presented in this section consider fuel-
wood savings as the only source of benefits. The other main
sourve¢ -- health improvement due to decreased smoke -- will be anal-
yzed in the next section. Further, the stove maintenance and repair
program may have a more significant impact on fuelwood savings than
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TABLE III-4

ECON(."”. EFFICIENCY OF STOVE MAINTENANCE AND
REPAIR PROGRAM BASED ON FUELWOOD SAVINGS

FOR STOVES INSTALLEN IN: |
EFFICIENCY MEASURES [ GURRAK ] WYRGDT |
I. Base Case
K. Present Values ® 1=10% Year:
1. Benefits 240,396 98,862
2. Costs 192,881 70,636
3. Benefits-Costs . 47,51% 23,225
B. Ratio, B/C 1.25 1.40
I1. If Fuelwond Savinas are 462 kg/Year
and Fuelwood Prices are 25% Lower
K. Present Values ® 1=10% Year:
1. Benefits 113,407 46,638
2. Costs 192,881 70,636
3. Benefits-Costs {79,4784) (23,
B. Ratio, B/C 0.59 0.66
III. Same As Case II With Visits To
Households Reduced to Unce Annuall
K. Present Values ® 1=10%/Year:
1. Benefits 113,407 46,638
2. Costs 96,446 35,318
3. Benefits-Costs 16,9067 11,320
B. Ratio, B/C 1.18 1.32
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the assumptions made herein would suggest. More likely 1s the pros-

pect of reducina household visits to an average of once annually.
This result might be achieved through adult education proarams de-

signed to fnduce households to perform at least half the repairs
{especially chimney cleaning) themselves. If this could be accom-

plished, the proaram would yield positive net benefits again, as
shown in Case III of Table IIl-4.

(3) Quantification of Health Benefits

As already noted, sianificant reduction in the amount of smoke
is the most attractive aspect of improved stoves from the viewpoint
of users. Until recently, there have been no data which might be
used to quantify the benefits from reduced smoke pollution inside
Nepali households. SECID's Center for Women in Development sponsor-
ed a fellowship for Ms. Holly Reid to collect data ori smoke exposure
in Nepali households during July-December 1984. Ms. Reid 1s now
analyzing the data she collected. Her results are expected to be
available in the spring of 1985.

Her preliminary findings hold cut the promise of significant
benefits beinq realized from reduced smoke pcllution ingide Nepald
houses:

"Carbon monoxide results were i-mediately available upon
the completion of each household test. Preliminary averaging
indicates that the new stove results only slichtly cxceed the
World Health Crqanization (WHO) standard for allowable exposure
to CO for a one hour period of 35 parts per million (ppm.) CO
resi1ts from oid stove tests greatly exceed, on order of magni-
tude, even the highest allowable occupational health standard
(United States) of 50 ppm for an efaht hour workina day. These
results alone signify that the new stove chimney functions to
help rid the indoor cookina environment of very larae aquanti-
ties carbon. monoxide, ifust one harmful constituent of smoke
produced throug the burning of biomass fuels."l/

Reid's preliminary findings also add evidence that health bene-
fits from reduced smoke exposure are perceived as being the highest
priority benefit from RCUP's improved stoves:

1/ From Holly F. Reid, "An Evaluation of RCUP's Improved Stove Program with
Special Emphasfs on Smoke Exposure and Its Health Implications", Preliminary
Summary of Observations and PRecommendations, July-December, 1984, p. 4.
Analyzed data results will be available through RCUP in early 1985. Initial
results measured carbon monoxide at an average of 60 ppm for the improved
magan stoves heing distributed by RCUP compared to 1,000 ppm for traditional
chulos! (Obtained from Holly Retid in personal communications.)
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"A11 new stove hcuseholds claimed there was a very signifi-
cant decrease in the amount of smoke in the cooking area due to
the installation of the chimney. More than half of both new
and old stove owners also stated that their first priority for
wanting the new stove was for smoke savinas. (Fuel savings was
most often declared as their second priority.) Health problems
assoctated to exposure to too much smoke included: asthma,
weak eves, dizziness, headaches, "chest paints", inflamed eyes,
runny :0se and coughina. Many househalds did not make a direct
correlation between smoke and health problems, Tiowever. Only a
few respondents directly attributed a particular 11 to the
smoke, such as: couahing up black mucous, mucous formation
around edge of eyelids, and chronic coughing, tearing and head-
aches durinag the cooking hours.l/

The 1ikelthood appears to he large, therefore, that the im-
proved stoves will be able to claim benefits due to decreased mor-
bidity and consequent savings in productive time. Quantification of
these health benefits will be included in the final version of this
study.

(8) Implications for Adfusting Taraets in RCUP

The results of our benefit-cost analysis as summarized in Table
I11-2, generally confirm the positive findinas from the Community
Forestry Development Procram with respect to the economic efficiency
of distributina improved stoves in Nepal. Our recommendation, l"
therefore, is that these targets should be increased. The distribu- :
tion of the improved stoves I3y RCUP exhibits such hiah B/C ratios :
that even a doublina or tripling of the volume of stoves beinag dis- :
tributed would be unlikely to brina RCUP into the area where costs
would start to exceed beneffts.

vhere are several important caveats, however:

(a) An implication of Table III-3 is that RCUP seems to have
used- inefficient ways to distribute improved stoves in FY
81/82 for Myaadi and in FY 81/82 and FY 82/83 for Mustana.
The estimated net present value of benefits minus costs is
negative for each of those situations. This result sug-

vests that there are economies of scale in stove distribu-
tion proorams. Althouah positive net benefits and B8/C

ratios which erceed 1.0 characterize the most recent time
periods, attention to {improved distribution techniques
could improve the economic efficiency of the proaram even
further. Thus, the suagestion made hy USAIN/Nepal to have
RCUP's stoves distrihuted by the Appropriate Technoloagy

1/ 1bid, p.S5.

%
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Unit of the ADB may result in additional economies of -
scale. 0f course ATU's distribution costs should be
compared to RCUP's before taking action on this
suggestion.

(b) The technical efficiency of the iron rings being distri-
buted in Mustang needs to be tested. At the present our
assumption, that the instaliation of fron rinas in tradi-
ticnal chulos makes the resultant combiration as energy-
efficient as the improved Magan desian, {s based on the
observation that traditional chulos used in Mustang are -
constructed similarly to the new desians being promoted by -
RCUP. The main performance differences are that the iron
rina stoves do not have a damper (which are not used often
on the improved Magan stoves, according to field observa-
tions by RCUP staff), and the fron ring conducts more heat
into the house.

N (¢c) Some experiments should be made in pricing policy to iden-
tify the extent to which Nepali rural residents are will- -
ina to absorb some of the costs of stove parts. The most
obvious component to be paid for by recipient households _
would be the chimney. As pointed out earlier, the health .
benefits from reduced smoke are captured entirely by the
individuals residing in that household. Sound public
finance would require those "ouseholds to pay for the
costs associated with those benefits, other thinas equal.

One thing which may not be equal, however, 1s the discount
rate to individual households compared to RCUP.1l/ _
From the viewpoint of RCUP and HMG, a 10%/year discount -
rate probably represents a valid approximation of the
opportunity cost of capital. It is legitimate, therefore,
to use the 10% rate to represent the viewpoint of whether -
the present value of the world-wide commitment of re-
sources to RCUP- activities is justified by the present
value of benefits realized. But if the farmer is con-
fronted by much higher costs of capital, the present
value of his perceived stream of benefits may not bhe
sufficient to equal or exceed his perceived costs. If so -
the result would be a sub-optimal number of {improved _
chulos being adopted by farmers' households.

This problem is a familiar one in project appraisal work
in developing countries. It deserves further analysis and -
experimentation hefore any changes are made in the current
heavily subsidized stove improvement proarams beina
financed by RCUP and other donor projects. -

1/ 1his observation was made to Jennifer Wood by Kenneth Darrow of RECAST/
Tribuvan University. He advised that the rate for farmers is more 1ike 50%.



«29-

(d) The other caveat concerns the desirability of a stove
maintenance and repair program. As mentioned earlier,
there seems to be aeneral aareement reaardina the desira-
bility of doing somethina to induce the recipients of
improved stoves to clean their chimneys and repair damaged
parts of stoves. Neither RCUP nor any other donor program
sponsors systematic repair and maintenance activities for
previously installed stoves. The economic analysis sum-
marized in Table III-4 indicates that such a program will
probably yield positive net benafits.

Although much more precise analysis should be done prior
to implementing a stove maintenance and repair proagram on
a large scale, its potential seems promisina enough to
Justify at least an experimental effort in, say, Gorkha.
A pilot project could be undertaken at fairly low cost and
would yield valuable data for analyzing the viability of
such a program. We recommend that RCUP's targets be ad-
Justed to include this experiment.

Solar Water Heaters

1. Overview

Nineteen solar water heaters have been installed in the RCUP project
area. The cost (about Rs. 9,000 for a 90-liter system fully installed) of
each system makes it impractical to disseminate solar watnr heaters to rural
househotds usina the same procedures followed for improved stoves. Also,
there is no fair way to distribute a few systems to indiyidual households.
Therefore, they are being installed in appropriate aovernment offices in the
three districts for the purposes of disseminating the idea and demonstrating
the use of the actual technoloay. For this reason, it is appropriate in
defining benefits to consider instances where solar ideas are adopted as a
result of RCUP's installations, as well as the direct benefits of the solar
water heaters themselves.

In RCUP's 1982 cost/benefit study, Leuschner described the benefits in
terms of the fuelwood that would have otherwise heen used to heat water.
This is an assumption which is unrealistic. Most of the Health Posts and
Livestock Sub-centers are less than four years old, and none of them used a
significant amount of fuelwood prior to the installation of the RCUP solar
water heater. It is more accurate to discuss the potential benefits of the
individual units, as well as any resultant adoptions of the technology.

The distribution of solar water heaters within Gorkha, Myaqdi, and
Mustang is summarized in Table [I1I-5. The technoloay has been the most suc-
cessful in Mustang hecause the people are ouick to employ new f{deas, and
because trekkers are a ready market for hot showers along this main trade
route, making private solar water heaters profitable (see Section D.3.).
The colder climate is also a factor affecting demand for heated water.

M
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TABLE IIl-5

DISTRIBUTION OF SOLAR WATER HEATERS BY DISTRICTS

—
—

|

A.

c.

Gorkha

Myagdi

Mustana

Fy 81/82

FY 82/83

FY 83/84

FY 81/82

FY 82/83

FY 83/84

FY 81/82

FY 82/83

FY 83/84

——

90 11ter, Balmandir Preschool, Gorkha Bazaar
90 titer, Gorkha Hospital (fndoor)

120 1iter, with storage capacity, Gorkha
Hospital (indoors) :

120 1iter, Livestock District Office, Gorkha
Razaar

60 1iter, Health Post, Bunkot

60 1iter, Livestock District Offfce, Beni
60 1iter, Livestock Subcenter, Pakhopani (out
of cormission)

60 1iter, Health Post, Beni

60 1iter, Health Post, Rakhu
90 1iter, Health Post, Tatopani
0 1iter, Health Post. Sikha

60 11ter, Livestock Sub-center, Dana
60 1iter, Livestock Sub-center, Chinikhola

60 1iter, Health Post, Jarkot (out of
commission)

60 11ter, Health Post, Tukche
60 11ter, Marpha Farm, Marpha
60 11ter, Health Post, Lete

60 1iter, School Hostel, Leote

60 1iter, Health Post, Marpha
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2. A Case Study: Tatopani Health Post

a) Rationale for Site Selection

The Health Post at Tatopani was built in 1972.1/ Health Posts
and Livestock Sub-centers, in general, are targeted for the reasons al-
ready stated -- visibility as well as the more obvious benefits of
cleanliness or health. The Tatopani Health Post is a larae one, serving
the surrounding four Panchayats, and is located on the main trail up the
Kaligandaki Valley. Therefore the site was chosen, and the water heater
was installed in July 1982.

A1l of the systems to he installed in a year are transported from
Kathmandu to Pokhara in a lorry. From Pokhara the solar water heaters
designated for Myaadi are carried up from Naudauda through Kushma for
approximately Rs. 250 per porter. One porter carries the tank and all
the fittings, the second carries the solar water heater and pipe, and
the third carries the glass.

Total installation time takes 1.5 days -- a half dsy for the health
post employee to gather the materials necessary fcr positioning the
solar panel (wood, rock) and one day for the plumbes, RCUP Enerqy Tech-
nician, and health post supervisor to install the system. At Tatopani,
and at all of the sites except the Livestock Subcenter in Dana, the sys-
tems are connected to a constant water source.2/

The Health Post's solar panel is located to %he east of the post,
directly in view of the main trail. An {llustration of the installation
is presented in Figure III-2. The site was chosen with the understand-
ing that two small trees standing right in front of it would be cut
down. With this aareed upon, RCUP technicians completed the installa-
tion. The solar water heater is still in place and so are the banana
trees. The extent to which the banana leaves are detractina from the
effectiveness of the water heater is uncertain, but this situation
represents some of the problems encountered in the course of
installation and operation, and extension in general.

To date, there has been no organized means of maintenance. In the
relatively visible high profile case of the Gorkha Hospital, -a broken
alass pane was replaced one year after installation. Aside from this
example in Gorkha, the general policy is that, after installation, the
system is the responsibility of the recipient. Twenty percent of the
solar water heaters installed are not being used. Out of these four

Information obtained from the Catchment Conservation Officer/Myagdi.

This means that water is tapped directly into the water storage tank for the
system. Dana's system will be connected to a water supply in 1984-85 when
the Livestock Sub-center is moved into the new RCUP buildinas.

B
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TATOPANT SOLAR WATER HEATER
HEALTHPOST
RCUP
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heaters not in use, three have not been properly installed and the
fourth (in Pakhopani, Myaadi) has blown off the roof three times. Each
time it has been put back in place by the post employees.

b) Costs

The compiete solar water heater assembly is purchased from Balaju
Yantrashala in Kathmandu. RCUP's costs break down as follows for the
heater in Tatopani:

Rs. 3,300 solar water heater (90 liter system)
800 water tank
1,500 pipe anf pipe fittinas
500 vehiclel/
750 porter2/
800 installation (plumber)
1,000 administrative
300 repairs (glass replacement and paint)
8,950

Of RCUP's 19 solar water heaters, 2 are 120 liter systems (Rs.
7,000), 4 are 90 liter systems (Rs. 3,300) and 13 are 60 liter systems
(Rs. 1,650). Costs of the water tank, pipe and fittinas, and transpor-
tation/installation/other are the same for each unit. The recipient
government post pays for the 1.5 days of garthering materials for the
positioning of the panel, assisting with the 1{nstallation, and any
repair time, as in the case of Pakhopani. .

c¢) BRenefits

Records of attendance at Health Posts and Livestock Sub-centers are
scarce and sporadic at best, so this discussion will cover potential
benefits of solar heated water. Water is clearly heneficial in preven-
tative medicine by increasing cleanliness. Since hot water can cut
grease more effectively than cold, it can clean more effectively. This
is especially true in.climates 1ike that of Mustang where many prefer to
remain unscrubbed rather than to wash in freezing water.

In several cases there was not a water source in the post prior to
the installation of the water heater. [¢ is probable that the availa-
bility of water will agreatly improve the standards of sanitation at
Health Posts and Livestock Sub-centers.

With no records, it is difficult to make precise conclusions regard-
ing the benefits of solar heated water to RCUP's three districts. It

1/ Total cost of transportation by lorry from Kathmandu to Pokhara, assuming a
load of five solar water reaters.
2/ Total cost of porterage, Pokhara to Tatopani.

-
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may be, as with drinking water projects, that the full benefits of the
technology cannot be realfzed without simultaneously teaching basic
health and sanitation to the community.

The direct benefits of solar heated water with respect to health or
fuelwood conservation are not clear and do not appear to be as signifi-
cant as benefits from other parts of the enerqy project, such as im-
proved stoves. While hot showers can easily be sold to trekkers for a |
profit, that market for solar water heating is not a priority in the
context of RCUP's objectives.

One way to measure the effects of the avafilability of solar water
could he to measure its impact on health, and therefore on working days
lost to 1liness. Assuming the solar water heater life to be ten
yearsl/ and the initial costs to be Rs. 9,010,2/ the solar
water heater would have to contribute 83 percon/days annually, due to
better health, to pay for itself.3/

3. Implications for Adjusting Targets in RCUP

Having already completed installing solar water heaters at several
heaith facilicies for demonstration effects, continuation of this part of
the RCUP eneray proaram would not seem to merit a high priority. This con-
clusion 1s particularly true with respect to using solar heated water for
showers in hotels and other private establishments. [f those private in-
stallations are profitable (and they appear to be, based on the fact that
many are beina purchased throuch private means), this aspect of the market
can be left to privatez enterprise. In sum, after the completion of FY 84/85
targets, the solar water heater program should probably be discontinued.

Solar Dryers

1. Descriptions of Installations in Each District

Since FY 1981-82, RCUP has installed 21 solar dryers in the three dis-
tricts: 2 in Gorkha, 3 in Myagdi and 16 in Mustang. A list of the specific
sites is presented in Table III-6. Myaadi's three dryers are ail located in
District Offices. One dryer is in the Catchment Conservation Office (CCO)
in Beni, the second is in Beni's Department of Aariculture Office and the

1/
2/

3/

RCUP Enercy Specialist.

See 0.2.b), Costs, for more details with respect to the RCUP inputs which
cost RS. 8,980, 1In addition, local inpute valued at Re. 60 must he included

to obtain the total installed cost of Rs. 9,010.
This calculation is based on eaual annual returns of Rs. 1,334 over a ten-

year period (Years @ throuah 9) usina a discount rate of 10%/year. At,

Rs. 16/day, which is the averace payment for unskilled labor in the Tatopani
area, this required annual return is equivalent to approximately 83 workdays

saved.




LI W

>

[~-]

(]

Gorkha

Myaqdi

Mustang

«35-

TABLE IIi-6

DISTRIBUTION OF SOLAR DRYERS BY DISTRICT

Fy 81/82
FY 82/83

FY 81/82

FY 82/83

FY 81/82
FY 82/83

FY 83/84

s ————

e ————————

Current locations are not known

Aariculture District Office
Beni

Catchment Conservation Office, Beni

District Forest Office, Dana

Marpha Farm, Marpha

Lete

Tukche

Kobang

Pradan Panch and Private, Taglung

(2) Om's Home; (1) Pradan Panch, Marpha

Former Pradan Pauch (600-tree apple orchard),
Tukche

Pradan Pauch, Lete
Private, Kobang

Kalopanf Guest House, Kalopani

n
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third is in the Dana Forest Office. Demonstration 1s their most important
function, but Mustang is the only district where the introduction of solar
dryers has truly been successful. We will use the solar dryer installed at
Marpha Farm in Mustang, to il1lustrate the potential for the process.

2. A Case Study: Marpha Farm

Selar drying is not a new idea in Nepal. People have dried their arains
and peppers on grass mats spread out in the suisn for centuries. This tech-
nique, judging from the lack of interest in solar dryers in Gorkha and
Myagdi, continues to meet peoples' needs in those districts. Mustang, how-
ever, has different needs.

Over the last 15 years horticulture has increased significantly in the
Mustang District. The aresa's limited water supply is being used to surport
orchards in what is otherwise a desert. The valley 1s widely known for its
red and qolden delicious apples and apricots. The harvest season runs
approximatrly from June through November, as 11lustrated in Figure III-3.

0f all the products, only apples can be stored over a long period of
time (until the followina May). Also, acples can survive being transported
hetter than apricots, peaches or garapes. Even they, however, are fairly
bruised after seven days of bumping around in a porter's Dhoka basket to
reach the Pokhara Market. One method used to overcome this problem of tran-
sportation is to bottle the produce either as jam or as brandy for sale on
the local market as well as in Pokhara. Still, much produce goes to waste.

Solar dryers are built in Jomson and transported to thefr desianated in-
stallacion for Rs. 1,000. This cost covers the price of materfals, iabor
and transportation. In July, 1982 the first solar dryer was installed at
Marpha Farm. They have since ccpied the desian and built three more, an in-
dication of the dryers desireability. This year, using four solar dryers,
they have dried 100 kg of "resh produce. Most of the other solar dryers in
the north of Mustang dry ":matoes and peppers for housenold use in addition
to the fruits mentioned above. In the southern part of the district, mush-
rocms are being dried for selling. The profitability of solar dryers in
Jomson is evident by the surge of demand that has appeared after the instal-
}at:onlf{ ;ust a few dryers. The comparative selling prices are -shown in

able -7.

In the initial season of use, Marpha Farm was able to produce 100 kg of
dried fruit (from approximately 500 kg of fresh fruit). The fruit was worth
Rs. 2,000 fresh and is now worth Rs. 3,500 dried. Marpha Farm has requested
an additional S0 dryers from RCUP, and there have been many other requests
from people impressed with the potential of solar dryers.

3. Implication for Adiusting Targets in RCUP

This level of demand seems to indicate that solar dryers are profitable
enough to do extremely well on the open marknt in Mustanag. Over 100 solar
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FIGURE III-3

MARPHA FARM
Calendar of Harvest

June July Auaust September October November
Aincots . ’
Peaches < >
- Apples < :
Grﬁpes < S
TABLE II1-7
MUSTANG PRODUCE
'FARM-GATE* PRICESL/
FARMGATE PRICES, | MARKET PRICES RETURNS TO
Rs./Kg TO FARMERS DRYING ACTIVITY
FRESH DRIED Rs./Kg Rs./Ka
Apples 4.0 6.42/ 35.0 28.6
Apricots 4.0 8.03/ 35.0 27.04/
Mushrooms 5.0 -4/ 45.0 -

1/ Information collected from the managers of tlarpha Farm, October 1984.
2/ 2 kg. of fresh apples becomes 400 grams of dried apples.

3/ 2 ka. of fresh apricots becomes 500 arams of dried apricots.

4/ Informatfon not availahle at the time of this study.
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dryers have been requested in the last year in Mustana.l/ It seems to
be appropriate, therefore, for RCUP to withdraw and leave the proliferation
of solar dryers to the open market. RCUP perhaps should remain involved by
assisting with materials and technical advice on construction and throuagh
extension work includina adult education. Byt there appears to be nc fur-
ther need for distributing solar dryers through RCUP.

F. Water Mills
1. Description of Installation in Each District

Only two improved water mills have actually been completed by RCUP, one
in Gorkha and the other in Mustang. A summary of their locations, capacity,
and type of equipment installed s presented below:

Gorkha - Jaubari mill
Installed: May '83
Capacity: 10 HP
Function: hulling (No. &)
grinding (No. 16)
oi1 extractor - new, not installed yet (6 bolt)
churra

Mustang - Kunjo
Installed: July '84
Capacity: 10 HP
Function: arinding (No. 16)
flour separator

When rice is hulled the waste can be used as fodder, whereas the waste
after husking does not have much nutritional value. A churra {is a rice
beater or flattener. People brinag enouah wood to cook their rice sliahtly.
Then it is put into a centrifuge attached to the mill, and this process
flattens the rice so it can be stored and eaten anytime.

2. A Case Study: Jaubari Water Mi11, Gorkha District

The Water Mi11 at Jaubari has been operating since its finstallation in
May 1983. By December, the income from the mill covered the operating
expenditures (See Table III1-8). Jaubari's Mi1l 1s a particularly good
exampie for this study because of the quality of the data. Most mill
studies have been conducted using recall on the part of both users and mill
owners. Or elsa the mi1l owners were reluctant to divulge any records they
may have had.2/

The accounts at Jaubari have been handled by the local school. The
profits, as well, qo to the school. For these reasons the records are more
accurate than those available for most private mills.

1/ Personal conversation with Enerqy Specialist and Enefqy Technician/Mustang.
2/ This is an indirect indication of how profitable they might be.
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Da Ll
INCDE STATEMDNT FOR JAUBART WATEX MILL (QOMGHA)

FYR/R3 FYE3/8% FYSV/3S FYRS/B5 FYPE/37 FYE1/8B FYPO/89 FYSO/S0 FYS/L FYO1/%2 M.

Costs

A Prystcal Factlitiesl/
1. Easiprent and Matartals;

a. MIIti-Purpoes Poer Unit Systam 22,756
b. Applisrces: Grinder, Rice Huller,
0f1 Bgeller, Rice Flatteer 28,144

¢. Cavent 2,000
d Gl Swet 4,00
e. Contingency ® IR 6,690
2. Suvey, Imtallation and Training 10,000
Jn m‘. "c‘m'mm"m m'sm - - - - - - - - - -
8. Operetina Costs
1. Salartes?/ 2,10 8,60 7,1M 570
2. Repeir and Maintenance’/ 79 &9 1,000 1,40
3. Subtotal 2239 950 81 7100 710 7100 7,100 7,100 7,100 7,10
C. Total Costs .29 9,59 A1 700 7,100 7,00 7,100 7,100 7100 7,100
A. Grinding 05 .20 4,33 3,00
B. Hulling M3 515 2,4 4,00
C. Flattening B4 412 7,8 5,60
N, Of1 Expellim - - - 5,000
€. Total Berefits L.Ae 11,29 14,98 17,60 17,600 17,600 17,600 17,600 17,600 17.600
1. BenefitsCosts (I1.E - [.C) (84,037) 1,700 6,1%R 10,50 10,50 10,500 10,500 10,500 10,500 10,500
. Presant Value @ 10% Discount Factor
A. Benefits 1,2 10,23 11,883 13,218 12,021 10,%9 9,96 9,09 B8AR 7482 N¢,75
C. Costs 5,009 A6 678 53R 440 4,004 4,004 362 39 3,010 129,90
C. Berefits - Costs (.07 1,88 5115 7,086 7,112 6,50 52 5387 4,808 4482 (35,108
0. Ratfo, 8L on

Based on estimgtes provided by G. Shakya and G. Richard,

Rs. 720 covers the monthly salary of 5o mil) coerntors and one accountant «ho 18 alwo 2 teecher at the

schodl.
oparators after Decwrber 19684, tn cut back on costs.

The cperators prepere the acounts for the teacher anyway, 0 RCLP plans  anly hire the o

Derfved fram "Income and Expenditure Statarent of the Poropkar Bahuudyesha MiTY, Jautart, Aoril My 190 -

Sept. /ct., 1904.

Same source as 3/, Estimetes for FY 84/85 are hased on ratios of July-Sept. 1984 to July-Sept. 1983.
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Three attachments were installed with the mill: a huller, arinder and ric.
flattener. An o011 expeller will be added in FY 84/85. Approximately 70% of
mill’'s income comes from the rice flattener, or chyura maker. It 1s interest
that even with the apparent popularity of this attachment, it is rarely found-
Nepal. Approximately 10% of total income ccmes from the grinder and 15% from -
huller. After installation the of1 expeller will brina in a large part of the &
come. Farmers will come from twice the distance (7-10 km) to have ofl made =
their seeds. One reason is that to soueeze o0il in the home involves a multi_
of 4-5 of the time it would take to grind or hull a similar amount of corn, whf
or rice.l/ Yet another reason 1s that a mechanical oil eﬁpe11er is m
efficient, and can produce 25% more oil than when it 1s done by hand -

TABLE III-9
Comparison of Mi11ing Fees

JAUBAR! BENI CHOR-KATEE TA g
WATER MILL3/ | DIESEL MILLY/ B.OGAS MILLS/

Grinding Rs. 1N Rs. 20-25 Rs. 30
Hulling Rs. & Rs. 13 Rs. 7 -
011 Extraction Rs. 50 - - Rs. 70 .
Ctyura Rs. 30 - - - - ,

(Mi11ina Fees for 1984 shown in Rs/Muri)s/

Comparing in Table III-9 the curront milling fees at the Jaubari water m
with the diesel mill 1in Beni (Myagdi) and the biogas mill at Chor-katee -
(Choprak Panchayat, Gorkra) helps to illustrate the relative cheapness of wa_
power, The fees quoted for Jaubari are the average milling rates in Gor
District (water power). -

The implied profitability of water mills, however, is not borne
based on the data which are available for Jaubari. As can be observed from Ta
[I1-8, the net present value of benefits - costs is estimated to be neagative, -
our assumptions of a ten-year economic life and a 10%/year opportunity cost
capital are correct. O0f course the mill just began operatina in May 1983 so
actual net income for FY 84/R5 and beyond may be higher than our estiamtes. -

One potentially important source of social benefits, which could not be
flected in the mill's income statement, is lahor savinas and travel time savi.
for customers. Data required to estimate such benefits were not available.
final version of this study will attempt to include estimates of these elements

consumer savings.

United Mission to Nepal, “-~cig-Economic Evaluation Study of Small Turbines
Mi11 Installations". Vol. I. “Tinal report. Way 1982, p. 19.

[bid.

[T¥an Shresta - RCUP expediter. )
RCUI' enerqy specialist. s
RCUP enerqy technician, Gorkha district.
1 Muri = 24 U.S. gallons, volume.
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3. Implications for Adjustina Targets in RCUP

Despite the preliminary resulf; reported in Table III-8, it is evident
from the demsnd 1in RCUP's areas as well as the general popularity of
improved water mills in Nepal that some water mills are probably profitabie.
Given the demand, it is time to let the distribution of water mills he taken
over the market. Loans are readily available from the ADB. It has even
been shogy that mills that beaan with larger loans from the ADB, show larger
profits.

Using water power to process grains and seeds in an efficient use of
Nepal's resources as well as income generating. If the Appropriate Techno-
loqy Unit (ATU) is instituted in the RCUP districts, it will facilitate the
private sector's installation of improved mills.

It was noted in the United Mission to Nepal Socio-Economic Study3/
that whether you have a community or school operated milling system or a
privately operated system, there is a certain re-distribution of income of
similar proportions in each case. It is therefore preferable in terms of
both efficiency and distribution to turn water mills in Gorkha, Myagdi and
Mustang in the private sector.

Biogas Plant

1. Description of Installation

Only one biogas plant has been installed by RCUP. For five months RCUP
consultants worked with the Khumal! viliages in Chor-katee Tar, Gorkha
District to plan an enerqy prciect for the area. Using technical advice
from RCUP and guidance in business from the Agricultural Development Bank
(ADB) the people chose to construct a community operated bioaas mill. RCUP
would fund the machinery4/ (Rs. 55,000) and the people of Chor-katee Tar
would pay for the Bioaas Diaester (Rs. 45,084) with a loan from the ADB.
This loan was to be paid off 1in instaliments of Rs. 500/month.5/  After
further consultation, it was aareed that two wealthier people of the
community would put their land up as collateral on the bank loan, because
they should better afford to do so than anyone else.

A supply of gobar, or manure, was arranged with the two largest live-
stock owners in the area. This method was simpler, and therefore more
effective, than rotatina the responsibility of providina the necessary
manure throughout the community. The mill was to be powered on 20% diesel
and 80% gobar gas. The two biooas diggiters orovide enough gas to run the
mi11  for approximately four hours. Construction of the mill and
biogas plant was completed and the mill operation beoan in June 1982.

Requests for mills were received in Gorkha District (by the CCO) this year.
Socio-Economic Evaluation, p. 28.

Ibid. .

Machinery includes a huller, arinder, and oil expeller.

Hira Man Shresta's report (Gorkha Eneray Technician)

RCUP Energqy Specfalist and USAID Consultant, Dan Jantzen

i |
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2. Operating Experfence

The bfogas mi11 at Chor-katee Tar has fallen short of its aoals for
several reasons. The mill, as a community operated project, has been
managed poorly. Thus, the efficiency of the mill is less than 1t could be
-- consuming more fuel and reqguirina large repair bills. Instead of
operatina on 80% Gobar Gas and 20% diesel, the mill operates, on the
average, on 80% diesel and 20% Gobar Gas.l/ Operatina using a higher
percentage of diesel is preferable to the community for several reasons.
Since the aareements that secured a future supply of gobar for the plant,
the two livestock owners have done some reconsidering and more recently have
been grudgingly supplyina a percentzge of the needed gobar. Also, if the
mi1l is run on the planned 80% gobar/20% diesel it can only be in operation
for 4 hours a day (2 hours for each bisgas digester). The short operation
schedule makes tfnefficient use of the mi1l machinery. For these reasons the
commug}ty has been unable to reqularly meet the payments on the ADB
loan.

It 1s possible for ‘'appropriate technoloay' to be rendered
inappropriate, and that maybe the case with the community biogas mill at
Chor-katee Tar. Bioaas plants reauire a level of close manacement that can
rarely be attained on a community basis. The community's general district
of banks and loans are beina re-affirmed as a result of mis-management of
the mi11, itself. Out of the 27 months since the mil1's completion it has
been in operation for 16 months.

Technical difficulties with Biogas plants are not limited to Char-katee
Tar or to community management projects. The Gobar Gas Company, itself, has
been operating in the red for approximately .the last five years.3/ They
have been selling many biogas systems. Each is sold with a seven year
warranty. This is the problem for the company. This type of guarantee
could work in an area where the problems with transportation and communica-
tion were not so formidable, but in Nepal, it poses an immense problem.
Maintaining the warranty required many field visits, for big and small pro-
blems alike, and this is where the Gobar Gas Company is losing.

For these reasons tight manaaement at the village level is crucial for
mafntaining operation of a Biogas plant. John Ashworth, an eneray
consultant with UASID/Nepal, was pursuing this idea on his recent visit in
November, 1984. He looked at over a dozen plants, both privately owned and
community operated to try to support his hypothesis that Bfogzs plants
require closer management than can be provided by a community workina in
conjunction with a doner agency. The experienceswith biogas in Kepal to
date support the idea that bioaas can be significantly more cost-effective
when privately managed.

In the case of Chor-katee Tar, the costs already total more than Rs.
140,000 (approximately U.S. $8,000). The whole system was overhauled
between September 1983 and June 1984, The most important thina now is to
tiahten manacement with the goal of payina off the bank loan.

1/
2/
3/

RCUP Energy Specialist.

As of October, 1984 only Rs. 3,607 has been paid towards the ADB loan.

Dan Jantzen, Private Energy Consultant.
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3. Implications for Adusting Targets in RCUP

Clearly RCUP's experience with bioagas does not Jjustify additional
installations. The only effort which should be expended at this time would
be an analysis of how practices at the existing plant might be modified so
that enouah operating surpluses might be generated to repay the ADB loan.
Thi;]effort ought to be made to protect the villagers from major financial
problems.

January 25, 1985 _
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APPENDIX 3 - SIRMARY OF BENEFITS AND COSTS: IMPROVED STOVES

Categories of

Costs or Benefita rYso/al ryesl1/82 rY82/8) rysl/ss rY84/85 FY85/86 rss/e? FYB7/88 FYB88/39 Y 89/% Y90/91 to FYS/
I. Costs (all Pigures are in Rupees)
A. Gorkha: 3/
1. Stove Uanit / - 11,200 5,920 10,400 24,000
2. TYrsasportstion Y] -
a8. To District Ceater - 4,060 2,146 3,770 8,700
b. To Household 3/ 2,100 1,110 1,950 4,500
3. lastellastton o/
a. RCUP fnputs s/ - 23,774 12,566 23,925 25,397
b. Household fnputs 6/ - 840 444 180 1,800
&. Adatniatratfon/Extension 2,967 20,339 15,134 38,146 33,417
5. Subtotal ’-“, z!l,ls S’AI!E 5T 97.81¢ - - - - - -
8. Myagdi:
1. Seove Unie V/ - 700 2,000 6,800 7,400
2. Transportation
a. To Districe Ceater 7/ - 350 1,000 3,400 3,700
b. To Household 3/ - 105 300 1,020 1,110
3. Installstion
s. 8CUP fopute ¢/ s/ - 5,348 15,281 22,736 28,080
b. lousehold inputs - 56 160 564 592
4. Adainistratioa/Extension 5,317 6,798 14,413 16,954 25,992
S. Subtotal S,317 13,357 33,154 51,454 $6. 871 - - - - - =
C. Nustang: 1/
1. Stove Uait - 560 240 3,240 9,360
2. Transportation af
8. To District Cester - 1,708 132 1,459 4,212
b. To Household 3/ - 119 51 153 442
3. Instsllstion o/
8. RCUP tnputs = - 14,191 ° 6,082 7,136 10,092
b. Mousehold tnputs - 17 33 99 286
4. Adminletration/Extension 4,431 8,070 9,608 14,128 15,471 -
5. Subtotal 4,431 24,225 16,246 26,415 39,863 - - - - - -
D. Total RCUP 17,724 100,395 87,220 156,840 204,551 - - - - - -
1
et
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- .o

T

Page A 32
FY80/8l FY 81/82 FY 8/8) FY &/84 FY 84/85 FY 85/86  FY 86/87 /68 W&/ F8/S F %9/91 to9%/9 A 9/0 TOmL
IL Becefits
_— (all Figures are in Rupees)
A Guekha:
1. a/8R - 11,319 45,276 40,748 36,673 33,006 22,219 - - -
2. A a/D - - 5,983 23,9 21,59 19,365 17,46 11,776 - -
3. Y8/ - - - 10,510 42,042 37,838 34,05 30,648 20,688 -
4. FY /85 - - - - 24,255 97,020 87,318 78,586 70,727 47,741
5. Subtotal - 11,319 51,259 75,190 124,509 187,28 161,097 121,000 M. s
B. Mysdi:
1. YA/ - 26 3,704 3,334 3,000 2,700 1,82 - - -
2. /M - - 2,646 10,584 9,525 8,51 7,16 5,08 - -
3. A B/ - - - 8,99% 35,987 32,8 29,149 26,2% 17,708 -
4. FY Bi/8 - - - - 9,790 3,161 35,245 31,720 28,548 19,270
5. Subtotal = 926 6,30 2,94 ?:ﬁ 2,82 ﬁ,'m" 63,12 46,256 19.20
C. Mmtayg: -
1. FYa/m - 1,692 5,968 5,31 4,834 4,351 2,937 - -
2. WY ®/8 - - 639 2,558 2, 2,012 1,865 1,29 - -
3. P 8/84 - - - 1,98 7.61 7,673 7,673 1,673 7,673 7,673 7,673
& FY %/85 - - - - 5,542 22,168 2,168 22,168 22,168 22,168 22,168 22,168
5. Ssitotal = 1,iAa2 6,07  9.mI . zo"J LT— 7 R,683 31,100 29,81 P TR X ) e i T S — X
D. Theal BOW - 13,737 64,216 107,951 20,12 06,335 269,672 as.2m 167,512 96,852 29,84} 22,168
111, Samey (1K Discomt Factors)
A Gockha:
1. PFresent Valwe
a. Beoefits - 10,288 42,%0 56,467 85,000 116,22 9,859 62,078 42,599 20,242 - - 526,195
b. Costs 7,976 56,643 30,826 59,307 6,807 - - - - - - - m
c. BC (7,976)  (46,355) 11,514 2,850) 18,23 116,20 90,859 Q2,08 42,99 20,22 = = ™,
2. BC Ratio 2.37
B. MNymydi:
1. Fresent Value
. e Benefits - vs2 5,245 17,208 3,80 51,432 41,698 2,42 21,555 8,10 - - 218,372
b. Costs 5,317 12,142 27,85 38,642 45,675 - - - - - - - 129 161
c. B¢ GID (L) (@) @LO0 G695 SR e R4 2,55 8,170 = CX T
2. BC Ratio 1.69
C. “.(.‘:
1. Fresent Value
~ a. Berefits - 1,356 5,457 7,95 13,900 22,520 19,59 15,95 13,906 12,653 72,18 3,613 189,075
b. Costs 4,431 22,475 13,822 19,838 21,26 - - - - - — e



APPENDIX 3 - SIMARY (F BENEFITS AD (DSTS:  IMPROVED STOMVES Pace A.3-3

IV. Incremental Benefits and Costs if a Stove
T —30 (all Figwes are in Rupees)

A. Gorkha:

1. Undiscounted Changes In:
a. Benefits - Increased Fuel Savings for Stoves in Use 3,2%4 8,246 16,229 588,728  £3,248 18,486 138,062 97,020

- Rehabilitation of Inoperative Stoves 13,39 6,767 10,253 10,253 10,253 10,253 10,253 10,53
- Total Benefits 6,618 15,013 2,482 69,001 Q,501 8,79 18,315 107,23
b. Costs 12,29 55,531 55,531 55,531 55,531 55,531 56,531 55,531
c. Benefits Minus Costs (5,631) (40,518) (29,049) 13,470 37,970 33,28 93,784 51,742
2. Present Values of Changes In:
a. Penefits 4,513 9,33 14,935 *,397 45,571 37,625 57,486 37,546 240,386
b. Costs 8,353 34,465 31,319 28,487 25877 23,545 21,39 19,43% 19,881
¢. Benefits Minus Costs (3,600) (25,162) (16,384) 6,910 17,604 14,080 3,107 18,110 41,515
d. Ratio, BA 1.25
B. Myadai:
1. Undiscounted Changes In:
a. Benefits - Increased Fuel Savings for Stoves in Use 636 3,122 7,150 13,29 23,865 51,622 75,1604 »,161
- Relabilitation of Inoperative Stoves e 1,95 2,977 2977 2,977 2,917 2,977 2,977
- Total Benefits 1,678 5,087 10,127 16,273 6,043 54,599 78,161 2,138
b. Costs 6,14 20,000 20,000 20,000 20,000 20,000 20,000 20,000
C. Berefits Minus Costs (4.446) (14,913) (9.,873) (3,727) 6,643 N,59 58,161 2,18
2. Present Values of Chemges In:
a. Berefits 1,144 3,159 5,712 8,38 12,509 23,150 20,02 14,748 98,862
b. Costs 4,176 12,420 11,280 10,250 9,320 8,40 7,700 7,000 70,636
c. Benefits Minus Costs (3,032) (9,2681) (5,58) (1,912) 3,189 14,670 2,3% 1,788 28,22
u. matlo, B 1.8

Motes: 1/ Assumes reprir progran reduces to 53/year the anual depreciation in firlwood savings and extends average Stove life by 3 years.
© 2/ Assumes %% of total foproved stoves installed by FY 83/84 uere not beimn used de 0 damage (See Footnote 9, Appendix 3, for basis
of thic estimste). Re stove mintenance and repair omaram ic aca=e4 to place all of these asvently inmperative units back into
sorvice owe » Lwar periof.
3/ Assumes 3 stowe technicians and 1.0 energy technician are required from FY 85/P6 onerd. Costs are hased on Attacheent 1.
- 4/ Assumes a 103 fyear discount rate, with FY AD/81 as year 2evo.
5/ Assumes | stove technician and 0.5 energy technician are reauired from FY 85/85 onard. Costs are hased on Attacheent 1.

S
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APPENDIX 3 - FOOTNOTES

[. Costs

Y,

The stoves installed in Gorkha District are made :n Kathmandu (Rs. 80/
stove). Myaadi's stoves are made in Phanga Panchayat, Parba District,
southeast of Beni (Rs. 100/stove). The iron ring stoves installed in
Mustana in FY 83/84 and FY 84/85 are cast at Cast Iron Stove Parts,
Nagal, Kathmandu. A set of six rinas cost Rs. 360, one thirdi of which
is forefgn exchange.

The transportation cost to Gorkha includes operating costs and the
driver's wage, since the stoves are brought to Gorkha Bazaar in a lorry.
The costs of deliverinag 30 stoves (one truckload) to the district center
are as follows:

Rs. 540 Operating Costs

Rs. 316 Driver's Wage
Rs. 856 Total/30 Stoves and Chimmeys

Approximately Rs. 29/stove assembly, therefore, is the average cost of
transportation from the manufacturing site in Kathmandu to the Gorkha
District Center.

The distance from the distrirt centers out to the surrounding areas that
either have RCUP stoves or are targeted for the near future, averaces a
one-day trek, both coming and coing. This will be included as a cost at
one half the local porter wage rates (because one stove is approximately
half a load) which are estimated as follows:

Gorkha 1/2 (Rs. 30) = Rs. 15
Myagdi 1/2 (Rs. 30) = Rs. 15
Mustang 1/2 (Rs. 35) = Rs. 17

RCUP's inputs include the stove technician's salary for each district
and his travel costs. See Attachment 1 for estimates of these costs.

Household inputs involve the time it takes the householder to procure
the necessary water, clay, and bricks or stones and to assist and super-
vise the stove placement and installation. The actual installation
takes two to three hours. We equate this cost with one half the local
daily wage for an unskilled laborer, as follows:

Gorkha 1/2 (Rs. 12) =2 Rs, 6
Myagdi 1/2 (Rs. 16) = Rs. 8
Mustang 1/2 (Rs. 22) = Rs. 11

These wages are weighted averages from the followng sources;
National Farm Manaaement Study, HMG reports 1083, R. Sharma (RCUP), G.
Shirakoti (Triburan University, Rampur). The "on season" rate is used
(monsoon rice cror season) since that is when most stoves are installed
due to the HMG budaet procedures.
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APPENDIX 3 - FOOTNOTES (cont'd)

Administration and extension costs cover the Eneray Consultant's salary
and travel (FY 80/81 and FY 81/82), the Energqy Specialist's salary and
travel (FY 82/83 - FY 84/85), and the Energy Technician's salary and
travel for each district. (See Attachment 1 of Appendir 3 for the
breakdown of costs by district and by component.)

Transportation for Myaadi is included in the initial Rs. 150 price of
the stove. The potter from Parba District is responsible for bringing
them to Beni, the district center, and the estimated porterage cost is
Rs. 50/stove assembly.

Transportation to Mustang covers the vehicle transport to Pokhara.
Approximately 660 sets of iron ring stoves can be carried in one truck-
load. The current numbers of ring sets are well under that maximum.
The costs to Pokhara are as follows:

Rs. R10 Operating Costs
Rs. 519 Oriver's Wage
RNs. 1329 Yotal1/660 Iron-Ring Sets or

J0 Stove Assemblies

Thus, averace cost from Kathmandu to Pokhara is approximately Rs. 2/
set. Each set weighs 11 kg., and a porter usually carries three sets to
Jomsom for Rs. 480, or Rs. 160/set. Total cost, Kathmandu to Jomsom,
averages Rs. 162/set.

During FY 81/R2 and FY 82/83, Macan stoves were transported via
lorry from Kathmandu at an averaae cost of Rs. 44/stove assembly, based
on the lorry cost estimates ahove. Porterage from Pokhara to Jomsom
costs an average of Rs. 200/stove assembly. Total cost, Kathmandu to
Jomson, averaged Rs. 244/stove assembly.

I1. Benefits

9/ 1In Gorkha, 140 improved chulos were installed in FY 81/82, 74 in FY 82/

83, 130 in FY 83/84, and 300 are planned for FY 84/85. Based on the
August 1983 CFDP Report (Campbell and Bhattarai, 1983) 79% of installed
stoves are used to some extent (p. V-5, Tahle 2). The 1984 edition of
that study (p. 65, Figure 13) estimates average savings per household of
735 ka. of fuelwood per distributed stove ("not used" stoves beino
included in the average). This rate of savings is based on households
in the Kathmandu Valley where the traditional mud stoves were compared
to the improved insert stove, which is very similar to RCUP's improved
Magan stove (see illustrations, Appendix 2). The annual estimates of
fuelwood savinas after the first full year of operatfion have been depre-
ciated at the ra*te of 10% per year to represent the effects of breakage
or cracks on burnina efficiency. The basis for the 10% estimate is the
July 1984 CFDP study, in which Table R, p. §7, reports 29% of installed
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APPENDIX 3 - FOOTNOTES (cont'd)

10/

stoves as broken or cracked and Table 7, p. 55, which reports 31% of
damaged stoves not being used.

An average price of Rs. 11.25/Bhari (25 kg.) is used to calculate
the value of fuelwood savings (Camphell and Bhattarai, 1983, p. V-17,
Central Hills mean market value). Since installation typically occurs
during April-dune, it 1s assumed that the inftial year of operating
achieves only 25% of potential savinas. The last year's calculation,
therefore, only spans 75% of the year. The 1ifetime of the improved
stove is estimated at five years for Gorkha's 1improved Magan stoves
(Campbell and Bhattarai, 1983, p. V.17).

In Myaadi, 7 improved chulo's were installed in FY 81/82, 20 in FY 82/
83, 68 in FY 83/84, and 74 are planned for FY 84/85. The assumed rate
of fuelwood savinas s, again, 735 kg./new stove/year. The price of

fuelwood in Myagdi is assumed to be Rs. 180/Bhari (field checks, 1984

and RCUP field repoorts, 1983). The prices range from Rs. 40-45 during
the monsoon in Beni to the mere five minutes it may take to collect it
up in Kuinmungle far from the main trail. One reason that not many
stoves have been dfstributed in this district is because many of
heaviest fuelwood users are the hotel owners, and the RCUP stove is too
small for their needs. As in the case of Gorkha, estimates of annual
savings of fuelwood are depreciated at 10% per year, to take account of
stove damage, and stove life {is estimated to he five years.

In Mustang, 7 imroved chulos were installed in FY R1/82, 3 in FY 82/83,
and 9 sets of iron rings in FY 83/84. For FY 84/85, 26 sets of iron
rinas are targeted for installation. The iron rings are cast in
Kathmandu and come in a set of six, weighina 11 kg. per set (see illus-
tration, Appendix 2.) They have been aiven priority in Mustana for
several reasons. They are much easier to transport than a ceramic stove
because of compactness and no breakage. Unlike the improved Maaan
stoves, the iron rings radiate heat, which is extremely beneficial in
Mustang. Although no efficiency studies have been conducted with the
iron rinas, they have been reported to have a similar rate of savings.to
the CFAD insert stoves and the RCUP improved Magan stoves. Taking into
consideration the additional benefits of space heating, it is assumed

that the benefits derived from fuel savings are 735 kg. per stove annu- -

ally, as in Myagqdi and Gorkha. The price for fuelwood is assumed to be

Rs. 29/ Bhari (RCUP field check, September 1984). This {is an average -

from places such as Lete in the south, where pine is abundant, to areas
in the north where a four day trip may be rquired to collect a Bhari of

fuelwood.

Benefits from the iron rings are assumed to extend for 15 years
from the time of installation. Nn depreciation of initfal savings

levels is assumed. since the iron rinas are very durable.



ENERGY COMPONENT:

APPENDIX 3 - ATTACHMENT 1

ALLOCATION OF RCUP STAFF SALARIES AND TRAVEL

Page A.3.7

BY DISTRICTS AND TECHNOLOGY, FY 80/81 - FY 84/85

Cost Components

A11 Figures in Nepalese Rs.

by HMG Fiscal Years

FY 80/81 FY 81/82 Fy 82/83 FY 83/84 FY 84/85
I. Total RCUP Budget for Energy
Staff Salaries and Travell/
A. Enerqy Specialist:
1. Salary 163,625 174,026 52,600 59,850 65,835
2. Travel 13,617 51,967 43,488 53,175 57,934
3. Total 177,242 225,993 96,088 113,025 123,769
B. Gorkha District:
1. Energy Tech.
a. Salary - .- 10,031 12,840 14,124
b. Travel m—— ——— 1,255 4,244 4,660
Cc. Subtotal --- - 11,286 17,084 18,784
2. Stove Tech.
a. Salary - .-- 6,558 9,600 10, 560
b. Travel -—- -e- 365 1,512 1,689
c. Subtotal - -—- 6,923 11,112 12,249
3. Total, Gorkha ——— -—- 18,209 28,196 31,033
C. Myagd{ District:
1. Energy Tech.
a. Salary - .- 8,084 13,476 14,824
b. Travel - -——- 540 720 740
¢. Subtotal - -——- 9,524 14,196 15,564
2. Stove Tech.
a. Salary ——- --- 8,640 10,080 11,170
b. Travel - ——- 927 5,558 6,015
c. Subtotal --- -——- 9,567 15,638 17,186
3. Total, Myaadi - -——- 19,091 29,834 32,750
D. Mustang District:
1. Energy Tech.
a. Salary -—- - 13,998 17,640 19,404
b. Travel ——- - 1,207 700 780
¢c. Subtotal --- .- 15,205 18,340 20,184
2. Stove Tech. --- -—- --- --- ===
3. Total, Mustana --- - 15,205 18,340 20,184
E. Grand Total 177,242 225,993 148,593 189,395 207,737
1/ Source is RCUP actual expenditures from Annual Program and Budget.

Includes A. Byers'
starting late FY 81/82.

salary and travel for FY 80/81 and FY 81/82, and G. Shakya's




APPENDIX 3 - ATTACHMENT 1

ENERGY COMPONENT: ALLOCATION OF RCIP STAF SALARIES AD TRAVEL
BY DISTRICTS AND TECHNOLOGY, FY 80/81 - FY 8%/85

Enerqy Activities FY 80/81 FY a1/82 FY /83 FY 83/84 FY 84/85
by Districts S.T. E.T. E.S.2/ S.T. ET. E.S. S.T. ET. ES. ST, ET. ES.  S.T. ET. ES.
II. Time Distribution of Energy (A1 Fiaures are Percentaces)
Staff Across Enerqy Activitiesl/
A. Cortha
. Tmproved Stoves e - - 22 10 0V H mw 75 B 16 N0 6
2. Solar Water Heaters - - 10 — e = - I 10 - 5 5 - 10 10
3. Solar Dryers - - 10 —_— - = - 10 5 - - - —_ = -
4. Mater Mills -— - - - - - - 10 15 - - - - 2 2
5. Biogas Plant - - 10 - - 2 - 10 2 - 2 2 - - -
6. Other Technologies - - 60 - - 60 - 10 15 - - - - - -
B. Madg’
. Stoves - - 10 — — 1 100 6 5 10 5 S0 0 2 2
2. Solar Water Heaters - - 10 - - 10 - 0 5 - 20 2 - 10 10
3. Solar Dryers - - 10 T | - 10 15 —_ - - -— - -
4. Mater Mills -— - - - - - —_ e - - ¥ 2 - 20
5. Biogas Plant — - - -— - - - - - - - — - -
6. Other Technofogies - - 10 - - 1 - 10 10 - - —_ - --
C. Mistang
1. Isproved Stoves -- - 10 - - 10 - & & - & 9 - &, 5
2. Solar Mater teaters - - 10 - - 10 - 0 2 - 10 5 - 10 10
3. Solar Dryers - - 10 - - 10 - 3 - 0 B -
4. Water Mills — = - T —- = - - » 2 - 20 2
§. Biogas Plant —_ - - —_ - - - = - —_ = - .~ e— e
6. Other Technologies - = 0 - - P - 10 10 - - - - - -

1/ Source is estimates from A. Byers and G. Shakya, Energy Specialists.
2/ E.S. = Enerqy Specialist; ©.T. ='‘nevey @ an; S.T. = Stove Tedwniician.

] LI | ' n 1 | [ | ] I [ | L] 1 L [ | | [l
l g
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APPENDIX 3 - ATTACHMENT 1

ENERGY COMPONENT:

ALLOCATION OF RCUP STAFF SALARIES AND TRAVEL
BY DISTRICTS AND TECHNOLOGY, FY 80/81 - FY 84/85

Page A.3-9

ost Components

]

A1l Figures in Nepalese Rs. by HMG Fiscal Years

FY 80/81 FY 81/82 Fy 82/83 FY 83/84 FY 84/85
II. Allocation by Districts
and Technologyl/
A. Gorkha
. Improved Stoves
a. Installation:
i. E.T. S&T ——- ~—- 5,643 12,813 13,148 -
1. S.T. S&T - -——- 6,923 11,112 12,249
i111. Subtotal .- 23,7782/ 12,566 23,925 25,397
b. Adm. (E.S. S&T) 7,976 20,339 15,134 38,146 33,417
c. Subtotal 7,976 44 113 27,700 62,071 58,814
Solar Water Heaters
a. Install. (E.T. S&T) -——- —-- 1,130 854 1,878
b. Adm. (E.S. S&T) 7,976 ~—- 4,324 2,543 5,569
¢. Subtotal 7,976 ~—- 5,454 3,397 7,447
Solar Dryers
a. Install. (E.T. S&T) - -—- 1,130 -——— .-
b. Adm. (E.S. S&T) 7,976 ——- 2,162 ~—- e
c. Subtotal 7,976 --- 3,292 - -
Water Mills
a. Install. (E.T. S&T) - --- 1,130 ——— 3,759
b. Adm. (E.S. S&T) -——- - 6,486 -—— 16,709
¢. Subtotal -—- - 7,616 -—- 20,46R
Biogas Plant
a. Install. (E.T. S&T) -—- -——- 1,130 3,416 ---
b. Adm. (E.T. S&T) 7,976 20,330 8,648 10,172 ---
¢c. Subtotal 7,976 20,339 9,778 13,508 ---
Other Technologies3/ 47,856 37,243 7,614 --- ---
Grand Total 79,760 101,695 61,454 79,056 86,729
ites:

/' Allocations are based on applyina percentage time distributions in Panel II, Page 2, to

Total RCUP Budget for Enerny Staff Salaries and Travel in in Panel I, page 1.

/ Estimated equal to FY 82/83 costs times 140/74, the ratio of fnstallations, (FY 81/82}
+ (FY R2/83).

!/ Represents the other technologies undertaken by the project such as beehives,

windmills, corn shellers, peddle threshers, and training sessions and exhibitions.
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APPENDIX 3 - ATTACHMENT 1

ENERGY COMPONENT: ALLOCATION OF RCUP STAFF SALARIES AND TRAVEL
BY DISTRICTS AND TECHNOLOGY, FY 80/81 - FY 84/85

A1) Floures in Nepalese Rs. by HMG Fiscal Years
FY 80/81 FY 81/82 FY 82/83 FY A3/88  FY 84

Coét Components

II1. Allocation by Districts
and Techno1oq¥1/’(cont'd)

B. Myaadi
I. Improved Stoves
a. Installation: ' -

if. E.T. SAT - e 5,714 7,098 10,
1. S.T. SatT -—- —m- 9,567 15,638 17,
iif. Subtotal - 5,3481/ 15,281 22,736 28,
b. Adm. (E.S. S&T) 5,317 6,798 14,413 16,954 25,
¢. Subtotal 5,317 12,146 29,694 39,690 54[
2. Solar Water Heaters
a. Install. (E.T. SAT) -—- - 1,904 2,837 1.
b. Adm. (E.S. S&T) 5,317 6,798 7,206 6,782 3,
c. Subtotal 5,317 6,798 9,100 9,619 5,
3. Solar Dryers
a. Install. (E.T. S&T) - -—- 952 o= -
b. Adm. (E.S. S&T) 5,317 6,798 4,324 ——- -
¢. Subtotal 5,317 6,798 5,176 ——-
4. Water Mills
a. Install. (E.T. S&%: -- -—- -e 4,258 3,
b. Adm. (E.S. S&T) - --- - 10,172 7.

c. Subtotal - - 14,830 10,

5. Biogas Plant
a. Install. (E.T. S&T) —~—— -—- - e .
b' Admt (E.T- S&T) - e - e oo - —

c. Subtotal -—- -—- - ---
6. Other Technologies? 37,222 42,238 3,835 ---
7. Grand Totai 53,172 67,980 47,815 63.739 69,

Notes:

1/ Estimated equal to FY 82/83 costs times 7/20, the ratio of installations,

(FY 81/82) + (FY 82/83).
2/ See page 2 for a 1ist of other technologies.



APPENDIX 3 - ATTACHMENT 1

Page A.3-11

ENERGY COMPONENT: ALLOCATION OF RCUP STAFF SALARIES AND TRAVEL

BY DISTRICTS AND TECHNOLOGY, FY 80/81 - FY 84/85

RS T A

st Components

AR

—

A1l Figures in Nepalese Rs. hy HMG Fiscal Years

FY 80/81 FY 81/82 FY 82/83 FY 83/84 FY B4/85
1. Allocation by Districts
and Technalogyl7 [cont'd)
C. Mustang
. 1mproved Stoves
a. Installation:
i. E.T. S&T ——- - 6,082 7,336 10,092
if. S.T. Sa&T - - - . -~
111. Subtotal -—- 14,191/1 6,082 7,336 10,092
b. Adm. (E.S. S&T) 4,431 8,070 9,608 14,128 15,471
c. Subtotal 4,421 22,261 15,690 21,464 25,563
2. Solar Water Heaters
a. Install. (E.T. S&T) —m- -—- 3,041 1,834 2,018
b. Adm. (E.S. S&T) 4,431 8,070 4,804 1,412 3,094
¢. Subtotal 4,431 8,070 7,845 3,246 5,112
3. Solar Dryers
a. Install. (E.T. S&T) - ——— 4,561 3,668 4,037
b. Adm. (E.S. S&T) 4,431 8,070 7,206 7,064 6,188
¢. Subtotal 4,431 8,070 11,767 10,732 10,225
4. Water Mills
a. Install. (E.T. S&T) -—- -—- ——- 5,502 4,037
b. Adm. (E.S. S&T) - I --- 5,651 5,188
¢. Subtotal -~ . - 11,153 10,225
5. Biogas Plant
a. 1nstatyl. (E.T. S&T) - ——— - ——— -
b. Adm. (E.T. S&T) —~—— ae- c—- ——— ———
c. Subtotal - —— --- - ---
6. Other Technologies2/ 31,017 18,092 3,923 .- .-
7. Grand Total 44,310 56,493 39,225 46,595 51,125

:...

stimated equal to FY 82/83 cos:s times 7/3, the ratio of installations,
FY 81/82) + (FY 82/83)

ee page 2 for a list of other technoloaies.
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1V. IRRIGATION!/

A. latroduction

Bighty three percent of the people in Nepal are engaged in agriculture.
This dependence on agriculture for both food and income ties nutritional
levels and incomes to the uncertainties of weather and agricultural markects.
Incomes are low, holdings are small, and most hill farmers do not produce
enough food to provide even minimum nutritional requirements. Irrigation
increases both nutritional levels and incomes of farmers by increasing ara-
ble cropland and allowing more crops to be grown in a givea year. Since
little arable land exists in the hills that is not already being cropped,
this increases the pressure to clear range and forested areas, Nepal's
favorable climate would allow two to three crops to be grown a year in most
areas except for the lack of water during the extended dry season. Water is
the critical factor and provision of irrigation water can add one or two
crops per year. If these crops are profitable farmer's incomes will be
increased and standards of living improved.

Despite abundant water resources, only 20 to 25X of hill area cropland
ig irrigated. Much of this is supplementary, irvigation being prov;dedgby
small streams and springs during the rainy season. After the rainy nea‘un a
most of these sources dry up. Divercion of water from larger streams dpnd-”

rivers is generally beyond the technical and capital resources of the ldca\
people.

B. Physical Activity Targets and Completions

As shown in Table IV-1 the RCUP project has undertaken 20 irrigation
projects with a total cost of $1.7 million., Six projects have been com-

pleted to date while the remaining projects are expected to be completed by
the dates shown in Table IV-1.

C. Theoretical Benefits and Costs of Lrrigation

There are four direct benefits to development of irrigation systems in
Nepal. Firsc, when irrigation water becomes available higher yields can be
achieved since the irregularities in rainfall can be smoothed. Farmers have
direct control over water application and at least the problem of too little
water for crops is solved. Second, more profitable crops that require
1nctcg!ad amounts of water can replace less profitable crops. The last twe
typeg:pf benefits are similar ~- more land can be brought under cultivation

,that was cultivated prior to provision of irrigation water caa be
wore intensively.

1/This Paper represents one component of the Agriculture/Irrigation .
study. It was prepared by Kerry Livengood based on estimates developed by

gcanesh Shirakoti.
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TABLE IV~]

RCUP Irrigation Projects

Architect
Projected Construction and
Completion Cost Engineering
Date (Rupees) Cost (Rupees)

Gorkha'
1. Ampipal 1983 189,312 100, 000
2.  Muchoktar 1985 568,619 34,579
3. Chhoprak 1986 4,048,340 120,000
4, Mallacar 1985 3,440,452 140,000
5. Muchok 1985 809,393 120,000
6. Jaubari 1986 2,560,000 85, 000
7. Simjung 1986 2,000, 000 85,000
8. Dhuwakot 1984 1,811,109 83,856

Myagdi
1.  Begkhola 1984 622,573 115,000
2. Ghatan 1984 852,433 120,000
3. Jheen 1986 1,402,742 37,000

Muscang
L. Lamangthang 1984 629,171 107,777
2. Kagbeni 1985 564,513 26,205
3. Chhonup - 1985 509, 160 87,219
4. Charang 1983 334,101 57,231
5. Ghami (Ward 8-9) 1986 840, 000 34,434
6. Ghami (Ward 1-4) 1986 166,132 6,988
7.  Tukuche 1985 670,483 37,000
8. Marpha 1984 385, 000 17,470
9. Kunjo 1985 670,483 37,000

.’
’,'..‘.“' S
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_ o Thuse, incremental benefits aund costs are due to changes in demands .

N placed:on environmental resources. Availabxlxty of irrigation water usually 3
- ) resulte- in substicution of paddy for maize. This type of substitution

- usually’reduces the requxrements for fertilizer and, indirectly, livestock.

: However, the increased cropping opportunities resulting from availability of
irrigation water may increase the use of farmyard manure. The need for
fodder and browse to feed livestock to produce farmyard manure is one of the
most serious problems facing forest and range managers. Annual burning of
the forest to increase browse greatly increases the time required to
regenerate the forest, Erosion on grazing lande from overgrazing can also
be attributed to the high demand for livestock feed.

Though profits generally increase after irrigation water becomes
available, costs also increase. Higher levels of inputs such as seeds,
fertilizers and labor raise costs, and if these inputs are not available,
profits will be affected. One of the most important inputs is the provision
of increased technical support to farmers. New crops require new techniques
that must be learned. Extension workers must be available to help in the
transition to more profitable crops.

A cage study will be used to illustrate the changes in cropping &~
pacterns, yields and returns resulting from construction of a irrigstio A
system. The case study will also clarify the assumptions made in 4
calculating benefits and costs of other irrigation projects that have o
will be undertaken.

D. Case Study - Dhuwakot Panchayat

1. Setting

The Dhuwakot irrigation system is located in che Gorkha District at the
confluence of the Chukti and Rigdi rivers. The 50 hectare command area is
dry flat benchland (car) and has high »otential productivity with
irrigation. A baseline survey conducted in February/March 1984 (Wood, 1984)
found approxi- mately one hundred families farming the land thac will be
irrigated by the project. Two castes of people dominate in the community,
the Kumal (50X) and higher caste Brahmins (50%). -

2, Design - Iuplementation

The. aysten vag. deatgned by a consulting firm located in Kathmandu. The
"‘i-gtcd that - the project would cost about NRs. 1,831,000 or NRs.
’;'1trxgated hectare. Construction began in 1982 and work was - B
) ‘complete in December 1984 with some floodgates to be installed and

. only minor mainrenance and an;shxﬁg work remaining. 4actual expendicures

4% were NR.. 1,811,109, as reported in Table IV-1. '

o flem

:  ?, Few axgnxfxcant problems were encountered durzng the design or
construction phase. A number of houses were moved during the construction
phase by the owners, and compensation had to be paid to one homeowner for .

r4. . land.used for the offices and main canal. A small mill was also moved due
,_;,n¢1 "co'the.diveraion of water for the canal. T . B



3.@'Croppi934?atterns

As.‘shown in Pigure 1V-l, prior to irrigation 25 hectares of the command -
area was irrigated by individuals able to utilize small springs or streams. -
This allowed 25 hectares of monsoon paddy to be grown under irrigated
conditions. The flow of many of these sources drops off after the monsoon
season 80 that there was considerable risk associated with a post-monsoon -
crop of wheat. Favorable rains were needed on much of the area to assure an
adequte yicld., Small potato patches were sometimes grown but the most
important crop from yeir to year in the irrigated area during the
post-monsoon season was wheat. Wheat area varied from approximately 18 to
25 ha. During the monsoon season a crop of paddy was grown and the arcva wois
mostly faliow during the pre-monsocon season with some maize being srowu -
where irrigation water continued year round. Information on the area in
maize i3 not available but was of relatively minor importance.

FIGURE 1V-l

Cropping Patterns for the Dhuwakot Project

7;‘5% R A
-y

Pre-Monsoon Monasoan Post ~Monsoo

Before Project Cropping Patterns:

Irrigated 25Ha 25 ha .25 ha _
maize/fallow paddy wheat
25 ha 25 ha 25 ha )
Rainfed fallow rainfed paddy fallow

After Project Cropping Patterns

) 50 ha 50 ha 50 ha
Irrigated early paddy paddy wheat

&, Transition to Full Utilization
RIS T l
patterns after the project will require a number of years to

to- the pattern shown in Figure 1, due to the time it takes
IS farmers to build the earthworks necessary contain the water. The

8¢t" ¢change in cropping is the addition of 25 hectares of irrigated land -
and the ability to grow a pre-monsoon crop of paddy. The entire area will
éventually e pilanted to an early rice crop, the monsocon paddy, and a post

monsoon wheat crop with some area devoted to minor crops such as vegetables
and potatoes. -

-



'Thq conversion of land to irrigaced paddy requires labor that is

provided: by the individual farmer.
approximataly three years.

This conversion period will require
On-site discussions with farmers indicate that

approximately 50X of the land will be converted to paddy in time for the

pre-monsoon season of 1985, 75% by 1986 and all 25 hectares by 1987. The
actual area planted to different crops in these years also depends on the
individual farwer's experience with the pre-monsoon paddy and post-monsoon

wheat crop.
adoption rates given in Table IV-2,

Evidence from a gimilar project (Peabody, 1983) supports the

TABLE 1V=-2

AREA CROPPED IN HECTARES BY YEAR

i

Crop 83/84 84/85 85/86 86/87 87/88 88/8Y
Monsoon paddy 39 39 40 b4 49 50
Rainfed paddyl/ 9 3 -- .- - --
Pre-monsoon paddy 0 34 39 | 44 49 50
Wheat 28 34 39 b 49 5

1/ Less laad was planted in rainfed paddy in 83/84 and 84/85 because
many terraces were under construction,

5. Yields and Production

Dhuwakot is expected to reach full capacity by 1988/89.

-

Yields will

increase due to availability of irrigation water and due to use of improved

practices.
IV-3.

6. Economic Analysis

With project and without project yields are givean in Table

Returns to irrigation depead on changes in yields which affect
Revenue changes are summarized in

revenues, and inputs which affect costs,

Table 1V-4,

or sﬂmw
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TABLE IV-3

WITIt AND WITHOUr PROJECT YIELDS

w/e w/o Change in
Yield Yield Yield
Crops by Type of Water Source ki/ha kg/ha kg/ha
é?addz
wtial Lo .. irrigaticn 2600t/ 19951/ 605
nfed Lo & ..uted 26001/ 18502/ 750
Loring paddy 3Loal/ -~ 3100
Wheat
Partial to full irrigation 1800! 13423/ 458
Additional4/ 1800 -- 1800

1/ Yields from Peabody, 1983.

2/ Yield from Agricultural Statistics of Nepal, Summer Crop
Production and Area, Gorkha District, average for district.
35 CEMAT, 1982.

TABLE 1V-4

NET REVENUES FROM IRRIGATION

Change Total Total
in Yield, Yield, Price, Revenue,
Puddy ha __kg/ha '000/kg Rs/kg Rs.
Parcial to full 25 605 15.12  3.66 55,350
irrigation
Rainfed to irrigated 25 750 18,75 3,66 68,625
Spring paddy - 50 3100 155.00 3.66 567,300
Wheat u;l
Rainfed & parcial to 25 458 30.00 2.75 31,475
full irrigation
Additional 25 1800 45.00 2.75 123,750
TOTAL REVENUES 846,500
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Costs of production are based on the deta{led estimates developed in
the agricultural gection. In the Gorkha district these costs include the
addition of chemical fertilizer, manure, less family labor due to less
weeding, less bullock labor and the application of some insecticides.

The cost of converting unirrigated area to irrigated is paid by the
owner of the land either by hiring laborers or by constructing the dikes
with family labor. Some landowners were in a hurry to get the first crop in
and therefore hired labor for much of the conversion. Others not fortunate
enough to have the wealth to pay for the conversion, or due to fields being
on the far end of the command area which received less irrigation water in
the first year, were planning to convert over a period of several years.
Evidence from other such projects indicates that once the water was shown to
be available, conversion often came at a faster rate than expected. The
labor cost of converting the land is small relative to total project cost,
but it is significant from the viewpoint of individual farmers.

TABLE IV-5

COSTS OF PRODUCTION

w/p w/0 Change Total
ha Rs. Ra. Rs. Rs.

Padd
Partial to full 25 5604 4667 9317 23,425
Rainfed to full 25 5604 4667 937 23,425
Spring paddy 50 5604 0 5604 280,200
Wheat
Partial to full 25 3554 2860 694 17,350
Additional 25 3554 0 3554 88, 850

TOTAL PRODUCTION COSTS 433,250

The change in net returns with the project. equals Rs. 413,250 annually
once the final cropping pattern is reached. Table IV-6 shows the steady
increase in anaual returns over conversion period.

The &rchitect and engineering firm responsible for the design of the
Dhuwakot project also designed four other projects with a single payment for
all. Design costs attributable to the Dhuwakot project are, therefore, not
precisely known but were determined based on the relative size of the
project. Total payments to the engineering design firm were Rs. 174,000
for the four projects and Dhuwakot represeated 48X of the total construction
costs.

Maintenance and operating costs were estimated by the contractor to
average 10 percent of construction costs per year (CEMAT, 1982),
Construction costs were spread over a two year period, beginning in 1983
through 1984. The expected life of the project is 20 years (CEMAT, 1982).

~
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TABLE 1v-6

RETURMS TO CROP PRODUCTION ON COMMAND AREA QVER CONVERSION PERIOD

Paddy Wheat ;
Partial Raianfed ' Partial |
To Full To Full Additional To Full Additional Total |
| |
$1/84 ha 25 14 0 25 3 L
z benefic 55,350 38,430 0 31,475 14,850 140, 105}
: cost 23,425 13,118 0 17, 350 10, 662 By, 555
34 /85 ha 25 14 14 25 9
benefit 55,350 38,430 385, 764 31,475 44,550 555, 569
cost 23,425 13,118 190,536 17,350 31,986 276,415
85/86 ha 25 15 39 25 14
benefit 55,350 41,175 442,494 31,475 69, 300 © 639, 794
cost 23,425 14,055 218,556 17,350 49,756 323, 142
86/87 ha 25 19 44 25 19 Sk
benefit 59,350 52,155 499,224 31,475 94, 050 732,354
cost 23,425 17,803 246,576 17,350 67,526 372,880 |:
87/88 ha 25 24 49 25 24
benefit 595,350 65,880 555,954 31,475 118, 800 827,459
cost 23,425 22,488 274,596 17,350 85,296 423,155

Since construction costs involve use of unskilled labor which is paid a
wage above the market rate, some adjustment of construction cost is required. L
The World Bank (1981) found that approximately 55 perceat of construction costs
in the hill food production project's buildings and irrigation activities
involved unskilled labor., The shadow price of labor in Corkha was Rs. 7 per day
while the wage actually paid was Rs. 15 per day. This differential requires a
53% reduction in the cost of unskilled labor, which reduces total construction
costs to Rs. 1,285,887,

Benefits and costs are summarized in Table IV-7 by year. Discounting the
above cash flows using 10X/year opportunity cost of capital gives a total
present value of benefits equal to Rs. 6,078,959, and Rs. 5,499,388 of costs.
This would mean a benefir-cost ratio of 1.1l, suggesting that this particulac
Lzrigatioqgg;oigct was worth undertakiag. -

O
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TABLE 1V-7

BENBFITS AND COSTS OF [HUWAKOT LRRIGATION PROJECT BY YEAR

Costs
Operation & Architect &

Year Benefitsl{ Production?/ Construction Mainteaance Engineering
82/83 - - 642,943 -—— 83,856
83/84 140,105 64,555 642,944 128, 589
84/85 555,569 276,415 128, 589
85/86 639,79 323, 142 128, 589
86/87 732,254 372,680 128, 589
87/88 827,459 423,155 128, 589
88/89 846, 500 433,250 128, 589

" 11 1} [ 1]

" n 1] - 1"
2003/04 846,500 433,250 128,589
I/From Table 1V-4.
2/Prom Table IV-5.

E. OQverall RCUP Project Results

The henefit-cost ratios for the remaining irrigation projects were computed
using the same cenversion and adoption period that were assumed in the Dhuwakot
project. Total crop benefits and costs upon full implementation were estimated
based on budgets and adjusted for a five year conversion period. Benefit-cost
ratios for these projects are given in Table IV-8. Computations are given in
Appendix 1. '

TABLE 1IV-8

BENEFIT-COST RATIOS FOR ALL RCUP IRRIGATION PROJECTS

Gorkha Mustang
1. Ampipal 1.09 . 1. Lamanthang 1.45
2., Muchoktar .76 2. Kagbeni .45
3. Chhoprsk .70 3. Chhonup 1.01
4. Mallatar 1.06 4. Charang .67
5. Muchok 1.06 5. Ghami .93
6. Jaubari 1.25 6. Chami ward 1-4 1.31
7. Simjung .19 7.  Tukuche 2.41
8. Dhuwakot 1.11 8. Marpha 2.48
9. Kunjo 2.76
Myagdi
1. Begkhola .93
g. Ghatan 1. 87

Jheen 2.15 |
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F. Implications for Adjusting Targeta in RCUP

It is not obvious whether there is some difference between the seven
projects that cannot be justified and the thirteen that can. A benefit/cost
ratio of 1.0 or higher indicates that a given project represents an economicall
efficient allocation of resources. All digtricts had projects that were
justified, and there seems to be no clear relationship between size and economi
efficiency either as measured by command area or by construction cost.

One hypothesis which deserves further examination is that there may be
excessively high quality being applied to the architectural and engineering
degigns as well as for the construction work. Certainly the quality standards
evident in the Dhuwakot project would be difficult for rural residents to
finance without significant subsidies from HMG. Lower quality for
architectural, engineering, and construction work would yield higher
benefit/cost ratios if the quality standards are unnecessarily high, since the
reduction in pregent value for benefits will be less than that for costs.

With the majority of RCUP's irrigation projects appearing to have
benefit/cost ratios which exceed 1.0, we can safely conclude that this type of
activity should not only be retained but probably expanded in scope. Furcher

examination' of each project will no doubt yield more precise guidelines for
adjusting targets.

"’ March 1985
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VI. DRINKING WATERL/

Introduction

——— - ————— 2 .

1. Overview

Piped water systems in developing countries reduce the incidence of
waterborne disease which are a major cause of sickness. Among small chil-
dren they are a leading cause of death in Nepal. The World Health Organiza-
tion r~.siders that the provision of a safe water supply is the single most
imzurtant activity that could be undertaken to improve the health of people
livinc in rural areas. In addition to reducinag the incidence of water-born
diseases, the greater convenience and availability of water allows greater
cieanliness which reduces hygiene related diseases. Time saving benefits
result from reducing the distance to water sources, thereby giving increased
time for leisure or other productive work. In Nepal these time savings to
those fetching water can be considerable since a large part of the popula-
tion lives in hill areas where springs, though plentiful during the wet sea-
son, are difficult to reach on steep paths. Due to the monsoon climate with
its extended dry season, the flow of existina springs is greatly reduced
durina three to four months of the year. During this period the time re-
quired to fetch water increases from ten to thirty or more minutes per trip.
Women, usually responsible for water fetching, may make from five to ten
trips per day dependinoc on family size. This task requires several hours
each day. .

Villaae water systems in Nepal are costly to build and expensive to
maintain. Water systems are built with financial assistance from interna-
tional aid agencies but villagers are left with maintenance costs. Institu-
tions and skills are inadequate to maintain the systems which as a result
often last for less than half the design life. MWithout a workable pricing
or taxing system, and since the water is publicly provided, there is Tittle
incentive for individuals to take over the responsibility of caring for the
system. Systems are sometimes built for dry season conditions even though
water is abundant during six to eight months of the year. Such a system, if
not more convenient than wet season springs, may not be maintained during
the wet season. This result may mean that the new water system will not
work when it is needed during the dry season.

Water 1ike health or education has been considered a "basic need" of
people, and therefore the problem of how to supply water has not been con-
sidered to be one which involves a great deal of economic analysis. It has
been treated as primarily an engineering problem. However, all of the above
problems are primarily not engineering but social problems. The most impor-
tant probiem with plannina village water systems is that there is not enough
donor money to build a new system in every village reaardless of size or
present water availability. Some criteria must be used in choosing which
systems to build. As this study shows, some villages can be bhenefited by a
water system more than others, and knowledage of henefits and costs can aid
in making the decision of how and where to build water systems.

1/ This study was done by Kerry Livenaood.



2. Analytical Fr.mework

Economic methods can be used to measure the costs and benefits of public
water systems in different villages as well as to suggest methods of creat-
ing incentives and institutions which will maintain water systems over time.
Costs are relatively easy to measure since pipe, cement, labor and other
inputs are purchased in the market. Benefits are much more difficult to
measure. The most important benefits are improved health and added conveni-
ence. Studies have shown {Bradley, 1977) that major health related benefits
can be obtained only by reducing all vectors of disease simultaneously
through increased personal hygiene and use of toilets in addition to provi-
sion of clean water. Cleaner water is necessary for improved health but is
not sufficient to ensure that the health of the population improves. Thus
an improved water system alone, holding all other factors constant, will not
greatly reduce the number of diseases or their incidence especially in adult
populations. Villagers must adopt sanitation and improved hygiene practices
as well as have access to clean water. The approach taken here will not be
to attempt to quantify health benefits, since the procject has not undertaken
to educate villagers in nealth and sanitation practices. Instead we calcu-
late the number of incremental days a water system must save in order to
Justify building the system.

Since health benefits from drinking water system improvement may be
small and have proven difficult to quantify, a benefit-cost analysis of
water system development reiies primarily on benefits received by users from
time savings. Time savings are more easily measured than health benefits
but there are similar problems in valuing time savings due to decreased
walking time as there are in valuing decreased time due to sickness. Time
savings with no economically productive alternative use of time would have
no measurable benefit. It is difficult to measure how time gained from de-
creased walking time is used. However, as long as villagers have alterna-
tive uses for their time such as the opportunity to increase labor time
spent on their own farm, to take a job working for a neighboring farmer, or
to work on construction projects, a choice to use the time in leisure means
that leisure time is worth at least the benefits that are foregone.

3. Alternative Technical and Construction Approaches

A potable water supply makes obtaining water more convenient when gra-
vity piped water replaces streams and springs. Since Nepal is mountainous,
a water system usually involves utilization of existing springs or streams
through gravity flow systems which do not require pumps or treatment of
water. Storage tanks, pipes, break pressure tanks and tapstands are the
major components of a village water system. A1l the systems in the project
involve gravity piped systems delivered to public tapstands. In Nepal two
approaches have been taken in developing drinking water systems. One is to
allow a maximum of villager initiative in self-help projects but with little
supervision; the second method relies on careful design studies and
professional construction services. There are problems with both methods.
The self-help method more often than not produces systems with plastic pipe
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strung through trees. The sophisticated approach in Nepal's climate of gov-
ernment bureaucracy is not only time consuming but, due to lack of mainte-
nance and problems with siltation, often does not result in a longer lasting
system.

For all but the Taple project RCUP has chosen to ('tild water systems
without reauiring villacers to pay for systems or contribute lahor to system
construction. There is quite a lenathy process involved in planning and
building a water system. The planning process for each system involves RCUP
engineers, and engineerinag design firm, a building contractor, an agency of
the government, and villagers. Each system has a design phase which in-
cludes site selection, surveys and estimates, and a building phase. The
RCUP enaineers are responsible for overseeing the desian phase. A consult-
ina engineering firm was employed to study each system in order to determine
the feasibility of the system, locate sources, solve water rights problems
and to design each system. The Department of Water Supply and Sewerage is
responsible for large projects while the Ministry of Panchayat and Local
Development handles smaller projects. The role of the two government agen-
cies involved is to oversee the construction phase of each system.

Local people would not usually know how to maintain properly the water
systems RCUP has built for them. As a result, the systems cease to function
within a very short time. In most instances even if someone knew how to
repair the malfunction, they would not have the proper tools for the job.
Construction by professional contractors only turns over an intact water
system without educating the villagers in the workings and the limitations
of the system. In order to prepare villagers to take over the responsibil-
ity of maintenance of a system RCUP has attempted to train a maintenance
worker for each system. A survey of systems found that though maf{ntenance
workers had been trained and had received tools still some systems were
often not being repaired.

An alternative to the reliance on professional help is to include a num-
ber of villagers in the construction of the system and require villagers to
provide labor while constructing the system and to pay user fees. The resi-
dents of Taple panchayat were requested by RCUP to allow the construction of
the water system in ward nine to serve as a trainina school for all RCUP
drinking water system maintenance workers involved with systems built by the
Ministry of Panchayat and Local Development. In order to allow participa-
tion by local residents, part of the construction involved improvina water
collection tanks at the traditional source of water (kuwas) with villager
help under the guidance of an American Peace Corp Volunteer. 0One tap was
constructed in the center of the village by the maintenance workers while
all other taps were to he constructed by a contractor. The single tap con-
structed by the maintenance workers has been in operation for nearly a year
while the contractor has yet to complete the remaining taps in the system.
However, the one tap is easily accessible to a large part of the village and
is available when most other sources are dry during the dry season. As a
result it is reported to be heavily utilized during the dry season.

I\

|I1\ ]
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An alternative to the two methods presently used to huild water systems
in Nepal is suggested by examination of the water system at Taple Panchayat.
The seasonality problem with water flows means that system benefits are low
during part of the year but significantly higher for the two to three month
dry season. A very large expensive system probably cannot be justified
based on benefits, even though high, for such a short period. One method to
solve this problem and at the same time to provide safe water at natural
sources is to build the system only to provide the minimum safe flow re-
quired for the dry season just as the one tapstand at Taple provides. Tap-
stands could be located so that they will save the most amount of time dur-
ing the dry season when benefits are great. In order to provide safe water,
natural sources can be improved with villager assistance by building en-
closed reservoirs at the source and by protecting the watershed above the
source from contamination.

Based on past RCUP experience and the above discussfon, an analysis of
two alternatives would seem to provide both a critique of past policies and
a quide for future action. These alternatives are:

a) The approach as utilized by the project.

b) Provision of one third of costs by villaagers by requiring villagers
to provide labor to repair and protect natural sources and construc=
tion of a system designed to provide a minfmum safe auantity of
water for the dry season.

B. Physical Activity Targets and Completions

The RCUP project has undertaken twenty three projects requiring approximate-
1y $705,000. The targets for developina drinking water systems prepared in the
original design study were over-ambitious and they under-estimated the cost of
building drinking water systems usina professional construction services. The
maior cause of under-estimating costs was not including sufficient fees for de-
sign of systems by architect and enaineering firms and for contractors to build
simple gravity flow water systems. For example, the design study cost estimate
for the Shrinathkot systems was Rs. 567,400 while construction costs actually
were Rs. 1,119,471. As a result, of the 103 wards covered in 33 villages in the
first five years of the design phase, 82 wards in 23 villages have received
approval for water system development. The design phase planned to build in 44
villages at a total cost of Rs. 11,315,400 while 23 systems were built at a cost
of Rs. 11,042,728 includina design cost but not including the cost to the project
to oversee design and construction.

Table V1.1 prgsants data on drinkinc water systeoms which have been comple-
ted. Column 1 gives the name of each system accordina to Panchayat in which it
1s located which may or may not be the actual name of the village. The location
by ward number is given in column 2 and system cost including architect and
engineering design costs is given in column 3. The year or expected year of com-
pletion is given in column 4. The population to be served by the system in the
base year and at the end of 15 years is shown in column 5. The type of source
used before and after the system is constructed is given in column 6 and the dis-
tance to the old source given in column 7.



TABLE VI-1
LOCATION (F COMPLETED DRINKING WATER PROJECTS

M 2) (3) 4) {3) (6) {7)

SOURCE DISTANCE

LOCATION IN WARD | COST, RS.| YR. | POPUATION, | OCD NEW [ T0 OD,

PANCHAYATS YR.0/YR.15 MINUTES
mnaukot 16 |1,177,448| 84 | 1639/2206 | spring |river | 0
2. Manakamana 3,5-9 266,660| 84 454/787 | spring | river 25
3. Khoplang 2,4-6,8,911,093,011| 84 | 2124/2858 | spring | river 0
4. Jaubari 2,3 291,903| &4 758/1000 | spring | river 45
5. Dhuwakot 35 217,180 84 578/743 | spring | river 15
6. Palunatar 9 510,092 | 84 | 2335/3445 | kua river 10
7. Chhoprak 6 593,240 83 | 153372063 { spring | river K<)
8. Saurpani 14 484,036 84 | 712/899 | spring | spring| 15
9, Simjung 1-6 1,039,622 84 | 2256/2863 | spring | river 10
10. Swara 1,353,467| 84 | 2454/3114 | spring | spring| 18
11. Taple 1-5,9 1,373,802] 85 | 3331/4483 varies 15

. Myaadi
12. Piple 4 213,434| &4 400/593 5
13. Baraha 14 648,733| 86 | 1222/1645 | old ta 5
14. Rakhu Bhagawati 8,9 373,201| a4 723/1048 6
15. Jhee 15 405,506 | 84 | 1732/2165 | spring | stream 5
16. Doba 5 193,49 85 215/479 | spring | spring 6
17. Doba (Tatopani) Q 302,005 fa 487/655 | stream | stream 5
. Mustay
IBT%sang 5,6 128,000
19. Chhusang 8 73,500

20. Marpha 1-4,9 655,853] 85 | 1147/1434 ]| canal | stream 5
21. Kowang 6 107,472 84 87/118 | canal 5
22. Chhonop 3,4 115,829 84 201/251 | spring 4
23. Lomanthang 1-8 22,385] 84 603/753 | camal | spring 5




C. tosts

Estimated costs of system construction were minutely detailed in reports
prepared on each system. RCUP costs and engineering design costs were also
available from budgets. The architect and engineering costs were approximately
"8% of total system construction cost. Labor costs were approximately 35% of
total system construction cost. Though each project was carefully planned, the
connection between the design and actual product depends on the monitoring ef-
forts of the government agency responsible. In the design report, the consultant
estimates the cost of the system. These costs were, in most cases, considerably
higher than actual construction costs. Without careful monitoring there may be
little connection between what was desianed by the consultant and what was built
by the contractor. Consultant fees as high as 8% should also cover the cost of
some monitoring activities.

Information on all systems was not available since some are yet to be con-
structed and several systems were located in an area of the Mustang district
closed to foreigners.

D. Benefits from Savings in Travel Time

A potable water supply makes ohtaining water more convenient when gravity
piped water replaces streams and springs. Those who fetch water will have more
time to devote to other activities. There are two effects from constructing a
water system. First, there is a time savina made on each trip that was made to
the old water source that is now made to the tapstand. Second, since water is
both more abundant and cheaper, as measured in walkina time, there will be a
tendency to use more water. There is also a time savings made on these new trips
to the water source, though these time savings are made on trips that the con-
sumer was not willina to mdke when the water was less accessible. These two
types of savings are consumer surplus benefits.

Calculation for productivity benefits can be summarized as follows. First,
it is necessary to determine the amount of labor time needed to carry water for
one year's time for each villager. Travel time per trip can be left as a vari-
able and the total amount of labor time per year can be calculated based on
assumptions for waiting time during the wet season and dry season. The time
required to haul water each year from the old water source is calculated and ad-
justed for varying time taken during the dry season and wet season to fill water
contafiners. Based on field studies, the lenqgth of the dry season is 91 days and
274 days for the wet season. Also, based on a survey of water use conducted by
UNICEF in 1984 and a survey of six viilaage in the Gorkha district conducted Tor
this study, waiting time during the wet season was found to average 7 minutes
during the wet season and 14 minutes during the dry season. In equation form
labor time for hauling water for one trip per day for one year is:

TY =01 [(2 x OW) + 141 + 274 [(2 x OW) + 7]
where
TY = time in minutes required to make one round-trip per day over a
one-vear period
OW = one-way time in minutes reauired to walk to old source



For the Shrinathkot system a one-way trip to the sprina requires 30 minutes.
This means that over a one-year period 25,092 minutes will be needed to make one
round-trip per day carrying water. Assuminag an eight hour work day this is an-
proximately 52 work days which {is determined by dividing by the number of minutes
in an eiaht hour work day. Thus,

TYL = TY/480, where TYL is defined as the workday eauivalent of TY.

The number of trips per year by everyone in a village depends on the amount
of water used in the home by each perion, the number of people in the village,
and the amount of water hauled on each trip. The typical container used to haul
water holds approximately 20 liters. Water usage in most studies have analyzed
total water consumed. Only the water carried is relevant in this situation.
Studies in East Africa (White, et al., 1972) found that water requirements are 4
to 18 1iters per person per day. sSince water is available while people travel to
and from the fields or other locations, water hauling over ionger distances is
limited to water needed in the home, while other water consuming activities will
be conducted at the water source. Based on a survey of six villages conducted as
a part of this study, water consumption for distance of over 15 minutes is
assumed to be 5 liters.

Next, the amount of time required for makina one round-trip for one year is
multiplied by the number of trips required for those people benefited by the
water system. This gives the total time spent per year carrying water from the
old water source. In equation form,

LTO = TYL [(P x 5)/20],
where
LTO = days of labor time per year spent carryina water from old
source
P = number of people benefited by new system in a aiven year

For Shrinathkot there are 1,639 users (see Table VI-1) of water who will be
supplies by the new system at five liters per day per user. This guantity re-
aquires 8,195 liters of water per day. At 20 liters of water per trip this fis
equivalent to 409.75 trips per day. Over a one-year period 21,304 days of labor
time would be required to fetch this amount of water for the existina population.

Next, time spent fetching water using the new system is calculated by com-
puting the total amount of davs required to haul the same amount of water from
the newly constructed water tap. This is calculated in the same manner as above
except that the time used to carry water is not the time to the old source but
the time to the tap. This time expenditure also includes less time spent waiting
in line durinag periods of low flow since the tap system will be much more depen-
dable. Taps are generally built within a five minute walk of all users. Some
users will come from further distances during the dry season, but generally the
number of users is limited to the villaage area. For most of the year there is no
waiting time at a tapstand other than the time required to fi11 the container.
The survey of tapstand users in six villages found that the average time at a
tapstand was under three minutes. For the new system, therefore,
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TYN = 365 [(2 x 5) + 3]/480,

where
TYN = time in workdays per year spent carryina water from the new

tap.

For the Shrinathkot system the "with system" time reauired for one trip per
“day equals 9.9 labor days.

Time used to haul water from the tap with the pre-tap system amount of 5
lTiters of water consumed per user is

LTN = P [(TYN x 5)/201,

where

LTN = labor days spent carrying pre-tap system amount of water for

all users benefited.

For the Shrinathkot system, total labor time after the tap system is con-
ctructed will be 4,056 lahor days per year for all users. With no change in con-
sumption after the system is constructed, the system will save 17,248 days of
lahor (eaual to LTO minus LTN).

Water consumption increases when the distance to a water source is greatly
reduced. Since there is not sufficient data to estimate the demand for water as
a2 function of travel time, we will assume that demand is a linear function of
travel time. Studies have shown (White, et al., 1972) that demand for water is
fairly elastic, increasing two to three times when taps are made available in the
home. Carruthers {1973) found that users close to water stands used quantities
greatly exceeding more distant users. Water from a taostand is not only nearer
but the flows are more dgfendahIe and require less waiting time during the dry
season. A UNICEF surveyl/ of four systems in Nepal found that average con-
sumption was 27 liters per head. Of this amount 42% was carried to the house-
hold. This would indicated that approximately 11.3 liters per capita are bheing
carried from water taps, though this estimate might be high due to problems in
measurement of flows at one system. Based on these studies we will assume water
consumption doubles when travel time is reduced by 15 minutes or more. This
assumotion is conservatively biased since the analysis of water supply situations
in the villages hefore construction of the tap system (studies carried out hy
RCUP durina the desian of each system) found that during April and May many
sources will be dry. When a source dries up the villagers must walk longer dis-
tances to obtafn water.

Since the increase in trips could result in increased time spent fetching
water, our measure of labor time saved measures the areas under the Tinear demend
curve for water above the new trip cost and to the right of the old quantity of
trips taken. This is computed by subtractina the number of trips spent from the
new number and multiplying by one-half the change in trip time. For the
Shrinathkot system this is 8,685 days of labor. Total time savings equals 25,933
days.

1/ See UNICEF, 19R4, Results of Water Consumption Pattern Survey, Lamidana
Field Office. Eastern Development Region. Unpublished Report.



This information can be conveniently 1llustrated on a diagram showina the
demand for water as a function of labor time.

Labor Days Figure VI-1. Demand for
Per Year Water Carried From
Source to Households
52.0
9.9

309 820 Trips/Year

Labor time is multiplied by the alternative wage rate, which in this case is
taken to be Rs. 7 for Gorkha and Myagdi and Rs. 18 in Mustang. This means for
the Shrinathkot system in the Gorkha district, savinas the first year eaual Rs.
181,531. However, the population of Nepal is increasing at 2.6% per year, so
there will be additional users each year that the system is in operation. Since
there is some evidence of out migration from the Hills, the net growth was
reduced to 2.0%. The population of Shrinathkot served by the system for the

years 1984-88 and benefits for the system are given below with present values

calculated using 10%/year discount factors.

Population Benefits Present Value

1984 1,639 182,420 182,420
1985 1,672 186,094 169,176
1986 1,705 189,767 156,832
1987 1,739 193,551 145,418
1988 1,774 197,446 134,858

Total Benefits 788,704
A summary of the assunptions used to calculate benefits is aiven helow.

Waiting time without a system is 7 minutes during the wet season and 14
minutes during the dry season.

Water consumption without a system is 5 liters per day per person and
increases to 10 1iters per day after the system becomes availahble.
Waiting time with the new system is 3 minutes year-round.

Twenty 1iters of water is carried per trip.

The population growth rate is 2% in Gorkha and Myaaqdi and 1.5% in
Mustang.

The engineering design studies suqggested a 15 year life for the water
systems. However, after an informal survey of Mustang, Gorkha, Myagdi
and Makwanpur districts and in the Kathriandu Valley few systems were
found to be in operation after only five years. For this analysis three
different lifetimes for systems has been used, 5, 10, and 15 years.

[, [, - NN N —
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7. Maintenance costs are assumed to be the cost of one worker at Rs. 200
per month for a five year life of system, Rs. 400 for a 10 year 1ife and
Rs. 600 for a 15 year 1ife. Large systems often hire maintenance work-
ers while small system users usually contribute rice or majze to a main-
tenance worker.

8. The wage rate in Gorkha and Myagdi is Rs. 7 per day and Rs. 18 per day
in Mustang.

Since unskilled labor makes up approximately 25 percent of the construction
cost of a system it was necessary to adjust labor costs for the opportunity cost
of labor which is 67 percent below the actual wage rate paid. This requires an 8
percent reduction in the project cost (presented in Table VI-1) net of architects
and engineering fees. This adjustment was made and is given in Table VI-2.

Based on the above assumptions and adjustments, a computer program was
developed to calculate the costs and benefits of those systems that saved more
than 5 minutes per trip on the average. Eleven systems qualified based on this
criterion. The results of this analysis is presented in Table VI-3. Differences
in rounding methods account for the Rs. 788,704 of benefits estimated above for
Srinathkot compared to Rs. 788,541 reported in Table VI-3.

Out of the 11 systems that can be evaluat~d based on travel time savings, 3
systems have a B/C ratio greater than 1, assuming a 5 year stream of benefits.
Without proper maintenance over half of the systems that would produce positive
net benefits fall into the "red". A comparison of benefits for each different
11fetime shows that considerable expenditures can be made on a system in order to
capture future benefits that would be lost without maintenance. If a system were
maintained so that it could last the entire 15 years all but three systems would
be justified.

As important as maintenance is, if the systems are not meeting the need for
which they are intended, there will be 1ittle incentive for users to maintain
systems. The profect has built considerably more expensive systems than those
built by other donors. For example, cost estimates for the Simjung system pre-
pared by the Swiss Agency for Technical Assistance were Rs. 101,113 with 3 taps
planned while the RCUP system cost Rs. 1,177,447 and provided 43 taps for the
same area in Simjung. The effects on the benefit-cost ratio of building smaller
systems with local labor and renovation of traditional sources can be investi-
gated. The average number of users per tap for the Gorkha district projects was
approximately 70. If we build smaller systems with fewer taps, users must walk
farther than the distances required with the large system but less than the dis-
tances with only traditional sources. Tapstands would serve those who must
presently travel the longest distances and provide an emergency source during the
dry season for those users who normally have plentiful water at traditional
sources. If the system at Shrinathkot was built so that the number of users per
tap were doubled, but in such a way that travel distances were cut to 15 rather
than to 5 minutes, this would approximate the system suggested above. The cost
of such a system could be estimated based on the average cost per tap of previous
systems. The average cost per tap of previous systems built in Gorkha was Rs.
32,279. With 140 users per tap, 12 taps would have been built. Total cost of
this smaller system would he Rs. 387,348, plus an expenditure of approximately
Rs. 100,000 for repair of traditional sources, for a total cost of Rs. 487,348.

a
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TABLE VI-2

ADJUSTMENT FOR SHADOW PRICE OF UNSKILLED LABOR

ALL FIGURES

ARE IN RUPEES

SYSTEM | TOTAL COST | AZE €OST1/ | UNSKILLED LABOR | TOTAL ADJUSTED
NO. ADJUSTMENTZ2/ coST
1. 1,177,448 | 37,300 1,048,936 1,086,236
2. 266,660 | 44,100 204,755 248,855
3. 1,093,011 | 42,100 966,838 1,008,938
4. 391,903 | 45,000 346,904 391,904
5. 277,180 | 45,000 213,606 258,606
6. 510,092 | 78,300 397,249 475,549
7. 593,240 | 40,100 508, 889 548,989
8. 484,036 | 43,800 405,017 448,817
9. 1,039,622 | 43,800 916,156 959,056
10. 1,353,467 | 43,800 1,204,894 1,248,694
11. 1,373,802 | 43,800 1,223,602 1,267,402
12. 213,434 | 37,700 161,675 199,378
13. 648,733 | 37,700 562,150 599,850
14. 373,201 37,700 308,661 346,361
15. 405,506 | 51,400 325,778 377,178
16. 193,049 | 39,400 141,357 180,757
17. 302,005 | 37,000 243,805 280,805
18. 128,000 | 32,000 88,320 120,320
19. 73,500 | 32,000 38,180 70,180
20. 655,853 | 32,000 573,045 605,945
21, 107,472 | 37,700 64,190 101,890
22. 115,829 | 32,000 77,123 109,215
23. 212,385 | 32,000 165,954 197,954
Notes:

1/ 9btained from RCUP records.

2/ Adjustments were made consistent with the description presented

on page 9.

Y
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TABLE VI-3

LOCATIONS OF SYSTEMS BENEFITS cosTsl/ B/C RATIO
5-Year Life
1. Shrinathkot 788,541 1,095,334 0.72
2. Manakamana 179,252 257,953 0.69
3. Khoplang 1,021,879 1,018,036 1.00
4, Jaubari 560,937 401,002 1.40
5. Dhuwakot 128,426 267,704 0.48
6. Palungtar 317,302 484,647 0.67
7. Chnoprak 816,933 558,087 1.46
8. Saurpani 158,191 457,915 0.35
9. Simjung 306,567 969,054 0.32
10. Swara 672,339 1,257,792 0.53
11. Taple 740,124 1,276,500 0.58
10-Year Life
1. Shrinathkot 1,329,120 1,115,730 1.19
2. Manakamana 302,126 278,349 1.09
3. Khoplang 1,722,428 1,038,432 1.66
4. Jaubari 945,482 421,398 2.24
5. Dhuwakot 216,463 288,100 0.75
6. Palunatar 534,823 505,043 1.06
7. Chroprak 1,376,973 578,483 2.38
8. Saurpani 266,638 478,311 0.56
9. Simiung 516,728 989,450 0.52
10. Swara 1,133,266 1,278,188 0.89
11. Taple 1,247,523 1,296,898 0.96
15-Year Life
1. Shrinathkot 1,699,712 1,141,000 1.49
2. Manakamana 386,368 303,619 1.27
3. Khoplang 2,202,687 1,063,702 2.07
4. Jaubari 1,209,109 446,668 2.71
5. Dhuwakot 276,819 313,370 0.88
6. Palungtar 683,949 530,313 1.29
7. Chnoprak 1,760,911 603,753 2.92
8. Saurpani 340,985 503,561 0.68
9. Simjung 660,810 1,014,720 0.65
10. Swara 1,449,251 1,303,458 0.11
11. Taple 1,595,368 1,322,166 1.21

1/ System costs differ from those in Table VI-2 by the present
value of a stream of maintenance costs over a 5, 10, and 15

year period.

Present values of these costs at a 10 percent

disount rate are Rs. 9,098, Rs. 29,494, and Rs. 54,764,

respectively.
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With a cost of Rs. 487,348 and travel time reduced to 15 minutes and by
still assuming a 5 year 1ife total benefits equal Rs. 505,633 to give a henefit-
cost ratio of 1.02. With a smaller system, and perhaps a system that is needed
year round, system life could be expected to be extended without increased main-
tenance expenditures. Construction of this type of system would, however, re-

.quire the increased involvement of villagers in order to identify those tradi-

tional sources of water that do not provide permanent water flows year round and
to determine appropriate sites For taps to obtain the greates reduction in travel
times for the dry season.

E. Health Benefits

A number of systems do not save signifi.ant amounts of travel time for water
users. In some instances, as in Marpha, to go to the tap stand will actually
take more time since the old source of water was a canal that ran the entire
Tength of the village. For these systems the rationale for building them was not
travel time savinas but health benefits. Time savings can also be obtained from
health benefits of water systems. If a water system combined with improved sani-
tation oractices reduces sickness, then productive time becomes available that
would have otherwise been lost while being sick. Such time savings required to
justify a system are limited by the amount of sickness that can be attributed to
hyagiene related sources. Based on an economic life of 10 years for the water
system and no travel time savings, it is useful to estimate what these timé
savinas from improved health would have to be in order to ijustify building the
remaining systems. Using the computer program, time savings that give a B/C
ratio of 1.0 were determined. This time saving can be compared to days of labor
that might be Jost to sickness. This information is presented below in Table
V1-4.

TABLE VI-4
HEALTH BENEFITS REQUIRED TO JUSTIFY WATER SYSTEMS

VILLAGE LABOR/

SYSTEM LABOR, WORKER,
DAYS DAYS
12. Piple 4,305 21.5
13. Baraha 13,152 21.5
14. Rakhu Bhagawati 7,370 20.4
15. Jhee 8,271 9.5
16. Doba 4,032 37.5
17. Doba (Tatopani) | = = =  eececccaccccmcmcmcnccnaaa.
18. Chhusang | = esccccccccmccmccccccennan.
19. Chhusang (WARD 8) | = ==cccccoccccccmccccacaea-
20. Marpha 5,150 9.0
21. Kowang 936 21.5
22. Chhonop 1,017 10.1
23. Lomanthang 1,779 5.9
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The first column gives the total labor days that construction of the system would

have to be realized in the village in order to make the system's costs equal to

the system's benefits. Assuming that half of the villagers are economicaily pro-

ductive or able to use the time saved in a productive occupation, then the second

cotumn gives the labor time per worker that would have to be saved hy the system
in the form of decreased morbidity.

An example helps te clarify the concept. If the Piple system were ahle to
save each water carrier 16 minutes on each trip taken, then the followina compu-
tations are valid as shown in Table VI-5. By following computations identical to
those given above for the Shrinathkot system, the time savings given in column 3
and valued at Rs. 7 per day give the annual benefits shown in column 4. Dis-
counted at 10 percent, these benefits total to Rs. 219,636.

Includinag Rs. 400 per month maintenance costs, present value of total costs
are Rs. 228,872. Taking account of the Rs. 219,636 present value of benefits
reported in Table VI-5, the water system in Piple would be estimated to yield a
benefit-cost ratio of approximately 1.0.

TABLE VI-5
TIME SAVINGS REQUIRED TO JUSTIFY THE PIPLE SYSTEM

BENEFITS FOR PIPLE WATER SYSTEM

TIME VALUE OF P

YEAR POPULATION DAYS SAVINGS TIME i<, VALUE RS.
(1) (2) (3) (4) (5)
1984 400 4,305 N, 135 30,135
1985 408 4,392 30,744 27,949
1986 416 4,480 31,360 25,917
1987 424 4,569 31,983 24,029
1988 433 4,660 32,620 22,280
1089 442 4,753 33,271 20,659
1990 450 4,849 33,943 19,160
1991 459 . 4,994 34,608 17,759
1992 469 ‘ 5,044 35,308 16,471
1993 478 5,146 36,022 15,277

Total FPresent Value 219,636

Three systems could not be evaluated due to restrictions on collectina data.
The two Chhusang systems are in the restricted zone, and the Tatopani system was
found to serve a great number of trekkers while Tocal people had previously built
limited private tap systems.

Studies have found (McJunkin, 1982) that health savinags of up to 12 days can
be obtained through the combined effects of improved water and use of good health
and sanitation practices. With 12 days as a quide, only four systems qualify
since all others require more than 12 days which could not be delivered based on
potential health benefits.

I
II 1l
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F. Implications for Adjusting Targets in PCUP

Based on the above analysis, criteria for future water project construction
and selection could be based on time savings and potential health benefits. A
system could be built that would maximize the benefits of alternative tapstand
locations by considering travel times durina the dry season relative to the wet

season and by including traditional water sources and their upkeep. Evaluation
studies should involve villagers in determining where taps are needed and where
improvements in traditional water sources would be adequate. Villagers should
d1s0 be asked to contribute at least a third of the cost of the system by provid-
ina labor during the building phase. Since the village women are the most in-
volved in hauling and using water, a program that involves women in maintenance
of the system might be implemented on a trial basfs to discover if this vested
interest in the upkeep of the water system might improve system performance. An
alternative would be to institute a system of user fees to provide more ample
wages for system maintenance workers.

For those systems that do not save time in fetchina water but are considered
important for health reasons, systems in which costs require more than 12 days of
time savings per year should be evaluated for mitigating factors such as presence
of contagious disease or risk to infants. Otherwise these systems will probably

not represent an efficient allocation of RCUP resources.
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VII. THE INSTITUTE OF RENEWABLE NATURAL RESOURCES!/

A. Introduction

The Resource Conservation and Utilization Project, in attempting to halt and
reverse the deterioration of the Nepalese environment, requires well-trained
workers who understand both environmental relationships, as between vegetative
. cover and erosion, and relationships between society and the environment. During
the plannina stages of the project, Nepal had the capability to train, in-
country, 200 forest technicians. There was no college level training in-country
for the professionals required to manaae resources such as forests, soil, and
wildlife. Three alternatives exist for trainina. Training capability could be
developed in-country, students could be sent out-of-country, or personnel with
the required skills could be h.red from foreian countries. A choice was made at
that time to develop in-country traininag capability. The objective of this
trainina program was to provide a "cadre of professionals and technicians in con-
servation and utilization of natural resources, and help in institution building
that will aive Mepal a self-sufficiency in the trainina of future personnel."
The alternative of continuina to train some workers out-of-country and to hire
some from outside sources was not quantified. The main purpose of this analysis
is to compare the costs of developing workers iit Nepal to the alternative of
training the students at schools outside the country.

The approach to developing a resource management trairing school in Nepal
was put toaether jointly by a team representina the Ministry of Overseas Develop-
ment of the United Kinadom and the Agency for International Development of the
United States. A study team was organized at the end of 1978, with the following
objectives:

1. Estimate the number of trainees based on the reauirements for resource
managers country-wide.

2. 0Outline the curriculum.

3. Prepare estimates of staffina reauirements for both training of Nepali
faculty and expatriate assistance.

4. Estimate costs of developing the school.

The study team also Tooked at in-service training requirements of the de-
partments involved in resource management and at improvements that could be made
in training of technicians at the existing school.

Manpower training estimates were based on a survey of the Departments of
Forestry, and Sofl and Water Conservation. The survey estimated "deficits" on
a ten-year basis in order to determine the number of professional workers that
would be "completely adeauate for the Ministry's needs." The survey determined
that total annual output of the training program would need to he 48 graduates in
order to meet the reauirements of the various departments for Bachelor of Science
level professionals. The study team uraed a staff review as it was felt that
"many of the fiqures appear to be high (Woods, et al., 1979)."

1/ This study was done by Kerry Livinaood.
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A three-year diploma course in forestry, and soil and water conservation was
recommended with an expected intake of 30 per year. Those entering as first year
students were expected to have a certificate and at least a year of practical
experience. Since experience is only aained through working in the public
sector, this effectively ensured that only departmental employees would qain
entrance at this level. Students with a diploma (Bachelor of Science) dearee
could aain entrance in the second year through taking a special orientation
course. Ten additional students could gain admission by this method. Thus,
total output of diplomas could be as hiah as 40 depending on the faflure or drop-
out rate.l/ For IRNR a two-year certificate or technician course was also
recommended with an expected intake of 110 students per year. With a teacher to
student ratio of 1:10, the study team recommended that twelve new lecturers would
be needed. These would be obtained through overseas trainina. Expatriate assis-
tance would total six and would first develop courses and then give assistance to
staff returning from training in foreign schools. Total costs were estimated as
shown in Table VII-1.

The school was jointly funded, with the World Bank providina funds for the
physical facilities to be built in Pokhara and the governments of Nepal and the
United States providina funds for equipment, development of curriculum, and
staffing. The school was named unofficially the Institute of Renewabie Natural
Resources to emphasize that it was more than just a forestry school, that soil,
water, and wildlife were also an important part of the training provided. The
Institute beaan classes in the fall of 1981 when 30 students were admitted from
various departments of the Ministry cf Forest and Soil Conservation. Since
classes started befoare construction of physical facilities, they were held in
1981/82 in Pokhara at another campus of the Tribhuvan University system and in
the following two years in Hetaura at the forestry technician school. After a
six-week preparatory course, ten students with B.S. dearees were admitted in the
fall of 1982 into the second year class, and another 30 students were admitted as
first year students.

The first aroup of potential teachers were sent to schools in the United
States beainning in March 1980. The first full-time expatriate assigned to the
Institute arrived early in 1981 when the Assistant to the Dean position was
filled by a silviculturalist from Virginia Polvtechnic Institute and State Uni-
versity. :

Since the first year curricuium was only basic courses, expatriate assis-
tance was not needed until fall 1982 when a soil scientist, civil engineer and
resource economist arrived. The first class graduated in the fall of 1984.
Actual student enrollment for the years 1981-84 and estimated enrollment for
1985-91 are shown in Table VII-2.

1/ This estimated maximum output of 40 is lower than the estimated annual De-
partmental requirements of 48 which was discussed on pane 1. Thus, the plan-
ned output of diploma students is conservatively low.
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ESTIMATED COSTS ({7000 Rs.) BY HMG FISCAL YEARS
COST CATEGORIES TOTAL 1979-80 1980-81 1981-82 1982-83 1983-84 1984 -85
Expatriate Costs 970.0 30.0 230.0 380.0 230.¢ 50.0 50.0
Overseas Training 356.5 37.0 45.4 48.0 64.0 78.1 84.0
Staff and Salaries 307.4 - 22.2 51.2 62.8 84.4 86.8
Physical Facilities 1,364.2 - 322.1 640.5 401.6 - -
Equipment 292.8 - 24.2 198.7 69.9 - -
Maintenance 224.6 - Z5.8 32.4 44.1 59.9 62.4
TOTAL 3,615.5 67.0 669.7 1,350.8 872.4 272.4 283.2
Present Value ® 10%
Discount Factors 2,809.5 67.0 608.8 1,116.4 655.4 186.1 175.8
TABLE VII-2
STUDENT ENROLLMENT
NUMBFERS OF STUDENTS BY ACADEMIC YEARS '
1981-82 | 1082-83 | 1983-84 | 1984-85 | 1985-86 | 1986-87 } 1987-88 | 1988-89 | 1989-90 | 1990-91
CERTIFICATE COURSE
1st Year 40 75 100 100 110
2nd Year - - - - 35 70 100 100
Total 30 110 170 200 210
DIPLOMA COURSE
1st Year - 10 10 10 10 10 10 10 10 10
1st Year 30 30 30 30 30 30 30 30 30 30
2nd Year - 36 36 36 36 36 36 36 36 36
3rd Year - - 35 35 35 35 35 35 35 35
Total 30 76 111 111 111 111 111 111 111 111
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B. Analytical Method

Cost-benefit analysis in this case involves comparing the costs of the al-
ternative already chosen (developing in-country training) to the cost of sending
students outside the country for training. The costs of out-of-country training
are the henefits from choosing to develop in-country trainina. If the costs are

"higher for out-of-country training the benefit-cost ratio will be greater than

one. If costs are less for out-of-country training then the benefit-cost ratio
will be Tess than one. For almost any product, a developina country faces the

problem of whether to produce a good or to import it. Unless the country can
eventually produce the good at a lower cost than the cost of importing it, the
industry will not be competitive in the world market and the industry will not
contribute to development.

c. IRNR Costs

1. Overseas Trainina for Faculty

Beginning in 1981 the first of eighteen faculty were sent to schools in
the United States to work on either a Master of Science or a professional
degree such as a Master of Forestry. Costs include airfare, tuition, books,
stipend, and medical expenses. Expenses varied dependina on the school and
length of time required to complete coursework. Actual or estimated costs
for each participant are given in Table VII-3. A1 but one student returned
to the Institute to teach, and all fulfilled the recguirements for their
degree.

Overseas training costs are project costs irvolving foreign exchange.
Dollars are beina converted through RCUP into Mepalese Rupees at the offi-
cial agovernment rate, rather than at the free market rate which is approxi-
mately 20% higher. Use of the official foreign exchange rate, therefore,
undarstates the true economic cost of overseas training. To correct for
this distortion, the RCUP's reported costs of overseas training must be
increased by 20%. Tnis adjustment is made in Table VII-3.

2. Physical Facilities and Site

The World Bank, as a part of the Community Forestry Program, is provid-
ing funds for construction of classrooms, hostels, administration buildings
and residential buildinas in Pokhara on 71.5 hectares of land given by the
Department of Forest. In addition to this area 3.5 hectares were purchased
at a cost of Rs. 256,000 per hectare, and 5.7 hectares were purchased for
Rs. 157,000 per hectare. Thouah most of the land was a gift, there is still
an opportunity cost for land. This is the value of the land in its most
productive use. Market value is one indicator of this opportunity cost.
Land prices vary with location and suitability for business or agricultural
use. Though the campus is near one of the fastest growing cities in Nepal,
71.5 hectares of the land is hilly, suitable neither for home or business.
In areas suitable for home or husiness, land values range from Rs. 295,000




ACTUAL AND E¢

~ OVERSEAS

G COSTS FOR NEW FACULTY

ALL FIGURES ARE IN U.S. DOLLARS BY HMG FISCAL YEARS

NAME PERIOD 1980-81 | 1981-82 | 1982-83 | 1983-84 | 1984-85 | 1985-86 | 1986-87 | 1987-88
1. Balla, M.K. 03/80-01/83 8,428 11,752 2,178
2. Das, A.K. 01/81-07/83| 39,287 | 14,932 8,514
3. Deo, N. 01/81-07/83| 11,670 ] 14,469 | 10,072
4. Devkota, I. 08/81-07/83 2,914 | 14,406] 12,686
5. Haque, M.S. 08/83-07/86 7,632 17,892} 17,892 7,601
6. Joshi, S.B. 01/81-07/83 ] 11,063 | 16,357 7,322
7. Kanel, K.R. 01/81-06/83 ] 11,845] 17,555 9,517
8. Karki, M.B. 05/80-08/82 8,896 14,046
9. Karmacharya, S. | 01/81/06/83 9,993 | 15,682 7,369
10. Koirala, B. 01/81-06/831 13,311} 16,977 9,573
11. Mehta, J.N. 09/84-09/86 3,000 ] 15,000} 10,000
12. Nepal, S. 12/81-12/84 2,667 1 14,339} 14,339
13. Rayachetri, M. | 09/84-03/87 3,000 | 13,000} 10,000
14. Rayamajhi, J. 09/84-01/83 | 10,577 | 14,504 7,974
15. Sah, R. 09/81-09/83 2,825 11,729} 11,599 7,000
16. Sainju, U.M. 03/80-10/82 5,432 | 13,912
17. Shresta, R.B. 04/83-05/84 9,708
18. Tuladhar, K. 04/83-05/84 11,897 | 14,504 | 10,577
19. Rana, S. 9,000 13,000 11,000
20. Pradan, P. 9,000] 13,000 11,000
21. Replacement 9,000 13,000} 11,000
22. Replacement 9,000 13,0001 11,000
TOTAL COSTS 106,330 | 181,654 | 157,679 71,784 48,562 | 71,600] 74,000] 44,000
ESTIMATED FREE
MARKET FOR. EXCH.
RATE, Rs./U.S.$ 13.2 15.6 16.8 19.2 20.4 21.6 22.8 24.0
ADJUSTED TOTAL
COSTS IN ‘00G Rs. 1,403.6 | 2,833.8] 2,649.0 1,378.3 990.711,546.6]1,687.2] 1,056.0

-g-

-
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per hectare to almost double this amount. Land values for pasture and for-
estland in rural areas averaae Rs. 40,000 per hectare based on land reais-
tration values. Using Rs. 295,500 for the 9.2 hectares of level land and
Rs. 40,000 for the hilly area, total opportunity is Rs. 5,574,000.

Total construction cost of the physical facilities is Rs. 42,704,092.
A considerable amount of underutilized labor is to be emnloyed on the oro-
ject. From the work program made available by the contractors, approximate-
ly 180,000 man-days of labor are to be employed in the various stages of
construction. 0Nne fifth of this is skilled lahor paid at Rs. 35 per day,
and the remaining time is unskilled labor paid at Rs. 22 per day. Based on
these fiaures, total cost of labor will be Rs. 4.4 million. Labor is avail-
able in Nepal durina those times of the year when there is little aaricul-
tural work heina done on the farm. This is approximately half of the year.
Since skilled labor is fully employed and surplus unskilled labor is avail-
able for one-half the year, we can determine the total payments to workers
which would have been required to hire them away from alternative labor.
This rate is approximately Rs. 8 in the hiil area surrounding Pokhara, so
that approximately half of the waaes paid for the 140,000 man-days provided
by unskilled Tlabor must bhe adiusted due to the availability of surplus
Tahbor. This adiustment aives a total construction cost of Rs. 41,696,002.
Const;gction hegan July 1, 1984 and is expected to be completed by May,
1986.

Since the contractor used the official foreign exchange rate rather
than the actual market rate. which is about 20% hiaher, an adjustment of
that portion of construction costs involvina materials produced outside
Nepal is necessarv. fivil works invoive, except for cement, locally avail-
able rack and brick, while electrical, water, and sanitation systems reauire
materials produced outside Nepal. Civil works are approximately 78% of the
total construction cost while water, electrical, and sanitation systems make
up the remaining 22%. Cement was estimated to make up approximately one-
third of the civil works cost. Approximately 48% of the total construction
cost involves foreian exchance, thus 48% of the total construction cost
reauires a 20% increase. Allocatina construction costs proportionally over
the construction period gives costs as shown in Table VII-4 for the years
1984/85 through 1986/87.

The Institute is temporarily located in Hetaura while the campus is
being constructed. Some costs have been incurred to adapt buildings and
offices for use as well as tn rent hostels for 120 students. These costs
are also included in Table VII-4.

3. Equipment

The equipment for teachina and research is provided through the pro-
Ject. Actual costs for 1982 and 19R3 were ohtained and cover a large part
of the equipment neerded for teachina, since classes are already beina con-
ducted. A1l other estimates are based on remaining eauipment requirements.
Equipment costs are aiven by year in Tabhle VII-4 and have been adjusted up-
ward by 20% to reflect the true opportunity cost of foreian exchange.

1/ The cost figures in this discussion are derived from the winnina bid submitted
by the Chinese contractnr for constructina the Pokhara campus of IRNR.




TABLE VII-4
SIMARY F IRRR COSTS

— AL O0STS ARE TN 000 RS, BY MG FISCAL YEARS
COST CATEQRIES 1980-81 | 1981-821 19%2-83 | 1983-84 | 1984-85 | 1985-86 | 1986-87 | 1987-688
Overseas Trainina for
New Faculty 1,403.6] 2,833.8| 2,649.3| 1,378.3 00.7] 1,546.6| 1,687.2] 1,056.0
Land and Physical 5,574.0 32.5 14.0 45.0] 11,791.2| 23,%82.4]| 9,977.2 -
Facilities
Equipment -] 3,847.5 66.0 448.0 612.0 497.4 497.4 497.4
Student Support - - 48.0 96.0 9.0 9.0 144.0 225.6
Staff Salaries 57.0] 444.5] 1,001.0{ 1,515.0] 1,821.4] 2,083.2{ 1,111.0] 1,111.0
Maintenance & Utilities - - 19.5 26.0 61.0 61.0 2.0 338.5
Operating Costs - - 609.4 69.0{ 1,045.0] 1,045.0{ 1,045.0] 1,045.0
Library - - 42.6 129.6 a86.4 237.6 2.0 X.0
Vehicles -1 358.8 897.6 499.2 - - - -
Research - - - - 340.0 525.0 525.0 525.0
Expatriates 1,862.6 1,5%.0|] 6,712.1| €,931.4| 5,138.2| 5,153.6| 5,153.6] 5,468.6
TOTAL 8,887.2} 9,113.2| 12,149.2} 11,764.5| 22,881.9| 34,797.8| 20,452.4| 10,297.1
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4. Student Suéport

A stipend of approximately Rs. 400 per month is being paid to those
students entering with a B.Sc. dearee. Those students who are full-time
employees on leave to attend school receive their reoular salary which var-
ies from Rs. 600 to over Rs. 1,000 per month depending on seniority. This
salary would be paid to these department employees whether the student is
trained in-country or out and is therefore not included in the estimates of
incremental costs for estsblishing IRNR. The stipend for diploma students
is Rs. 4,800 per student per year. Approximately 25% of certificate stu-
dents would receive a scholarship when the certificate program begins upon
completion of the Pokhara campus.l/  Students who raceive salaries from
a department are not eligible for stipends. According to the project
Allowance Plan, the stipend is an incentive whose purposes are to draw
better students to the Institute, to increase the rpercentage of female
students admitted to the Institute, and to encourage students from remote
areas of Nepal to seek admission to the Institute. This represents a real
cost to the project since many of the students, especially the female ones,
would not have heen able to attend without receiving a scholarship or
stipend.

5. Staff Salaries

Staff costs include salaries paid by the Tribhuvan lniversity system to
teachers and administrative staff, and a proiect allowance, provident fund
and housing allowance paid throuqh the RCUP. The housirg allowance is paid
only to the staff of the Pokhara campus while bhoth the Pokhara and Hetaura
campus staff receive the project allowance and provident fund. Project
allowances, the provident fund and housina allowances were included as in-
ducements to counteract the disadvantaaes of livina and working in Hetaura
and will be phased out when the Pokhara campus is completed.

As shown in Table VII-5, in the HMG Fiscal Year 1983-84, the Pokhara
campus employed 18 teachers and 32 acdministrative staff. Salary costs were
calculated for the 1980-1984 period by multinlying salary by the numbers of
staff holding that position. From Table VII-5, total salaries in 1083-84
were Rs. 593,000.

A project allowance of 30% and provident fund of 10% were paid to the
staff of the Pokhara campus beginning in 19R1-82 and to the staff of the
Hetaura campus beginnina in 1982-83. Salaries for estimatina project cost
for the Pokhara campus were Rs. 593,000 for 1983-84 and Rs. 977,5202/
for aii years in which the staff of the Hetaura campus receive benefits. A
housina allowance of approximately Rs. 2,RN1 per year were paid to each
Pokhara campus staff member. Including all benefits to both campuses, the
total cost to the proiect of Ps. 768,258 for HMG Fiscal Year 1983-84 fis
calculated as shown helow:

Payment of a stipend to certificate students has received criticism from
some IRNR administrators on the qrounds that both the Hetaura and Pokhara
campus proarams should be treated eoually. For this analysis it will be
assumed that stipends will be paid to 10 students in 1986-87 and to a maxi-
mum of 27 students thereafter.

This fiqure is the basis used for calculatina the allowances paid to Hetaura
campus staff. See page 10.

1

1



TABLE VII-5
HG STAFF AD SALARIES COSTS F(R IRNR

NOFBERS OF STAFF BY WG NUMBERS OF STAFF BY
SALARY FISCAL YEAR "SALARY FISCAL YEAR
PRIOR TO IN/AFTER
1984-85 | 1980-81 | 1981-%2 | 1982-83 | 1983-84 | 1984-85 | 19M-85 | 1985-86 | 19686-87
Teachina Staff
; n Charge 24,606 0 1 1 1 31,151 1 1 1
Lecturer 20,817 0 4 4 12 | 26,34 12 16 17
Asst. Lecturer 16,412 0 0 0 1 20,778 2 2 2
Demonstrator 14,651 0 2 2 4 | 18,548 4 4 5
Research Asst. 12,71 0 0 0 0 16,168 0 1 2
Lab Asst. 10,221 0 0 0 0 | 12,940 1 1 3
Instructor 17,118 0 0 0 0 | 21,67 0 1 1
Total Nurhber of Staff 9) 7 7 18 20 .} kj |
Cost in '000 Rs. 0 137 137 | 476 619 %
Administrative Staff
Account. UFF. 17,818 1 1 1 1 22,558 1 1 1
Asst. Adn. Off. 16,453 1 1 1 2 | 20,829 1 1 1
Asst. Lih. 15,237 0 1 1 1 19,290 1 1 1
Clerk 9,400 1 1 1 3 11,900 3 3 3
Accourtant. 13,605 1 1 1 1 17,223 1 1 1
Storekeeper 11,894 0 0 1 1 15,058 2 2 3
Typist 9,400 0 1 1 2 | 11,900 1 1 1
Merographer 6,707 0 0 0 0 8,491 1 1 1
Lah Asst. 6,707 0 0 0 0 8,491 1 1 1
Plant Collector 6,777 0 0 0 0 8,580 0 0 1
Electiician 3,549 0 0 0 0 4,493 0 0 1
Driver 7,398 0 1 2 2 9,366 2 2 2
Health Asst. 2,662 0 0 0 0 3,370 0 0 1
Cook 5,032 0 1 2 2 6,371 2 2 3
Gardner 5,383 0 0 0 0 6,815 1 1 4
Peon 5,032 0 1 2 2 6,371 2 2 3
Guard 5,032 0 2 4 9 6,371 9 9 13
Cleaner 4,122 0 2 3 5 5,218 5 5 5
Matron 5,032 0 0 0 1 6,371 1 1 1
Total Nurber of Staff T 13 20 32 A A 37
Cost in '000 Rs. 57 18 161 L. kj L 315 LS
TOTAL SALARY 57 255 208 £93 761 B4 | 1,111
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Pokhara Campus Rs.
Provident Fund (10%) 59,300
Project Allowance (30%) 177,900
Housina Allowance 140,050

Hetaura Campus
Provident Fund (10%) 97,752
Project Allowance (30%) 293,256
TOTAL Project Allowances 768,258

Project costs for salaries for the years 1980-81, 1981-82, and 1982-83
were computed similarly except that the Hetaura campus staff did not receive

the provident fund or the project allowance in 1980-81 when classes were
held in Pokhara.

Salaries were increased by approximately 27% in 1984-85. Since this is
the first major pay increase in three years, it will be included in order to
cover potential increases in productivity that were gained throuah over:ieas
training. Future pay increases will not be included since inflation would
be expected to affect all cost categories equally.

A11 costs absorbed by RCUP required an increase by 20% in order to com-
pensate for the difference between the free market foreign exchange rate and
the official foreign exchange rate. These adiustments are shown in Table
VII-6.

6. Maintenance and Utilities

With donor assisted projects, funds for physical facilities are often
the major form of assistance. HMG is left to find the funds to maintain and
repair these facilities, and often there are insufficient funds budgeted for
regular maintenance. The Hetaura campus is only 17 years old, but its water
and electrical systems would now be easier to replace than to repair. With-
out a dependable system of water and electricity, lahoratories and toilet
facilities cannot be used. The Hetaura campus budgets Rs. 95,000 for main-
tenance which is either not used effectively or is not sufficient to main-
tain the facilities. Maintenance is not adeauate at the Hetaura campus,
and, therefore, more will be eventually reauired at the Pokhara campus.
Mazintenance on the new campus will be expected to increase yearly as the
campus ages, with very little maintenance required at first. Maintenance is
usually 5 to 7% of the normal operating budget on other university campuses
in Nepal. Therefore, maintenance is projected to be 5% of the budget in the
first year after completion and increases by 1% per year until it reaches
7%. Due to the problem of projectina beyond year 30, this analysis ends in
2010 even though the grounds, building, and school will still be in opera-
tion. Rather than projecting beyond 2010, grounds and building value are
estimated for that point in time and their value recovered by depreciating
buildings based on a 40-year lifetime.

7. Operating Costs

Operating costs were obtained from Pokhara campus budgets given in

Table VII-7 and by projecting costs based on those of other campuses. Ope-
rating costs include insurance, fuel, postage, field tour costs, travel,
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TABLE VII-6

STAFF COSTS IN '000 RS. WITH ADJUSTMENT
FOR SHADOW FOREIGN EXCHANGE RATE

HMG FISCAL ADJUSTED ADJUSTED
YEARS MG cosTsl/ | rcup cosTs2/ | rcup cosTs | TOTAL cosTs
1980/81 57.0 - - 57.0
1981/82 255.0 158.0 189.6 444 .6
1982/83 298.0 685 . R 703.0 1,001.0
1983/84 593.0 768.3 922.0 1,5615.0
1984 /85 791.0 858.7 1,030.4 1,821.4
1985/86 934.0 932.7 1,119.2 2,053.2
1986/87 1,111.0 - - 1,111.0

1/ From Table VII-S5.

2/

Based on explanation given in Section 5, "Staff Salaries".

TABLE VII-7

ANNUAL RECURRENT COSTS FOR POKHARA CAMPUS

"000 RS. BY HMG FISCAL YEARS
COST CATEGORIES 1982-83 1983-84 1984-85
Exam Expenses 1,500 2,000 2,000
Etectricity and Water 14,500 16,000 20,000
Rent 150,000 150,000 230,000
Maintenance & Repair 5,000 10,000 41,000
Fuel Costs 117,000 ap, 000 116,000
Advertisements 18,000 15,000 10,000
Bank Charge 3,000 5,000 5,000
Telephone & Postage 27,500 17,000 20,000
Printing and Stationery 60,900 90,000 105,000
Magazines 11,000 31,000 15,000
Travel 25,000 25,000 55,000
Special Occasions 10,000 12,000 5,000
Receptions 1,000 3,000 5,000
Overtime 2,000 2,000 5,000
Meeting Allowance - 10,000 25,000
Office & General Exp. 21,500 20,000 25,000
Student Welfare 89,000 110,000 236,000
Publications - - 5,000
Chemicals & Materials 50,500 85,000 100,000
Loading & Delivery 2,000 3,000 20,000
TOTAL RECURRENT €NSTS 609,400 696,000 1,045,000
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office materials, and chemicals and Taboratory materifals. At the present
time, the Pokhara campus operating costs are already double those of the
Hetaura campus with half as many students.

8. Library

Library materials are not easily acauired in Mepal, but without a
library the Institute will not be able to carry out research or expand with
a graduate program. A considerable number of books have been donated by
schools in the United States. The present goal is to have 15,000 volumes in
the library when the Pokhara campus 1s completed.

9. Vehicles _

Two small jeeps and ione four-wheel drive station wagon have been pur-
chased for use by the IRNR. Two more vehicles have now been ordered and
should be available early in 1985. Two buses were purchased for field trips
at a cost of $28,000 each. These vehicles, if maintained, could be service-
able for five years when others would need to he purchased. As few vehicles
are purchased by Tribhuvian University, replacement of these vehicles is not
expected and costs have not been included. Costs for these items are in-
cluded in the Vehicles 1ine item of Table VII-4.

!

10. Research /

The Institute, witﬁ 18 trained professionals. could provide very impor-
tant research services jnot now available except through imported experts.
With proper guidance, ¢he faculty could carry out applied research in re-
source management problems in Nepal. A number of proposals have been pre-
pared, and research wo#k began in the fall of 1984. One henefit of training
forestry professionals [to work on the staff of the Institute is the research
work that will be done|as these faculty members work on problems that would
have otherwise require out-of-country experts. The faculty can solve many
resource management priblems at a lower cost to Mepal. Based on experience
at the Rampur Campus, |Institute of Agriculture and Animal Science, and the
Agricultural Project Services Center, we project that returning faculty take
three to five years t( beain consulting work and approximately half of re-
turning teachers take/ advantage of research and consulting opportunities.
Faculty at Rampur are/ able to make up to Rs. 92,000 per year in consulting
work. Workers at APR|)SC are able to double their salaries of approximately
Rs. 24,000 per year,|l/ Based on this potential earning ability, half
of the faculty (nine) are projected to make Rs. 24,000 per year over their
professional lifetimg, which is assumed to be 25 years. Since teachers
began returning in 1982, benefits would begin accruing in 1987 at the rate
of Rs. 216,000 per y¢

!

1/ Personal conversation with Michael Wallace, Agricultural Development Council

representative. |
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11. Expatriate Faculty

Expatriate faculty and advisers assist in the six major areas for which
RCUP has responsibility: (1) spatial planning, (2) curriculum development,
(3) 1ibrary development, (4) research program develaopment, (5) teaching, and
(6) outreach planning and coordination. The areas of curriculum development
and teaching consume the majority of the expatriates' time. These faculty
include the assistant to the dean, in a purely administrative role, and
three faculty members: a soil scientist, an engineer-hydrologist, and a
resource economist. Future assistance plans include a forest management ex-
pert to assist in teaching and research, a combined sofl scientist/assistant
to the dean position, a forest engineer, and a Peace Corps Volunteer to
assist 1n‘Feach1ng remote sensing. Expatriate faculty costs are given in
Table VII-I

D. OQut-of-Country Training

In the past, professionals in resource management have been sent out-of-
country, primarily to Dehra Dun in India for training. In recent years it has
become increasingly difficult to enroll Nepalese students in Dehra Dun, and stu-
dents have been sent to Pakistan, New Zealand, Australia, and the Philippines.
Costs vary at the different universities as well as the air fares to send stu-
dents to them. A Bachelor of Science degree in Forestry at Los Banos in the
Philippines costs an average of $6,800, and the Associate of Indian Forestry Col-
lege (A.I.F.C.) degree costs around $7,000 per year. Approximate costs in
Thailand are $6,000 per year. The approximate lenath of program for students
with a B.Sc. is two years, and for department employees with a certificate from
the Hetaura campus it would require three years. The equivalent to the certifi-
cate degree would require two years. Tabiec VII-9 agives the total costs of out-
of-country training at an average cost of $6,000 per year per diploma student.
Certificate students could be sent to schools in India, such as Birsa Agricul-
tural University, for approximately $3,000 per student per year.

E. Comparison of In-Country and Out-of-Country Costs

As detailed in Table VII-10, the present value ‘in-country training costs at
a 10% rate of discount is Rs. 134,589,800 compared to Rs. 186,309,500 for the
out-of-country alternative. This gives a benefit-cost ratio of 1.38. There are
two adjustments that further reduce the present value of IRNR costs and raise the
B/C ratio. The first is faculty consulting benefits. An estimated Rs. 216,000
per year is expected to be realized beginning in 1987 (see Section 10. Research).
The present value (at 10%/year discount factors) of this earnings stream is Rs.
1,006,100. The second must be made due to the time horizon of this study being
limited ta 30 years. Since the land and facilities will still exist at the end
of the time horfzon used in this study, thefr value at that date must be esti-
mated. Since facilities will be 24 years old, and assuming a building 1ife of 40
years, the value of the physical facilities is taken to be reduced by 60%. This
leaves Rs. 17,081,637 in facilities. Land is valued at its original opportunity
cost of Rs. 5,574,000. Present value of this sum (facilities plus land) dis-
counted for 30 years equals Rs. 1,298,400. The present vaiue of net in-country
costs including these two adjustments is Rs. 132,285,300. The adjusted B/C
ratio rises sliahtly to 1.41.

i
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TABLE VII-8
EXPATRIATE COSTS
ALL s. BY
POSITION 1960-81 | 1981-82 | 196283 | 1983-84 | 198485 | 19865-86 | 1966-87 | 1987-08
Assistant to the Dean |1,543.81,330.0{1,701.3} 1,822.0 - - -
Soi1 Sclentist - -11,426.411,361.1|1,782.6]1,977.9| 1,977.91 1,687.8
Civil Engineer - -11,249.6 1,158.4 - - - -
Rescurce Econamist - -|1,216.11,434.7 - - - -
Forest Management - - - -11,240.6|1,158.41 1,158.4 1,404.7
Forest Engineer/Silvi. - - - -11,249.6]1,158.4] 1,158.4| 1,434.7
TOTAL 1,543.81 1,330.0| 5,593.4} 5,776.2| 4,281.8| 4,294.7 | 4,294.7 | 4,557.2 }
Adjusted Total For 20%
Di ff. Between Offi-
cial and Free Market
Fx. Rates 1,852.6] 1,59.0| 6,712.1} 6,931.4| 5,138.2] 5,153.6 | 5,153.6 | 5,468.6

1
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TABLE VII-9
OUT-OF -COUNTRY TRAINING COSTS IN '000 RS.

NUMSER OF STUDERTS TRATRING TOSTS IN 000 RS-
DIPLOMA | CERTIFICATE | DIPLOMAL/ | CERTIFICATEZ/ | TOTAL
HMG FISCAL
YEARS

1981/82 30 - 2,376 - 2,376
1982/83 66 - 6,178 - £,178
1983/84 101 - 10,181 - 10,181
1984/85 101 - 11,635 - 11,635
1985/86 101 - 12,362 - 12,362
1986/87 101 40 13,090 2,592 15,682
1987/88 101 110 13,817 7,524 21,341
1988/89 101 180 14,544 12,960 27,504
1989/90 101 210 14,544 15,120 29,664
1990/91 101 210 15,271 15,876 31,147
1991/92 101 210 15,908 16,632 | 32,630
1992/93 101 210 16,726 17,388 34,114
1993/94 101 210 17,453 18,144 35,897
1994/95 101 210 18,180 18,900 37,080
to 1995-2010

1/ Crost estimates are based on a memorandum obtained from John Cool, Agricul-
tural Development Council in Kathmandu, and Gerald Nelson, Aaricultural
Development Council in Manila.

2/ Estimates are based on costs of sending students to similar programs in
Indian colleges.
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TABLE VII-10

COMPARISON OF IN-COUNTRY TO OUT-OF-COUNTRY COSTS

ALL FTGURES ARE IN "000 RS. |

OUT-OF -COUNTRY COSTS

IN-COUNTRY COSTS

ESTIMATED PRESENT ESTIMATED PRESENT
COSTS VALUE COSTS VALUE
HMG FISCAL
YEARS

1980/81 - - 8,887.4 8,887.2
1981/82 2,376 2,160.0 9,113.2 8,288.7
1982/83 6,178 5,105.8 12,149.2 10,040.7
1983/84 10,181 7,649.1 11,764.5 8,838.8
1984 /85 11,635 7,946.9 22,881.9 15,628.6
1985/86 12,362 7,675.8 34,707.8 21,606.7
1986/87 15,682 !,852.1 20,452.4 11,544 .8
1987/88 21,341 10,951.3 10,297.1 5,284.0
1988/89 27,504 12,830.8 10,297.1 4,803.7
1989/90 29,664 12,580.4 10,297.1 4,367.0
1990/91 31,147 12,008.5 10,297.1 3,970.0
1991/92 32,630 11,436.6 10,297.1 3,609.1
1992/93 34,114 10,869.8 10,297.1 3,281.0
1993/94 35,897 10,869.8 10,297.1 2,082.7
1994/95 37,080 9,764.3 10,297.1 2,711.5
1995-2010 37,080 67,516.6 1n,297.1 18,749.3
TOTAL 186,309.5 134,589.8
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F. Implications for Adjusting Targets in RCUP

With a benefit-cost ratio of 1.4 and net benefits of over Rs. 54 million,
fn-country trainin? is a relatively more effective method of developing resource
management skills in Nepal based on a comparison of costs as given in this study.
This conclusion is derived from the assumption that Nepal can and will utilize
“all the resource managers that will be trained. If a surplus of resource man-
agers is produced at some time in the future, then this will reduce the advan-
tages of investing in the IRNR unless spare capacity were to be filled by admit-
ting students from other countries. Since there currently seems to be a shortage
of training capacity in Asia for foresters, the prospect of attracting foreign
students would seem bright.

The investment in IRNR, therefore would appear to be an efficient allocation
of resources. Positive net benefits are forecast, and this is the main criterion
for judging economic efficiency. At this time no adjustment of targets with res-
pect to enroliment and physical facilities would seem to be necessary.

January 25, 1985
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