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MEMORANDUM

~)J\TE: 22 f.1,-il:'ch 1985

1'0: Par;~. i,_.~~pants in Workshops for the Draft Benefit/cos.t StU(E:~~
o f j \ ,_. I) 1)

FROM: Edward Vickery

Accompanying this memorandum is your set of draft benefit/
cost studies on six components of the Resource Conservation
and Utilization Project. Included in this set are analyses
of for0.stry, watershed management,. appropriate technology/
energy, 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
co~n~nts 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. FORESTRY 1

~orest9 provide the resource base assoc iated with two of Nepal's greatest
cons{rvat ion problems: (l) 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 ten years (Ganguli et al., 1983). Erosion has resulted in soil
loss in the neighborhood of 20 to 50 I.ons per hectare per year and ranging to
extremes of 200 to 500 metric tons per hectare per year (DSCk'M. 1977). The sig
nificance of this loss of forest cover and associated erosion is emphasized when
we consider the fact that wood provides 90% of the Nepal's domesti~ 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
effect on existing cropland is severely negative and very important in this high
ly agricultural country.

The human pressure on the forestland is a function of the demand for fuel.
fodder. and forage and of the open access nature of the resource. Open access
means that the resource is available to everyone. There is no initiativ.~ 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. Its 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 institucions 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 of further reforestation proj~cts. These projects emphasize relative
labor intensity and biological over mechanical means. This is because, as gener
al rules in Nepal. labor is plendful relative to capital and biological means
are locally less expensive than mechanical means. For forestry, this' suggests

. nurseri~s and reforestation projects, hand planting, stone fences in preference
to wire fences, and preference 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 locations, institutions.
or management activities~ Successful projects. for our purposes in this chapter.
are those projects ~ith soci~l benefits exceeding social costs. 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 target
expansion and/or successful new projects.

1This 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. Its intent is 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 completionD for each RCUP
forest management act ivity 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. ~'e 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 ant icipated benefits of panchayat for
ests vary with ant icipated 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 on 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 plantat ion case study which describe .nat ional forest. panchayat
protected forest, and floodplain plant at ions. the remaining primary RCUP forest
management activities. This section also summarizes and draws implications from
our benefit-cost observat ions for future adjustments in RCUP for,est 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
~st 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 bills of Nepal prior to 1957 was
to cut prime fuelwood and timber trees leaving a scrub forest to r~grow. No:
further harvest occured unt it the scrub forest was of fuelwood SlZC again,
and even then the best trees were left aa growing stock until they ware of
sufficient size to make housing timbers. The Forest Nationalization Act of
1957 changed this. Forcs~ o~n~r8hip and management became the responsibil
ity of Ris Hajest ip.:il Government (RHG). Beginning with this act. villllges
had to pay for Uf:je of the fore·st. The. F,')rut Nat ior-at izat ion Act was well
intentioned but it removed identifiable (local) re9ponsibility. What became
everybody's forest in theory was nobody-in-p::ti~ular's forest in practice.
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The new national authority provided forest guards but these were insuffi
cient to li.mit access. The village rights to harvest timber were gone.
Thus the incentive 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
responsibility and to whom accrue full future benefits of conservation and
management. This solut ion 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 conunons. 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 vill.age panchayats (pan.chayat protected forest)
and the creation of other forest plantations from eroded or otherwise unused
land (panchayat forest). In both caees,. individual panchayats share the
gains from forest management with Ris hajesty's Government. There is a par
tial, but not complete, transfer of the forest from the central government
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 conununity
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 guard,'! 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 institutional
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 RMG agency for the forest management projects.
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although the Department of Soil Conservation and Watershed Mana~ement

(DSCWH) also maintains activ2 involvemenc. 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 understood to
mean fores,t 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 overcome some of the open access
problem originating with the Forest Nationalization Act of 1957. The catch
ment conservation officer (CCO) from the DSCWH 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 nat ional 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 DS~'M provides administrative sup
port.' Neither national forest nor floodplain plant at ions are associated
with local pcnchayat responsibility or reward. therefore both remain subject
to open acce•• problems.

Table I-I shows the original annual physical targets, the reV1Slons in
these targets. and the final accomplishments for Gorkha. Myagdi. and:
Hustang. the three political divisions on the two watersheds in which RCUP
is active. We observe that the general concentration of targets ha~ been in

...Gorkha. Gorkha has the most arable land (38.7%) 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 arabl(l. Hyagdi represel1ts an intermediate case. closer
to that of Gorkha. in both topographic and demographic characteristics.

...
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TABLE 1-1

FmEST KUW»flll': TARlEIS Am MX:DiR.19lteaS

FISCAL lEAR 1980-8/. FISCAL E\R 1981-Bl FISCAL »:AR 19H1-ID FISCAL "£\R 19B3-1ft FISCAL lEAR 1984-85
um.'/

1alVlI'Y l.OCATlm 1'0* 1R* Ja:JI 'IO TR NX 10 TR JD;; 10 1R JD:; 10 n

hacNIy~ Forest RA. Ce)· 4.0 4.0 4.0 15.0 15.0 15.0 33.0 33.0 33.0 54.0 ~O.O 40.0 71.0 So. 0
CFuelwood) rH\)* - 2.S 2.5 8.0 8.0 8.0 19.0 19.0 B.O 27.0 27.0 27.0 38.0 38.0

CKJ)· 2.5 2.5 - 6.0 6.0 12.0 J2.5 J2.5 ;2.5 z3.i) 18.0 18.0 33.0 18.0
low. 6.5 9.0 6.5 29.0 29.0 35.0 64.5 64.5 64.5 JI>'.O 85.0 85.0 142.0 11)).0

P.-ndv.ayat Foreat HA. (G) 4.0 4.0 4.0 15.0 15.0 15.0 33.0 33.0 33.0 54.0 40.0 40.0 11.0 50.0
(Fodder) (HA) - 2.5 2.5 8.0 8.0 8.0 J9.0 19.0 J9.0 27.0 27.0 27.0 38.0 38.0

(til) 2.5 2.5 - 6.0 6.0 12.0 12.5 12.5 12.5 20.0 17.0 17.0 28.5 17.0
TorAL 6.5 9.0 6.5 29.0 29.0 35.0 64.5 64.5 64.5 101.0 1ft. 0 1ft.0 137.5 105.0

PMlCNyat F.lreat HA. (G) - - - - - - - - - - 50.0 so.0 JOO.O uno
HardaYer tx\) - - - - - - :~~ - - - 100.0 100.0 70.0 76.0

CKJ) - - - - - - - - - so. 0 12.5 - 35.0
'IOrAL - - - - - - - - - - 200.0 J&2.5 170.0 211.0

Prepucicn of HiJn- RA. (G) - - - - - - - - - - 500.0 - - 140.0
~ Plan of O~) - - - - - - - - - - 100.0 75.0 - 50.0
hK:hayat Foreat- Oil) - - - - - - - - - - so. 0 12.5 - 25.0

TlJL\L - - - - - - - - - - 650.0 87.5 - 215.0

!ltablidJaent of HA. eG) 3.0 J.O J.O J.O J.O 3.0 4.0 4.0 ~.O ~.O ~.O 4.0 3.0 1.0
Pandlayat riJr-ery Oit\) 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
(o.OJ hectare) em) 2.0 2.0 - 2.0 3.0 3.0 2.0 2.0 2.0 1.0 1.0 1.0 1.0 1.~

TOfAL 7.0 8.0 6.0 7.0 8.0 8.0 8.0 8.0 8.0 7.0 7.0 7.0 6.0 iT
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TABlE 1-1
(Coot:11Il!d)

FtmST~: TAIQ:lS Am l\£XDIPLlS\~

....

FlSeAL 'lEAR 198G-Bl FISCAL~ 19BH2 FlSCAL lEAR 1982-83 FISCAL 1F.AR 1981~ FISCAL 1t"AR 19W.-8~

um/
1alVIl'Y urRl~ 'to m Nr. 'to "l"R Nr. TO 'IR N:£ TO 'IR iJX TO m

Eatllblilfm!nt of HA. (C} 245.0 - - 677.0 - - 1,1193.0 - - l,ooa.O - - 7so.0 2~0

Panchayat Pro- (H,\) 2so.0 500.0 - )93.0 301.3 1130.0 512.0 6OIl.0 607.35 500.0 400.0 ~00.0 500.0 200.0
tected Forut (0) 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

TOW. 695.0 7so.0 - 1,320. 0 551.3 681.9 2,305.0 1,054.0 1,097.35 1,693.0 500.0 6OQ.O 1,500.0 575.0

DBlarc:.ation HA. (e) 60.0 - - 135.0 135.0 58.5 220.0 232.0 136.0 JOS.o 100.0 uno 305.0 300-
(}1,\) 20.0 20.0 - 175.0 127.7 92.4 220.0 287.0 300.78 305.0 100.0 100.0 345.0 300.
(0) 20.0 20.0 - 115.0 85.3 82.3 linD 150.0 135.16 100.0 80.0 In.O 125.0 50.

TOrAL 120.0 40.0 - 345.0 348.0 233.2 540.0 669.0 579.94 710.0 280.0 230.0 815.0 £Iso.

Preparation of Hul- HA- (C) - - - 738.0 738.0 - 677.0 - - 1,000.0 l,ooa.O - 1.tXXlO 2so.0
~ Plan of (K\) - - - - -• - 500.0 677.0 191.64 615.0 615.0 362.26 540.0 2so.0
PancNyat Protected 00) - - - - - - - 500.0 500.0 500.0 250.0 300.0 311.5 193.0 250.0
Forut TOW. - - - 738.0 738.0 - 1,677.0 1,677.0 691.6lt !,D65.0 1.915.0 673.76 1,733.0 750.0

!qllemesltation of RA. (C) - - - 7.0 7.0 - 738.0 738.0 - 1,41S.0 soo.o - 255.0 2so.0
Plnchayat J'rotectecl (&) - - - - - - - 1,115.0 - soo.O soo.o - 615.0 soo.o
Foreat l&nI&eaerc QIJ) - - - - - - - - - 500.0 450.0 1150.0 2so. 0 2SIl.0
Plan TarA!. - - - 7.0 7.0 - 738.0 1,053.0 - 2,415.0 1,450.0 450.0 1,120.0 1,0000O

I' I I I P
I

I . 'II "f'll
I
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TABLE 1-1
(Coot inued)

FmEST twW»e«': TARa:lS lID JaI:tiPUSll~

.,
1.~ ••1 1.1 I 111II..1 I I. I.,.l I

,..S:)

:!
J

FISCAL lEAR 1980-81 FIECAL 'lEAR 19BI-82 I-1SCAL 'lEAR 19m-83 FISCAL 'IFAR 1983-Wf FISCAL 'tEAR 1984-85
lurr/

1alVl'IY ux:.mm TO TR NX TO TR NX TO 'l'R Nr. TO TR NX 'ro 1R

National Forest HA. (C) - - - 81.0 80.0 26.0 160.0 160.0 92.0 265.0 160.0 ISO. 0 320.0 250.
Pbntatioo (MA) - - - 100.0 20.57 18.0 200.0 200.0 200.0 320.0 100.0 100.0 325.0 200.

(0) - - - 20.0 20.0 IB.l 60.0 60.0 60.0 120.0 50.0 so. 0 160.0 90.
TUrAL - - - 200.0 J20.~7 . 62.1 420.0 420.0 352.0 705.0 310.0 310.0 BOS.O 540.

hplemcntatioo of HA. (G) - - - - - - 25,670.0 25.670.0 - 25,670.0 25,670.0 - 25,670.0 25.670.
Hanagl!:ll1tt Plan of (MA) - - - - - - - 26,895.0 - 26.895.0 26.895.0 - 26.895.0 26.895.
National Fore« (ttl) - - - - - - - - - 6,398.0 6,398.0 - 6,398.0 6,398.

TDrAL - - - - - - 25,670.0 52.565.0 - 5B,%3.0 Sa. 963.0 - 58,963.0 58.%3.

Establidment of HA- (C) 1.0 - - 1.0 1.0 1.0 - - - - - - - -
Central Ru'llety CMA) 1.0 - - 1.0 1.0 1.0 - - - - - - - -

_ 0tJ) 1.0 - - 1.0 "l.0 1.0 - - - - - - - -
TOW. 3.0 - - 3.0 3.0 3.0 - - - - - - - -

CamU'lity Seedli~ HA. (G) 11.4 5.0 5.0 38.6 38.6 63.2 63.2 2.692 ~.5 70.0 70.0 122.8 70.
Distrituioo (K\) - - - H.8 •H.8 25.0 25.0 25.0 35.7 25.0 25.0 49.1 so.

CK;} 2.0 2.0 - 6.7 6.7 8.8 8.8 8.E 10.5 6.0 6.0 13.7 2.
1'OrAL 13.4 7.0 5.0 57.1 57.1 97.0 97.0 36.492 140. 7 101.0 101.0 185.b 122.1

-
EaublilibDer£ of HA. (G) - - . - - - - - - - - 5.0 5.0 4.0 4.0
Satellite NUrsery (K\) - - - - - - - - - - 5.0 5.0 6.0 6.0

(KJ) - - - - - - - - - - 5.0 5.0 4.0 4.0
TUrAL - - - - - - - - - - 15.0 15.0 14.0 1£.0

" " ' " I "' "1 I I ':' II
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TABlE I-I
(Cordnued)

FcmsT H\lW»fM: TAJQJS All) NInnU9t1£NlS

~. ~~ UAR 1980-81 FISCAL 'YFAR 1981-82 FISCAL YF,A,1 1982-83 FISCAL 'JFAR 19B3-Br. FISCAL EU 1984-85
mal

ACnVlTY UX'.ItrilJi 10 'I1l NX 10 1'R NX 10 1'R NX TO 1'R Nr. TO TI

Preparation of HA. (G) - - - - - - 25,670.0 25,670.0 - . 25,670.0 25,670.0 25,670.0 - -
HadDnal FDreat <H,\) - - - - 26,895.0 - 26.895.0 26.895.0 26,8~.0 - - - - -
Hanapme:nt Plao (0) -. - - - - - 6,398.0 6,398.0 6,398.0 - - - - -

'I(JW. - .- - - 26,895.0 - 58,963.0 58,963.0 33,293.0 25,670.0 25,670.0 25,670.0 - -
Specie. ad PrDYeQ- HA. (G) - - - 10.0 10.0 10.0 15.0 15.0 15.0 20.0 - - 20.0 20.0
.-cy Trial Plata <H.\) - - - 10.0 10.0 10.0 15.0 15.0 15.0 20.0 - - :0.0 20.0
(plat .ize - 0.2 (}II) - - - 10.0 II\.D 10.0 15.0 15.0 15.0 20.0 - - 20.0 20.0
hectce) 'IOrAL - - - 30.0 30.0 30.0 45.0 45.0 45.0 60.0 - - 60.0 60.0

FIDDdplain Plan- HA. (G) - - - 40.0 40.0 3'2.0 40.0 10.0 10.0 40.0 - - 40.0 -
tatioa (w.) - - - - - - - - - - - - - -

(}II)
.

Jo.O !- - - - - - - - - - - - -
'I(JW. - - - 40.0 40.0 3'2.0 40.0 10.0 10.0 40.0 - - 40.0 10.0 I

~
1'0 - origYwl target
'I1l - reviRd taq;et
Ia: • final 1CCilq)1i~
G • GorIN
Ha • Hayaydi
... -H.JItq

II"•• • I

-\

I I I .. .
II
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Fifteen percent of its land is arable. Hyagdi has a high profile and has
costs generally higher than those in Gorkha because it is criss-croased 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 1-1 was initially begun by
either the district forest conservator from the Department of Forestry or
the catchment conservation officer from the Department of Soil Conservation
and Watershed Management, each in cons~ltation 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 Na,tional 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 II. The Department of Fores ry and the Department of Soil
Conservat ion and ~latershed Management, in conjunction with the Nat ional
Planning Council, make subsequent annual adjustments in the targets by com
paring old targets with past accomplishments and new budgets. (This is a
p'rocess not dissimilar to the budget process of U.S. public land management
agencies.) The accomplishments recorded in Table I-I 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 1-2 puts current land use and eventual targets in each of the
three pol it: ical districts in further perspect ive.Clearly Mustang has the
poorest land when compared with Gorkha and Myagdi. Comparison of Table 1-1
with Table I-2 suggests that reported progress' toward 15 year goals varies
considerably. For example, Table I-I 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. In
contrast, Table I-I shows 1,066 hectares .of panchayat protected forest in
Mustang. This is approximately one-third of the Table 1-2 projectio~ of an
eventual 32 square kilometers or 3,200 hectares.

3. Case Study: One Hectare Panchayat Fores~

Panchayat forest s are converted from publicly owned former forest land
and eroding pasture land. These lands are unforested and have only minimal
use as poor quality commons ~razing land use before conversion to forest
plantations, half of whose Objective is fuelwood and the other half fodder •

. Both outputs are expt!cted to be consumed by members of the local panchayat
themselves. Therefor~. this discussion of panchayat 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

.._------ .. --".'-" -·r,.--..;...----
i
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TABLE 1-2

PRES ENT AND 15 YEAR PROJECTED LAND AREA IN l(M2

EVENTUAL TARGETS GORRHA MYAGDI MUSTANG

Cultivated Land (private) 308-290 143-135 39-38

Improved Pastures (private) 0-0 0-8 O~O

Pasture 135-69 286-229 549-514

Panchayat Forests 0-29 0-16 0-11

Panchayat Protected Forests 0-72 0-32 0-20

Nationai Forests 328-257 301-269 84-64
..

National Plantation 0-37 0-40 0-24

Snow, Rocks, etc. 24-24 214-214 894-894

Source: APROSC, 1979, v. II.

•

i

..
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hectares in Gorkha, 155 in the combination of Myagdi and Mustang, see Table
1-1). ,,"'e subsequrantly comment on panchayat forests in Myagdi and Mustang,
focusing on their differences from those in Gorkha.

a) Fuelwood Plantation

Table 1-3 summarizes the standard panchayat forest fue1wood planta
tion costs. General reference is to DOF contract specification costs by
timber management activities. These CQsts are an upper limit to the ex
tent that winning contracts may be bid lower than these specifications.
Table 1-3 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 RCGP benefit-cost analysis. That is, unskilled
labor costs NR 12 per man-day in Gorkha. Since there is 56% 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.
Th'roughout the RCUP benefit-cost analysis we corrected by assuming a NR
6 per man-day off-peak shadow price of 1abor.

There are five classes of timber management 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 in the
appendix to this chapter. The DOF specification is for 2,500 seedlings
per hectare of which we assume 10% die in handling.. We also assume 30%
die in the ground during the first year and need replacement thereafter.
The third clas~ nf timber management activities includes all silvicul
tural operatio.';;;· that is, all activities designed to insure stand
establishment. \'·'·}.f include clearing the land, marking the sites for
planting, diggL:(.; ~j~r.:J for the seedlings, and making fire lanes. This
collection of ".cti..,ities is often known as site preparation. Pi~ting

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 ~an9portion of seedlings from the
nursery, as well as planting and then replanting in the second year
where 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 expe~t 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 shouid be some question as to
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TABIE I-3

PARHAW FOREST Ftm'OCD PLANrATION a:BTS: CDRHfA1/

CIS'IS IN m DlSllXJNrED

SENiOOl!
N:MINAL 9tAJ)'A,'

M:rIvrrY HAN-DAY,HA YEAI5 I.ABCR I.AOOl\. CAPlTAL TOrAL

Survey (Demarcation) 7 off 1 8!t 42 - 42

Seedlings3! <2,500 + 10%)! - peak 1 - - 1,182 1,182
ha 30% Replacenent - peak 2 - - 323 323

Silvicultural Operations - - - - - - 1,872
Site Clearing 7 off 1 84 42 - -
Site Marking 5 off 1 60 30 - -
Site Pitting (1 ft3/) 62 off 1 754 377 - -
Fire Lanes 5 off 1 60 30 - -
Transporting Seedlings 30 peak 1 360 360 - -
Plant~ 35 peak , 1 420 420 - -
Beating ~ (3O%) 30 peak 2 327 32.7 - -
Weeding 25 uff . 1,2 572 286 - -

Ferdng4! - off 1 2,700 1,350 1,300 2,650

Maintainence {GJard)51 365 all all 2,691 1,682 - 1,682

Managenent Plans - - - - - - -

TorAL (social cost) 7,751

1/ Sources unless' otherwise specified: mG, Ministry of Forestry and Soil Conservation (tofSC) undated.
Stardard Normll for Rate Analysis. Kathmardu am WC's T.B. Prajapati ard 1(. lltatterai.

2/ Refers to, peak or off-peak seasons for agricultural esrploynent, the alternative ~loyne~ for these ldxll'
·31 Discussed in Appendix (WSC calculates at NR. .31/seedling. We calculate at NR .43/seedling).
41 Estimated by D. Upadhya, !PC and M. Wagley, CXD, G>rlcha: stone; NR 6,400/100 rumirg uei:ers and

barbed wire; m. 4,900 to NR 7, fXXJ!lOO running neters. •
51 SaIe source as footnote 4. Calculated at one guard per 10 ha Eq')loyed 365 days per year at a finan

cial wage of NR 12 per day. Three Il'Cllths of the year are peak season.
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whether fen.cing is even necessary. Nevertheless. most exir.ting 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 ualls. One-third of the cost of erecting barbed-wire fences
is labor; all of the cost of erect ing stone fences is labor. Mainte
nance. like fencing. is a protection-oriented activity. That is. the
only maintenance that is done on pa~chayat forests is protection agai~st

trespass. Therefore. standard maintenance means the hiring of a guard
to keep alit both fuelwood harvesters and foraging livestock. In most
vi llages. local social pressures are sufficient to minimize unplanned
fuelwood ,::utting. Management plans themselves are the final class of
timber management activity. For uncertain reasons (to us). the general
design of Reup 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 plans
are necessary 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 (1919, v. 2, p. 168) anticipates NR 20 per
hectare for national forests and NR 25 per hectare for panchayat protec
ted forests. In contrast with these estimates, faculty from the Insti
tute of Renewable Natural Resources charge NR 50-55 per hect.ar~ for pre
paring forest management plans.

The discounted sum of the costs of estab I i.shing a fuelwood planta
tion in Gorkha are NR 7,151. interesting comparison can be made between
thl!se costs and those estimated by the World Bank for similar projects
in Nepal. . The "'arId Bank data are not strictly comparable because some
of their estimates are project-wide while ochers are for one hectare
"standard" panchayat forests (Prichard I!t al.. 1980. p. 16 and Annex 7.
Table 3). World Bank stand establishmint costs are NR 894' and compare
with our NR 1.872 (Table I-3). The difference· li.es 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 small fee for
tools and water. The Bank includes payment for trained technicians.
Le., the DFe and ceo. (We include no wage fcrl trained technicians on
grounds that they arc already employed· regardLess of the ReUp supported
plantations. Their employment statu. does not change with the addition
of a panchayat forest.) Furthermore. the Bal1k projects employment of
forest guards at ll~ss than full-time while we project full-time employ-

f

ment of guards.

This emphasis (In labor cost differences suggests that we might con
sider the potent ia 1 for cost savings in future Reup panchayat forest
establishment. In particular. we might inquire· into the possibilities
of reducing the ferlcing requirement, decreasing the transport ion costs
associated with seedlings. and decreasing the amount of repeat planting.
Each of these is a Aabor intensive operation. Furthermore, this insight
into the significanl:e of lahar costs provides several interesting sug
gest ions for the eVI!ntual research component to the RCUP project. It

I
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suggests cost savings 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 st rong inst itut ions, that is st rong local panchayat govern
meots, 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 prQbably dif
ficult.It requires local insight. Perhaps Peace: Corps Volunteers,
District Forest Conservators, and Catchment Con~ervation Officers can be
helpful here.

(l) Benefits

The benefits of panchayat forest fuelwood plantations include
those from ant icipated fuelwood production as wflll 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. 1:0 these benefits we
subtract either the annual land rental value or .this value corrected
for' any improvement in land quality due to 10l:al erosion control.
The benefits of each of these items are equal to theh price per
unit times their unit yields.

Fuelwood species and anticipated yields vary. Species include:
ficus spp. (which is most ly used for fodder), pinus roxburghii (chiI'
pine), leucinia (mostly fodder, an exotic) bauhinias spp. and melia
(bakaino). Yield tables of the sort which we must depend upon gen
eralLy overest imate 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 init ial plant ing and the
final harvest dates. On the other hand, the c'pportunity for using
exot ic specie~ which' produce greater yields may compensate for this
overestimation problem. The only real sourc,e of improved yield
estimates is, however, time and considerably mOIre extensive sampling
of existing stands~

Against this background of' uncertainty in yield estimation we
mighte1:amine the scattered .evidenceon yields which has been pre
viously collected in other studies. APROSC (1979, Annex E, App. IS,
p. 210) projects 95 metric tons per hectare or approximately 137
cubic meters per hectare in a 20 Yf!ar rotat ion for the two lower
elevation districts (Gorkha and Myagdi). ~he Rill Community Fores~

try Project estimates 72 metric tons per hectare at age 10 for plan
tat ions (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 fol Lows: "

.;

Yield in metric tons per hectare
(Age' 9) (Age 10)Stand Type

b::oadleaf
mixed
conifer (chir pine)

21.3
17.7
26.0

23.7
19.7
28.9
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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
chiI' 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 aRsumed an indigenous spe
cies and estimated 30 to 70 metric tons per hectare for 10 yeat~

rotations in the lower elevation districts. An even greater ~dnge

may be possible although our personal judgement is that 70 metric
tons is probably too high in the hill country of Nepal. t\'e 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 cm) 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 price.
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 r.ange 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, pel's. comm.) Table
1-4 surveys additional evidence for fuelwood prices (as well as
prices of other products from fuelwood plantations). The sources in
the Table 1-4 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 ~in

trails and, furthermore, that baris are gett ing smaller explain a
preference for higher expected fu&lwood 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 forest ry 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 prices 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.

.~'

.1_
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Fuelwood Price

Leaf Fodder Price

GraSs Price

Ti.n:ber Price

Lam Price
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TABlE I-'fA

m VARIABlES: PRIem IN· NIl

VALVE

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

iii) as. 520fMJ ~ 19.26/25 kg.
(Shadow Price)

iv) as. 10/30 kg. ~ 8.33/25 kg.
v) Rs. 10/25 kg. .
vi) as. 148M~ 5. 28/25 kg.
vii)

i) Rs. 5. n/25 kg.
il) Rs. 27.75/torr ~0.69/25 kg.

(Shadow Price)
iii) as. 3.0/25 kg.
iv) as. 22. 5/torr ~O. 56/25 kg.

i) as. 5.15/25 kg.
ii) Rs. 13. 3/Ml' ~ 0.33/25 kg.

(Shadow Price)
iii) as. 3/25 kg ... O. 56/25 kg.
iv)

i) as: 211. 86M3 ~ Rs. 6/ft3
ii) Rs. 8.0/ft3 ~ 282.5Qwf3
iii) Rs. 11. 0/ft3 =) Rs. 388.50
iv) Rs. 284.09M3

i) 700
ii) 600
iii) 675

Use 700 kg.IM3

i) Pasture Rs. 2,OOO/;op
Bari Rs. 4. -6000/rop
l<het Rs. 6-12,OOO/rop

ii) Rs. 2,OOO/rop
iii) Rs. 2, rxxJ/rop fo'r bad lam

, .,

SOURCE

Campbell and Bhattarai 1983
Ecoooni.c Survey, 100 Ministry
of Finan:e, 1983/84

World Bank 1980

AmEC
Fox.
World Bank 1983

Campbell and Bhattarai 1983
World Bank 1980

AmEC, 1979
Wor.ld Bank Terai Project 1983

CaI¢ell and Bhattari 1983
World Bank 1980

World Bank Terai Project 1983

AmEC, 1979
Y. R. Sharma.
K. Kanel's Estimate
Leuschner

AmEC
Fox. "
Leuschner

Car¢ell's Informal Survey
as qooted by Ialschner

SEJ:ID 1979
Gorkha Lam Registratio.n
Average Price '

.' I •

"
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tABJ.E 1-48

mY' VARI..ABUS: YI.I!UG

•

VARIABIE

Fuelwood
a. Panchayat Forest

(Fuel~)

b. Panchayat Protected
Forests

c. National Forests

VAI.lJE

i) 9SMl'Ma. age 20, 25 ~
MAl 20 ~6. 7&f3Aia.,
MAl 25 O+5.4WAia•

ii) ~3Aia. at Year 14 plus
16CM3Aia. at Year 16 -> 10. 31M3!
Yr.Ata. (MAl)

iii) 1MMa. Yr. 20 am 25
MAl 20 +5.2IM3Ata.
MAI 25 ~4.17M3Ata.

iv) 2I (M3Ata. ~ 5.2~Aia./Yr.

Excludes 1M3/Yr. Ala. of poles
am saw10g .

v) Age 5, 20 Ml',Ha.•28. 57M3Ata.
Age 11-36, 8 Ml',Ha./Yr.... 11.4loP!
Ra.

i) Year 1-16 ~ 1. 6M3Ata.
Year 17-30 ~ 5. CM3Ai'a.

ii) O.lotJ (greater than O.2Hl'/ha)
iii) 3.24M3Ata. after year 4 (lower

region)
2.47~3Ata. after year 4 (upper
(region)

i) 3.2LtM3Ata. after year 4 (lower
region)
2.47~3Ata. after year 4 (upper
region)

SOORCE

Am:SC 1979 Appeooix

"'odd Bank 1980 (pp. 43)

, Am:SC 1979

World Bank 1983

Hill Developaent Forestry
Project

.:'

-
World Bank 1980

Applegale guess
APOCSC

Volme include tinber am '-,

fuelWXld - Am:EC

Vo1tm! include ti.uber ard
fue1~ - Am:SC

World Bank 1983 Terai
Rill Forestry DevelO!XR!nt
Project

_ I

wf Fodder
a. Plantation

.. ..

i} 2S kg. !rree-Yr. 6-9 for lower
region

ii) SO kg.!rree-Yr. ,.above 10 for lower
region
2S kg.!rree-Yr. 9-14 for upper
region
50 kg. !rree-Yr. 15 for upper region .. I

iii) Year 5, 5Ml'Ma.. World Bank 1980, Private
Year 6, 1~,Ha. P1anti~:

Y~r 7, 300f,t~

Year 8-30, 6ooMa./Yr.
iv) 4 to 6HrMa•
v) Age 1-5, 2Mr,Ha./Yr.

Age 6-36, 5.00/da./Yr.
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TABLE 1-4B
(o,ntinued)

KEY VARIABUS:, YIEUB
., ~, .

, IVARIABLE VAIlJE SOORCE

b. Panchayat ,Protected i) at age 5, O.6Mr,tla. ~'orld Bank 1980 Table 3,
Forests age 6, 1. 9Mr,tla.

age 7, 3.&!r,tla.
age 8-30, 7.SMr,tla. ,

c. National Forest i) age 1-5: 1.4 Mr,tla Rill FOJ:'est Developaent
Improverenc 6-10: 1.6 Mr,tla. Project

11-15: 3.7 Mr,tla.
15-30: 3.3 Mr,tla.

Grass -Without Plantation i) M,tIa. APOCSC 1979
ii) ilMr,tla. t\'orld Bank 1980
iii) 2Mr,tla. G. Canpbell

.'
iv) 2Mr,tla• RaJbjaRiari
v) ~,tIa t\'orld Barit 1983 (terai)

- With Plantation i) 500 kg. /&,tia. /Yr. for Year 1-3 APln)C, IOJP
(250 kg./&,tIa./Yr. for upper
region)

ii) ilMr,tla./Yr. for Year 1-5 World Bank 1980 pp. 43
2.5 Mr,tla./Yr. Tw Year 6-10
1.0 Mr/da./Yr. Tw Year 11-16

: "

,

•.
1

•
:

r
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'. ~, ~,;
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 " basic necessity.

Let us, nevertheless, consider further the potential for ..
price effect. The RCUP objective is to establish 125 hectares of
panchayat forest per local panchayai:. One-half of these would be
for fuelwood. l\'ith 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 th'e range of four to
five thousand people and each person burns .6'to ~7 metric tons an
nually, then the entire Fopulation burns twenty-four to thirty- five
hundred metric tons per panchayat per year. At this rate, 125 acres
of panchnyat forest would add 7.5 to 8% to annual fuelwood consump
tion (Levenson, 197~). We might hypothesize that this 7.5 to 8% in
crease is insufficient to effect price substantially, 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.

.. ,-

,

"

Finally, let us consider the forage, erosion control and final
land values. Without panchayat forests this same land would be poor
pasture land producing perhaps three metric tons of forage per hec
tare per year. With the protection from uncontrolled grazing of
domest ic livestock provided by panchayat forests there may even be
an increase in forage production during the first' five years of the
timber r,otation.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 highe~ quality. That'is, it will ~old water better after forest
establishment and, therefore, may continue to grow some forage.
Nevertheless, we make the conservat ive assumpt ion of no change in
forage product ion during the first five year period' and a loss of
one metric ton per hectare per year from what would have occurred in
,~.he . second five years of the fuelwood rotation. If the price of

r ,:fodder is NR 5.15 per kilogram (see Table 1-4) and one person car-
'des four baris or 100 kilcgrams 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 five years yields a forgone discounted revenue of NR
344~: "

,~ ,

, ..
, {: "'.'

, .I 'j' .. , :- .• ' t:: :
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The decrease in soil erosion includes a previously unaccounted
for decrease in downstream soil 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 present value of NR 88 for the
discounted value of the perpetual time stream (APROSC, 1979, App. L,
Table 4, p. 49).

To obtain the land value, we compared the current 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 .1 o~ NR 1,460. The final value (from Table
I -4)' for Llle good pasture land that would remain after one forest
rotation is equal to NR 2,000 per ropani or NR 40,000 per hectare.
Discounted at 10% 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 plant at ion is the discounted sum of the price times the
yield for both fuelwood and forage outputs minus the sum of their
discounted cost s, plus the erosion control and land ,value differ
ences, also properly discounted. Table I-5 summarizes these costs
and benefits for plantat ions 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
quest ions may exist about a cost or a range may exist in our est i
mates for either benefits or costs, then Table I-5 displays both'
high and low values. .Table 1-5 also displays benefit-cost ratios,
subject to these variations in value estimates, which summarize our
judgment' of the effect of RCUP' s panchayat forest fuelwood planta
t ion effort in Gorkha.,' ..

'f • " " .'

Theconc'lusions to be derived from these benefit-cost ratios
are '"generally favorable •. Indeed, if we shadow value unskilled wages
during the nine months per j'e,,1: wtten there is approximately 50%
unemployment or underemployment, then only .the'extreme cases fail t~

pr.oduce a satisfying social benefit-c,?st 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 justifiable
enterprises in Gorkha. /

Under a conservative future estimate scenario we might antici
pate that strong local institutions prevent trespass thereby
r,emoving 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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TABU!: 1-5

<DOOA
PARHAm FCIUm' ~'OOD PIAN1'ATION mlFrIS AND Cll3'!S

(IN DISCXXJNrED ~)

SENirrIVlTY FACl'CRi

, '

. i
I

.' 0'

0E1S FINAN;IAL SCC!AL- -
(1) TI-3 Base Case 1l,686 7,751
(2) \\'ithout Fencing 7,686 i 5,101
(3) Reduce to 160-180 Man-daysAta 10,262 6,887
(4) Reduce to 170 Man-days,fl.a ~'itoout Fencing 6,262 4,237

BENEFITS 0

J.D,~ RI<H- -
(1) Fuel~

a. Price 6/25 kg. 19/25 kg.
b. QJantity 30 MrAta 70 MrAia
c. Total Fuelwood Reveroe 2,776 20,510 '\

(2) Forage -344 , 0
(3) Erosion Control 88 88
(4) Land Value 6,260 13.960

TOl'AL BENEFITS 8,780 34.558

'FINAN:IAL SOCIAL
BEle'rr/Cll3T lW."IO J.LW RI<H LGT\Uat- - - -

(1) Base Case .75 2.96 1.13 4.46
(2) Conservative Future Estimate: 1.7 2.6

Cost Case (4), Fuelwood Yield 3.5 MrAta,
Fuel~ Price NR lS/bari ani Lmd Value
m 3,000: total benefits, m. 10,839

•. ' ..
" ,

, c

I,
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cost estimate (1), not cost estimate (4) or its associated and
recommended wiser choice of atrong 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
siderably in excess of 1.0 - i.e., 1.7 for the financial and 2.6 for
the social benefit -cost ratio. PanchayaL. 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 laboi cost and institutional crit~ria ~~ntioncd

above.

(3) Panchayat Forest Fuelwood Plantations in Myagdi and Mustang

Tables 1-6 and 1-7 summarize the fuelwood plantation costl! for
Myagdi and Mustang, respectively. They compare with Table 1-3 for
Gorkha. Tables 1-8 and 1-9 summarize the benefits and costs associ
ated with Myagdi and Mustang fuelwood plantations, respectively.
They· compare with Table 1-5 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. ThClt 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 fro~ 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 ma1 be moderat ly 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 agricultur~l value. Nevertheless, our em-.
pirical observat ions suggest that a range in land values of NR
15, 000-30, 000 per hectare of good pasture land may be reasonable.
(This range actually overlaps that for Gorkha.) Good pastureland
identifies the improved condition of the panchayat forests if they
were to be converted 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.

. j
, ,
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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

:-\'

NR20-30 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.' Thu 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 yi.elds' 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, approximntely one
seedling per every 2.5 square meters. This greater spse i ,J implies
a decrease in yield by five metric tons per hectare in Myagdi. The
even greater dryness occurring as we increase elevation to Mustang
suggests 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 recormnended by APROSC because' that
matchee the preferences of the local fuelwood consuming public.·~ :-.:

~ ,. , .

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. Th~ 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, is 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 1-6
with Table I-3). The greater spacing is not enough to offset
Mustang wages which are higher yet. (Compare costs of silvt
cultural operations in Table 1-7 with those in Table I-3.)

The net effects can be seen by comparing the benefit-cost
ratios at the bottoms of Tables' 1-8 for Myagdi and I-9 for Mustang.
The Myagdi results are quite compoarable 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 ~
reduction in fencing is advisable and that, where the village
panchayats are strong enough to enforce panchayat forest pr~tection,
then the social gain from panchayat forests in MYagdi may be in the
neighborhood of NR 2·-4 for every NR 1 invested. Expanding targets
for Myagdi's plantations could be a good idea.

,
~
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'tABlE 1-6

a:B'IS IN m DIS axJNl'ED

tolI.NAL ~
ACl'IVlTY MAN-DAYMA SOOON YF..AR:i J..AOOR LAOOR CAPl'l'AL TorAL

Survey (Demarcation) 7 off 1 112 56 - 56
, '

Seedlings (2,500 + 10%)/ha - peak 1 1,496 1,:03 1,003 1,003
30% Replaceuent - peak 2 . 400 273 273 273, I

Silvicultural Operations - off - - - - 1,620
Site Clearing 5 off 1 . 80 40 - -

0'

Site Marking 3 off 1 48 24 - -
Site Pitting (1 ft) 40 off 1 640 ' 320 - -
Fire Lanes 4 off 1 64 32 - -
Transporting Seedlings 19 peak 1 30!. 309 - -
Planting 22 peak 1 352 352 - -
Beating Up (30%) 19 ,peak 1 3~ 3~ - -
Weeding 16,16 off 1,2 . 489 244 - -

Fencingl/ - off 1 3,500 1,750 - 1,750

Maintainence (QJard) 365 all all 2,588 2,243 - 2,243

Managerent Plans - - - - - - -

TorAL (social cost) ., 10,385 6,945

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

r.

, : .

. "



=

-'

-25-

TABLE I-7

.' a:5'l'S IN fIR DIS<nJNI'ED

• I' ' '" ... ,. ..
N:MINAL SltAIll.'

ACtIVITY MAN-DAYAIA SF}SCN mR) I.AOOR ' LAlDt CAPlTAL TorAL

Survey (Demarcation) 7 off 1 154 n - 77

Seedli~s (2,500 + 10%)/ha - peak 1 2,073 1,003 I J.,003 1,003
30% Replacerrent - peak 2 565 273 '. 273 ' 273

Silvicultural Operations - off - - . - )1 - 2,223
Site Cleari~ .5 off 1 110 50 . - - -
Site Marki~ 3 off 1 66 33 - -
Site Pitting (l ft) 40 off 1 880 -440. ! - -, .
Fire Lanes 4 off 1 88 44 - -
Transporting Seedlings 19 peak 1 418 418 - -
Planti~ 22 peak 1 486 484 .- ;

_.
Beati~ Up (30%) 19 peak 1 418 418

..- -
Weedi~ 16,16 off 1,2 672 336 ,- -

"

Fencing11 - '. off 1 4,000 1,500 1,000 . 2,500

, .'
MaintainetW:e (GJard) 365 all all 4,333 2,915 - .2,915

.~.. ". !

Managenent Plans - - - - - - -" .

TorAL (social cost) 14,261 8,991

11 Fenei~ cost: stone walls m 46!m
barbed wire NR 381m
aver. price: NR 42/m

../

r
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TABI.! I-8

P!WQJI
PAtlHAYJa FmEST FtJEU.lcm PLANrATION BENEF'rm AND aB'lS

(IN DISCWNI'ED ~A) I

• SOOmvtTY FACr<m : I ESTIMATES

cx:G'IS FINARrrAL Srx::r.AL- -
(1) TI-6 Base Case 10,385 6,945
(2) Without Fer¥:ing 6,885 5,195
(3) Reduce to 90-110 Man-daysMa 9,343 6,229
(4) Reduce to 100 Man-daysMa v.'ithout Fencing 5,843 4,479
(5) Case (4) But Reduce Seedling Costs By 25% 5,367 4,160
(6) Protection Only, (Natural Regeneration),

Without Plantation, ~ Fencing 2,700 I 2,299

BENfYrm I.(}l HICH- -
(1) Fuel~

a. Price 6/25 kg. 19/25 kg.
b. QJantity , 25 Ml'Afa 65 Ml'Ma

-:: c. Total Fuel""OCld Reverue 2,314 19,045
(2) Forage . -297 0
(3) Erosion Control B8 88
(4) Lard Value 3,263 10,306

'l'Ol'AL BENEFrm 5,368 29,439

BENFrrlam: RATIO

(1) Base Case
(2) Conservative Future Estimate:

Cost Case (4), Reduce Lml Value to m
2,500, Fuelwood Yield 30 Ml'Ma, Fuel
wood Price NIl lS/bari: total benefits,
Nt 9,320"

.' ,0'

•52 2.83
1.7l

•

SCCIAL
~ RICH

.77 . 4.24
2.22
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TABLE 1-9

miTAN:;

PMlHAm FaUm FtElI\'OOD PLANrATlON ttm&'rIS AND c:rsTS
I' i • ".}_ .,;' ;') .; ~ . em DISroJNl'ED NR,RA)

--I("

•
.... f,' : f'"

..
ESTIM1U'E'3

" :.1,

- -
FINm:L\L .Scx.'IAL--- -

14,261 8,99l
10,261 6,491
12,824 8,124
8,824 5,624

4,487 2,992 .
r' .,

I.J::M RIot .- ,,-
I • ~

14/25 kg. ,24/2S'kg.
25 ~A:la '15 MrAta
4,055 18,075 .

..
-344 0

•• I ~

88 '88
..

1,501 5,846

5,300 24,009

I •

I. j

• l

SEmlTIVlTY FAClUS
•• j

(1) TI-7 Bnse Case
(2) Without Fencing
(3) Reduce to 90-110 Man-daysAta
(4) Reduce to 100 Man-days,Ra Without Fencing
(5) Protection Only, (Natural Regeneration)

Without Plantation, N:l Fencing

(1) Fuelwod •
a. Price
b. QJanti,:y
c. Total Fuelwood Revenue

(2) Forage ..
(3)· Erosion OJntrol
(4) Land Value

;::.===============::-..:.:'==='=:;::::'--=====----.. :.---- ---
I--------,------~---+---

, BFlfi'rr/CXET lW'IO
• ." .j ~ " .' •

.'

(1) Base Case .• I ..

(2) Conservative Future Estimste:' , .
Cost Case (4),' Fuelwcod Yields '30 Mr,Ra,
Fuel~ Price NR 19/OOri am oc:h;!r
benefiu' of IIJW estimates: total
benefit.:· Ml 9 349. \' . .;

., ...~.,~,-: .._~ ,,':~~d .... ,,'.. ~

.37 1.68
1.00

.59 2.67
1.57

r: .

.' .-
'.

. ~11.. ~ •

,I :'. ..
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Muatang is different, however. Panchayat forest establishment
may be a Gocially beneficial investment in Mustang, but the range of
our benefit -cost rat io atarts lower and does not extend as high.
Apparent ly the higher labor cost and 10Her y:i.elds IOOre 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 locat ion for Mustang's forests is more
important than choice of locat ion 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
,~

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 plan/: a
tions, like the land for panchayat forest fuelwood plantations, origi
nates from most ly public ly-owned former for~st land and eroding pasture
land. The intent ion is to convert this most ly 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 f~dd~r 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 pJ.anted approximately 2,500. per
hectare in Gorkha. This is approximatley the same as for fuelwood plan-:
t at ions and is too great if fodder is the intended product. Fodder
trees should ~e 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 s\')acing not only should increase
fodder yi~ld but also should decrease I 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. (Most 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 1-10. the Myagdi and Mustang costs are reviewed in Table I-l1. . .

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 0 ·1('

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: Rill 'Forest, p. 50 and APROSC. Annex E, p. 39

Panchayat forest fodder plantations 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. t\'e assume these two
.impacts balance each other out in the second five years .of the fodder
plantation. Subsequent to the tenth year, the impact of shading domi-
nates and there is a further decrease in grass or forage production per
hectare. We assume that b~tween year 10 and year 30 the graEs 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 greate~

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-:
chayac forest fuelwood plant at ions 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 t-4. The World Bank price is low because it is derived from milk
prices which wert! unusually low at the time of the estimate.) If the
average person can, carry eight loads pet'! day to the market and his/her
shadow wage is NR 6 per day then this converts into a fodder price at
the site of NR 5 per 25 kilo~ram load.
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TABIE I-I0

aE'l'S IN Nt DISa:xJNl'ED

N:lfINAL S:WXX\'
N:IT.V!TY MAN-DAY,RA S~ON YEAR) IABOR lABOR CAPrl'AL TorAL'

Survey (Demarcation) 7 off 1 &. 42 - 42

Seedlings (2, 500 + 10%)/ha - - 1 - - 1,182 1,182
30% Replacemmt - - 2 - - 0323 323

Silvicultural Operations - - 1 - - - - 1,87.2
Site Clearing 7 off 1 &. 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 30 peak 1 360 360 - -
Planting 35 peak 1 420 420 - -
Beating Up (30%) 30 peak 1 327 327 0' - -
Weeding 25 off 1,2 572 286 - -

Fe~ing - off 1 2,700 1,350 1,300 2,650

Maintainence (Qlard) 365 all al~ 2,691 1,682 - 1,682
,

Managemmt Plans - - - - - - -
-

TotAL (social cost) 7,751

•

. .. .

o I

:.
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TABIE I-11

PANJIAW FOOEST FOO~ PU\Nl'KrION aBn;: MYAGIJI AND MtBT/ING

aE'lS IN m DIS CXXJNl'ED

N:MINAL ffiAOOo.'
ACrIVlTY MAN-Jlb.Y,RA SE'}SON YFAR3 lABOR l.AOOR CA?I:rAL TOrAL

rvey (Demar.cation) 7 off 1 '112-140 57-70 - 57-70

edlings (2,500 + lQ%)/ha - - 1 - - 351 351
0% Replacement - - 2 - - 127 323,

lvicultural Operations - - - - - - 863-1, C66
Site Clearing 7 off 1 112~140 , 57-70 - -
3ite Marking 4 off 1 64-80 32-40 - -
~ite Pitting (1 fe) 20 off 1 ' 324-405,-~ 162-203 - -
fire Lanes 5 off 1 64-80 32-40 - -
rransporting Seedlings 9 peak 1 144-180 144-180 ' - -
Plant~ 11 peak 1 176-220 176-220 - -
tie-ating Up (30%) 12 peak 1 174-218 ' 174-218 : :- -
\'eeding 5 off 1,2 152-190 76-95 ,: '- -, ,. :

dng - off' 1 3,600-4,500 1,800-2,250 - 3,100-3,550
1,'

'.ntainence (GJard) 365 all all 3, 588-4,485 1,794-2,243 1,300 1,794-2,243

-~t:lrenl: Plans - - - - - - -

:AL (social cost) 6,292-7,007

.' " .

, .

. !

•

" ,
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We have no firsthand informat ion for making adjustment s 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 1-11 reports our costs estimates for pan
chayat forest fodder plantations in Myagdi and Mustang.

In summary, the henefit-cost analysis for panchayat forest fodder
plantations is strongly favorable in all thre2 districts. There is
1itt le 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
extended at both the high and the low e'nds relar: ive to its range in
Gorkha. The consez:vative 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 been unnecessarily high due to
excessive planting in each hectare and yet the benefit-ccst ratio is
still high. Reducing the excessive planting 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 plantatio~s.

4. Summary, Conclusions and Implications ~o Future Targets

Panchayac' forest establishment is a generally socially wise investment,
whether for fuelwood or for fodder. The benpfit-cost analysis of both fuel
wood and fodder plantations suggest that previously.established plantation~

have been generdly ~dl chosen and that expansion of future targets for
these plantations is probably a good idea in all three dis,tricts -- parti-

.' .. ,cularly if ta.rgets can be expanded in areas near the larger villages and
trails,l or where final product prices are high and transportation costs can
be minimized. There is, nevertheless, some uncertainty in our predictions



TABlE 1-12

PAmlAYAT FOREST FOlDER PlANfATION Eafi'ITS AND <IE'IS

ESTIMATES

mRlBA MYArnI KB~

FINMl:IAL SOCIAL FINMI:IAL SOCIAL FINMI:IAL SOCIAL-
II. 688 7.751 11.788 6.292 12.416 7.OCJ7
7.686 5.101 5.388 - 3.192 6.616 3.857

10.262 6.887 " 9.946 6.069 II.988 7.113

6.262 4.237 5.0!+6 2.969 6.188 3.6!4
.

~ HIOI I.& RIO. I.& HIm- -- - - - --

5/Kg. 2/Kg. 5/Kg. 5/Kg. lO/Kg.
7.999 21.830 3.201-8.732 7.999-21.830 5.632-15.061 11.264-30,122

963 2.CXl6 963 2.106 1.605 2.507
88 88 88 88 88 88

-479 0 -413 0 -532 0 I •
-887 316 -539 458 -2.708 -2.062

w
w

I •
7.~ 24.240 3.300 24.482 4.085 30.655

FINAN::IAL SOCIAL FINMI:IAL SOCIAL FI~ SOCIAL
1..& HICH IJ:J.? HIm I.& HIm J.(lr;' HUH 1..& HIm l1l\' HIffi- -- - -- - -- - -- - -- - -
.66 2.07 .99 3.13 .28 2.08 .52 3.89 .33 2.47 .58 4.37

2.31 3.41 2.36 4.01 2.12 3.64-

TI-lO (Gorkha) & Tl-ll Base Case
Without Fem:ing ""
Reduce to 63 Man-days,4ta 070 in Gorldla)
Reduce to 63 Han-days,4ta Without Fencing
(I70 in Gorkha) " . .

(1) Base Case
(2) Conservative Future Estimate:

Cost Case (4)
Benefits: lDwer Land Value. lLJwer Fodder
Value

Forage Price (Gorldta 5/1Skg., Myagdi
4/19.<g.. M.!stang 7/1Skg.

Forage Yield:
Yr. 6-10: loo,4ta. Gor1<ha & Myagdi

10-30: ISHl',4ta. Gorl<ha & Myagdi
Yr. 9-14: loo,4ta. KJstang

15-30: 1SHl',4ta. KJstang
Fuelwood Price at age 30 OS/25 kg.:

Gor1<ha & Myagdi; "25/25 kg.: Mistang)

•

(2)
(3)
(5)
(4)

SENiITIVITY FACfOOS

(1)
(2)
(3)
(4)

0) Forage:
a. Price
b. Total Fodder Reveooe
Fuel\olOOd
Erosion Control
Fodder (Grass)
Land Value

'lUfAL BEtH"ITS

BER:FIT/aBT RATIO

mrn;

BfHFfIS

___________1
L~~~~_~I==~I===='....... • I,.
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and there are arc:ucl where cost: savings can be made in future pta'.: ·;,!lS.

The uncer~ainty stems from the difficulty of predicting future fuelwood and
fodder prices and yields. This will always be a problem inherent in pri~e

estimation, but yield estimates can be improved wi,h more 6ampling of er.ist
ing stands. Such sampling is something which may occur as more well-tr~ined

foresters 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 silvicultu:-al 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. If enforcement comes in the form of peer pressure
and common understanding by villagers of the gains to be had by all from
good panchayat forest management, then expenditures for fences and for
forest guards can be decreased.

We have yet to consider panchayat prot~ct~d forests, national forests
and floodplain forest establ ishment. Pa'nchayat protected forest s 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 current forestland rather than from initially unstocked land,
as do the panchayat forests. Panchayat protected· forests, therefore, do not
require init ia! 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 current 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

land panchayat protected forests and because the village panchayats do not "
have responsibility over these forests. 'l'he objective of national, forests
is to' produce timber. The objective of floodplain plantations is to anchor
the soil and to protect the floodplain from further erosion. Fuelwood and.
fodder are only byproducts of. national for,ests and of floodplain planta-
tions. The costs of establishing either national forests or floodplain::-
pl~nt~tions should be comparable to the cosr: of establishing panchay~t

forests as shown in Tables 1-3, 1-6, and.I-7 or I-I0 and 1-11 with the spe
cial caveat that protection against trespass is an all-important variable.
Since, nat ional forest s and floodplain plantations are the responsibility of
RMG agencies and not of the village panchayats, they do not solve the open
access problem. Therefore. a full comflement 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 forests 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 •

. .i

t .
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APPENDIX I-A

NURSERIES

Table I-A.! 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 construction ~_

(assuming it will completely depreciated without maintenance in five years),~

add the seedling production costs and, finally, divide by 25,000, the numb,_
seedlings produced. Tables I-A.3A and I-A.3B review this calculation for f
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 economic cost per seedling ~

0.43 and the financial cost ranges from NR 0.64 to 0.67 depending on the fel
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, particl
ly since the quality of the plot is improved during its use as a nursery•.

I •
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TABLE I-A.!

NURSERY CONSTRUCrION COST
GORl<HA DISTRICT

This is a Panchayat ~ursery. 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:

HAN-Dt\'IS TOrAL crsr!/
S.N. IEiCRIPrION CF "'aU{ AMXJNl' RroJIRm SEASON (NR)

1. Site clearing of 509 Ml
(30% slope) 509 M2 10.18 off 122.16

2. Five [Ursety bed construction
(22.5 x 4 m2>, thickness 0.I5M 270 M3 151.2 off 1,814.40

3. To fill these beds with 5Q:m
thick concrete 5 beds 3.3 off 39.60

4. Cover seed beds with unscreened
0.75 ;soil (0.035M thick) 0.36 off 4.32

5. Cover these beds with screened
2.25 M

3
soil fran the forest (0.75M 0.45 off 5.40
chick)

6. To cover the transplanti~ seed
beds with San thick concrete
stones 3.5 M3 11.5 off 138.00

7. Cover c.'1ese trajUlplanting seed
beds with 2. 5M 3 thick soil fran
the forest area 1.75 M3 0.35 off 4.20

8. Construct the frares of there
beds (0) with stones 5.50 M3

49.'5rJ./a. Skilled Laborer 1.65 -
b. thskilled Laborer 4.95 off 59.40

9. Make irrigation (smalL) channels •
along the [Ursery beds or (soil •
_ fOr drainage) 5.64 Ml 2.76 off 33.12

. .. . 1/ Unless specifie:i otherwise, the market wage rate of the unskille:i laborer in GorWta
is 12/man-day.

2/ The wage r~e of skilled labor is tit 3O/man-day in GorWta.
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TABlE I-A.l
(Coot i.ooed)

io-

MAN-lll\'JS . TorAL CD3T
S.N. IESCRIPl'ION CF kUUC AKml' REQJIRED SFJ\SON (NR)

10. Water Supply
a. Polythene pipe of 30CM lOIlR

ani 12an diaoeter ~~~ m. - - 2,250.00
b. Transportation cost of this

pipe - 2.0 off' 24.00

11. Soil ooved 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 3.96 off 47.52
b. Transportation of stones 2.64 M3 2.64 off 31.68
c. Mason (skilled wxker) @m.

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

4.27 ~3a. Soil wrking 2.39 - 28.68
b. Stone wall am other 2.3 H

3i) stone collection 2.3 M3 3.45 - 41.40
ii) stone transportation 2.3 M

3
2.30 - 27.60

iii) lJIlSOn (skilled labor) 2.3 H
3

1.95 - 58.50
iv) laborer 2.3 H 3.90 - 46.80

c. CaDent concrete worker
i) stone collection and

transportation 0.18 H3 0.64 - .7.68
ii) c:enent (@ m lSO/day) 1.43 b~s - - 214.50
iii) Bard 0.079 ~ 1.62 - 19.44
iv) skilled worker Cmason) 0.18 M3 0.25 - 7.50
v) stone rubbles 0.16 M

3
1.86 - 22.32

vi)' laborer
.

0.76 9.120.18 H -
d. 12M.MCement plaster (at

1:2 ratio) 5.61 H3
i) 0.034 H3 • 1.1 165.00eE!le1t -
ii) sa.-=! o.068M 0. 79 - 9.48
iii) skilled laborer @tit

JO!day - 1.06 - 31.80
iv) laborer - 1.06 - 12.72
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TABlE I-A.l
(Qxltinued)

MAN-M"JS TOrAL CI5T
S.N. IEiCRIPJ:ION (F I\'OOK AMXJNl' RF41IRED SFMON (Nt)

14. N.Jrsery hut (college) con-
struction (to store the equip-
nent)
a. Pillars (woden) @lR 9 - - 270.00

30/piece
b. Transportation - 9.0 off 100.00
c. Rubber, ropes, etc. - 10.0 off 120.00
d. <kher - 15.0 off 1,800.00

0C6T S(l( IAL alIT..
1-14 SUBrarAL in NR

a. Ulskil1ed worker 2,728.76 1,364.38
b. Skilled worker 20.3.40 203.40
c. Materials 3,199.50 3,199.50

SUBI'OrAL 6,131. 66 4,767.28

15. a. Stone wall arotJM the 31.95 H3 17.89 off 214.68
rursery
i) Digging the soil fur

foundation
ii) Masonry worker

74.55 ~(a) uason (skilled wrk' 52.93 - 1,587.90
er) @lit 3O/dJrj 74.55 ~ 105.8 - 1,269.60

(b) laborer
93. Ie ~(c) stone extraction 209.65 2,515.80

am collection 1 - 25.00
(d) baJboo poles

FINAlCIAL CI5T SOCIAL ClET
15a in tit

a. thskilled worker 4,000.08 2,OOO.1Xt.
b. Skilled worker 1,587.90 1,587.90
c. Materials 25.00 25.00

SUBrOl'AL 5,612.98 3,612.~

15. b. Barbed wire fencing around ,
the rursery

3i) wooden post @m 120/ 15.34 ft.
ft. (0.434 W) - - 1,840.80

ii) checking the poles - 6.3 - 75.60
iii> bar.bed wire @20/kg. 54.15 ~. - ~ 1,003.00
iv) U nail - - - 20.00

- v) Straightened the ~re I
(barbed) and other - 10.15 - 121.80
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TABLE I~1
(Qxltiwed)

MAN-Dt\'S, '!'OrAL a:BT
S.N. IF.SCRIPrION IF \\UUC »DJNr ~ SFASON CRS. )

FINAtCIAL alIT SOCIAL a:BT
15b in NR

4. tklskilled wrker 197.40 98.70
b. Skilled wrker - -
c. Materials 2.943.80 , 2,943.80

SUBrOrAL 3,131.20 3,042.50
FINAN:n:AL a:BT SOCIAL a:5T

Toeal tbrsery Ox1struction Cost ~ith

the Stoae Wall Fencing i

a. NJrsery Ox1struction 6,131.66 4,767.28
b. Stone Wall Fencing 5~612.98 3 612.94

TOrAL 11,744.64 8,380.22
, Add 10% Contingency 1,174.46 838.02·

QWI) T01'AL 12.919.64 9,218.24

Total tbrsery OJnstruction Cost With
the Barbed Wire Fencing Around

a. NJrsery OJnstruction 6,131.66 4,767.28
b. Barbed Wire Fencing 3,131.20 3, ~2.S0

TOl'AL 9,262.86 7,809.78
Add 10% Contingency 926.28 780.97
GWm T01'AL 10,189.14 8,590.75

•

.' ..

.'.J.
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TABLE IA.2

SEEDLING PRODUCTION COST
NURSERY CAPACITY: 25,000 SEEDLING/YEAR.

FROM PANalAYAT NURSERY

Annual seedling production cost excluding the c08t of nursery construction.

TorAL~

IE3CRIPrICN <F \\UU( MAN-Ilf\'1S S&\SON ~7"

1. Seed collectior". 10.00 J off 120.00

2. Soil collection fran the foreat
area 81.40 off 976.80

3. Sam collection 40.40 off 484.80

4. Mixing soil with sand, etc. 25.00 off 300.00
'.

\, ~ j

5. Filling the polythene bags with
appropriate soil and sand 125.00 off 1,500.00

6. S~ of seeds in the seed bed 30.00 off '),6().00

7. Transplanti~ seedli~!l in the
polythene beg 90.00 t)ff 1,080.00

8. Weeding 10.00 off 120.00

9. Gcading of seedlings 5.00 off 60.00

10. Prunning 5.00 off 60.00

lL Construction of li1ades over the
seedlings 40.00 off 480.00

12. tlJraery foreman 360.00 all 4,320. 00•-
13. Polythene bags (56.2S kg.) @

Ml401/kg 2,250.00
~

'l'OrAL Fi.nm:ial Cost 12,111.00
Social Cost 7, no. 80



-42-

TABLB IA.3A

FINANCIAL COST CALCULATION PER SEEDLING
NURS ERY CONSTRUCrION COOT
(NR) FOR 25,000 SEEDLING

,.

With Stone Wall Fencing:
With Barbed Wire Fencing:

Total Cost

12.919.64
10.1A9.14

Annuity

3,408.17
2.687.87

Seedling (~.5,OOO) Production Financial Cost: 13.322.10 ,~

I
I

Construction Cost
Production Cost

Per Seedling Cost

.' "

With Stone Wall
Fencing of the Nursery

3.408.17
13,322.10
16,730.27

0.67

..

With Barbed Wire
Fencing Around the Nursery

2,687.87
13,322.10
16,009.97

0.64
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TABLE tA.38

ECONOMIC COST OF SEEDLING

Assume that the economic life of a panchaysl: nursery is 5 years provided no
maintenance is undertaken.

The social cost of the nursery construction alone:

a. with stone wall fencing:
b. with barbed wire fencing:

NR 9,218.24
NR 8,590.75

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

a. with stone wal~ fencing:
b. with barbed wire fencing:

NR 2,431. 75
NR 2,266.22 .

. .

The total social cost of seedling production 'for 25,000 seedlings is:

.' ..

Construction Cost
Production Cost

One seedling Cost (RR)

With Stone Wall
Fencing of the Nurserl

2,431. 75
8,492.80

10,924.55

0.43

• I

With Barbed Wire
Fencing Around the Nursery

2,266.22
8,492.80

10,759.02

0.43

!
(

r ~)

:..
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Appendix 1B

Total Net Annual Benefits: Past and Projected

Tables IB.l and IB.2 display our present net benefit estimates in thou
sands of Nepali rupees for the bulk of all RCUP forest management activi
ties. Table IB.l provides estimates for the first five years of the Pro
ject, or through fiscal year 1984-85, while table IB.2 projects estimates
for the next ten years. Each table is comparable to table 1.1 in the
management activities which it lists and the political districts i Gorkha,·
Myagdi and Niustang; among which it divides the management 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 present· 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 themaelves every tim
ber rotation. They do not reflect only the current benefits or costs occur
ring in that year. Total net discounted benefits for all RCUP activities on
all hectares introduced to management in a given year are shown at the
bottom of the final page of tablei IB.1 and IB.2.

~ithin table lB. 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. Panehayat 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 HR 20-25 per hectare. cost in the text itself, however, and .apply
the NR 20 estimate in the fourth row of table IB.1. Appendix lA estimates
n~rsery costs and seedling values so that all nurseries just break even.
Table 1B.1 continues the break-even assumption -- implying zero present net
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 identify generalized bene
fit or cost streams to these forests until the indeterminate beginning of
their second rotations.. "'e arbitrarily assume that these second rotations
begin in the fifth year after panchayat management begins. Panchayat pro
tQcted forest demarcation and management plan co~t~ are one time only co~t~

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 1.7) and management plan costs •. ..
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National forest plantation benefits and costs might be similar to those
of panchayat for68ts except fo~ the open access problem attached to national
forests •. Open access suggests no impact on costs but a 1088 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 IB.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-tenth 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 froll1 the body of this chapter is taken regarding
choice of locat ions for future panchayat forest sand panchayat protected
forests. Therefore. their per hectare benefits remain the conservative
future benefit estimates frOID tables 1.·5. 1. 8. and 1. 9 for fuelwood and frOID
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 fh
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 is 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~

•

! .

.}

•
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'IABLE !B-1

FcmsT HUW»£Nr: cmIS NIlIaUIIS (in 1(0)'. of RJPEei)

,
~
0,

F~CAL WAR 1980-81 FJSCAL w.AR 195Hil FJSCAL WAR 1982-83 FISCAL w.AR 1983-1!4 FJSCAL 'Jl'AR 19lYt-85
mal

lalvrrY I.a:.VICIf D C BPI B C mY I C mY I C mY B C HIV

;JJYz Forest RA. (e)· 43.3 31.0 12.3 162.6 116.3 1£.3 357.1 255.8 101.9 433.6 310.0 123.6 Sfll.9 387.6 154.3
dwccd) CK\>* 23.~ 17.4 5.1 73.8 55.6 18.2 175.4 132.0 43.4 249.2 187.5 . 61.7 3SO.1 263.9 S6.1Qt.». - - - 112.2 107.9 4.3 116.9 112.4 4.5 168.3 161.8 _6.5 168.3 161.8 6.5

TorAL 6f:i.4 48.4 18.0 348.6 279.8 68.6 6so.0 500.2 149.8 851.1 659.3 191.7 lQiQ,9 813.3 247.6

hayat Forear: RA. (C) 57.8 31.0 26.8 216.7 116.3 100.4 476.8 255.8 221.0 577.9 310.0 267.9 7l2.4 387.6 D4.S
."'-'<!der) CK\) 29.7 IS.1 14.0 95.2 50.3 44.9 226.2 119.5 1~1 321.5 169.9 151.6 452.4 239.1 213.3

(0) - - - 157.9 Wf.1 73.8 164.4 87.6 76.8 223.6 119.1 IDf.5 223.6 119.1 lot. 5
TOIAL 87.5 1£.7 40.8 1£9.8 2so. 7 219.1 867.4 462.9 4Df.5 1123.0 599.0 524.0 lJ:J8.4 145.8 652.6

'.

.xMyat Foreat (e)
-

RA.
,>:laver (H,\)

00)
TarAL

·.cation of HID- (C)
1

HA- D - - 0 2.8 -2.8 c
..uretlt Plan of (H,\) D 1.5 -1.S 0 1.0 -1.0

.i'.lIlCMy1t F«at 00) 0 .2 - .25 0 .5 - .5
TOrAL 0 1.7 -1.75 0 4.3 -4.3

-
;:abli~ of RA. (e)
.~Ibr.ry (H,\)
~u.0lJ hectare) 0tJ)

TOrAL
-

::II



'rA!LE 1&-1
(Ccuiroed)

FaU!ST~: CIE1S Nf) ItHFlIS (in 1lXX)'. of IIH!S)

FISCAL 'llEAa 198O-a1 FISCAL WAR 1981-82 FISCAL 'YEAR 1982-83 FISCAL~ 1983-Wt FISCAL WAll 19W.-as
wrr/

ACrlVnT ur.ATUIi Ii C BN B C BN B C BN II C BN B C BiV

~.blillaeatof HA. Ce)
~ 1'rrJtected (H,\)

F«eat CKJ)
.' 'l'OrAL i

1

(0)
I

n.m:atial BA. 0 2.5 -2.5 0 S.7 -5.7 0 4.2 -4.2 0 12.6 -12.6 I
(K\) 0 5.2 -5.2 0 17.3 -17.3 0 5.6 - -5.6 0 16.8 '-16.8 \
(0) 0 6.3 -6.3 0 10.4 -10.4 0 6.2 -6.2 0 3.8 -3.8
mw. 0 14.0 -14.0 0 33.4 -33.4 0 J6.0 -J6.0 0 33.:C ';;:33.2

, , ,
PrepuaiClll of Han- BA. Ce) - - - - - - 0 5.0 -5.0 :
......... of (H,\) Q 3.8 -3.8 0 7.2 -7.2 0 5.0 -5.0
PanchaJC Pnltectel (0) 0 10.0 -10.0 0 6.2 -6.2 0 S.O -5, :.

'«at 1"OrAL 0 13.8 -13.8 0 13.4 -13.4 0 15.0 ·l~.. ,

blplllllelll:ui.aa of HA. (0)
hn:Mya Pnlts:ted 011\) ".
Foreu ..... et (0) ,
Pbll 1'DW.

I
~......
I

Ye
~.

1& 'I
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TAlIl.E !B-1
(Continued)

PCR!ST HWaHlll': aB1S HI) BEtEFIIS (in 1(0)'. of RIPEfS)

-
FISCAL YEAR 1980-8i FISCAL \¥.All 1981-82 FISCAL \¥.All 1982-83 FISCAL YEAR 1983-8!t FISCAL lEAR 19ar.-as

um:/ ., IalVIIY urATl(liI I C 8f{ B C mv B C HN II C mv II C 8N
i.
i National Farut BA. (e) 228.3 201.5 26.8 807.8 713.1 91.7 140-..8 U4o.2 16ft.6 . 2195.0 1937.1 257.2
!- Plmtati.cxl - (K\) 96.6 125.0 -28.4 1073.6 1389.0 -315.4 536.8 ~.5 -157.7 1073.6 l389.0 -315.4

OIJ) 95.9 167.7 -71.8 318.0 539.5 -221.5 265.0 449.5 -18!t.5 477.0 lIO}.2 -332.2
: TOW. 420-3 494.2 -73.4 2199.4 2b41.b ""442.2 22l11.b 2:w..2 -117.6 J745.6 4136.0 -390.4

! Iqtlellll!ntation of RA. (c)
~PUoof (Hl) .

i HatiQaal Forest (0)I

IEatlbli~--~
TOI'AL .

HA. (c)
I

Ceatral Ibraery (K\)!
i (0)
I TOW.Iea-u.,. ......... HA. (C) .

Diltdlu:ioa (Hl)
, - (0)

- TUrAL

;
:.stablilfaalt of (C)BA.
satellite 1lJr-ery .- (K\)

OIJ)
.

mrAL

~

'~

"'
-- ~ .-:

I. ~
(Ig
I
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TAIllE )B-1
(Cbmiooed)

ftIIlIS1' JMM»ENr: aE1S MI) IfJBPDS (in lcm'. of JiIJWJ!S)

PJSCAL 1!AIl 198)-81 FISCAL lEAR 1981-& FISCAL lEAR 1981-83 FlSr&. lEAR 19BJ-a FISCAL DR 198fr85
uu:r/

HnVlTf ur.mlIf • C HfI B C IV{ B C HN B C IV{ • C BI9

rnp.atiao of SA. (C) - - - 0 513.4 -513.4
Rlti.oaal Forest (Hl) 0 ~37.9 -537.9 - - -
H=a « Plm (0) 0 128.0 -128.0 - - -

'l'tJIAL 0 flb5.9 -tlb5.9 5U.4 ~1:s.4

Speciea _ Pr1Jvoeo".,,- SA. (e)
a¥;J Trial Plot. (K\)
(plot .be a 0.2 011)
bKure) TarAL

PlaJdplain Plm- SA. (C) 281.0 248.0 33.0 87.8 77.5 10.3
tatiaD CHl) - - - - - -

(0) - - - - - -
'l'tJIAL 281.u ;t'ltl. U ;sJ.U D/. D II.) lU.J

QiLtHE mrAL 58.8 ;t)'J.J ~o :s.a 451.3.

~

..

'IIIraJ
C· Q)rIIha

IfI\ a H1l1(1;di
HJalllltq

I
~
\0
I
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TAJU 1B-2

ftIlI5T IMMlaHXl': Jam:.f([E JmU'l1S All) ams. PIDJlD'!D (in 1(0)1. of lIJ1fJ!S)

- - .,;.

~.~
~

1985-86 86-87 87-88 88-89 119-4) 9(Hl 9HlZ 92-93 93-9rl 9ff-95
IIJrrI

M:rIVlTf UDr1C11 Beet.. • C HiV HiV IW HfI HiV HiV HiV HiV BW BII1

~PoreK IL\, (C)* 130.8 1417.1 554.2 862.9 862.9
<PueltlllOll) 011\)* 7Q.5 65CU 315.8 334.9 334.9

00>* 47.3 W.2 266.0 176.2 176.2
TOrAL 2~6 2510.0 1136.0 1374.0 1374.0

Pm:hayIt ForeK 1lA. (G) 130.8 188!U 554.2 1335.6 1335.6
(Podded (H,\) 7Q.5 839.3 2m.3 630.0 630.0

(0) 47.3 622.2 170.9 451.3 451.3
1'Ol'AL 2li8.6 ;j])1.:J !IJ4.4 2ftlb.!I 2416.9
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II. WATERSHED MANAGEMENT I

The severe erosion in widespread evidence in the hills of Nepal justifies
our general interest in watershed management and argues specificallY 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 auoclated 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
as the lost upstream land ends up as downstream sediment deposited both' within
the steambanks and on the floodplains. 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 Gf 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 terrac~s. 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 activides 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 applicat ion of these technologies, RCUP' s watershed program
has argued from th:ee 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 environments. 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 mecnanical technologies. Biological
technologies are the easiest for the local population to maintain and, therefore,
contribute to premise (3), sustainability. RCUP intends for good watershed con
servation practices to outlive the project it~elf. This objective is best
achieved by training local workers' and local farmers in resource conservation,
both formal training and the local learning which occurs through the demonstra
tion and th~ on-the-job training attached to implementation of the various water
shed management technologies.

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
intensive technologies.

lThis study was prepared by W. Hyde, K.
1985. This draft does not include the section
quires additional information before it can be

/
Kanel, and
on Terrace
completed.

v. Sainjo in February
I~provement which re-
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The externGl cnd common property effects of watershed management complicate
RCUP's conservation problem by making app~opriate 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
gains accrue .to the community as a whole. Downstream landowners cannot usually
identify the original source of sediment deposited on their land. Therefore,
they are unl ikely to provide the proper inducement for erosion cont rol by land
owners at the source of the erosion. Individual members of communities, even if
they are able to ident i fy the source of damage te. their water source. can often
free ride on the collective action of their neighbors. Therefore, they too are
unlikely i:o provide the proper inducement for erosion control to landowners al:
the source of the erosion. In t~e absence of sophisticated institutions for com
mons management, landowners at the source have incentive to manage the watershed
only to the extent that they obtaLn personal gain. In sum, RCUP's problem is not
only to encourage improved managf.",p.nt but also to find and to encourage local in
st itut ions whicn 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 intent of providing insight to ;~u reasonable fu
ture direction. Our approach is that of social benefit-cost analysis as
described in the introductory chapter. ~'e propose to conduct our analysis of
RCUP's previous accomplishments with the intent of iSJlating characteristics of
successful technologies, geographic locations and institutional arrangements.
Knowledge of these characterist ics should help ident ify 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 moat of the other primary and secondary technologies (APROSC. Leuschner). The
substantial costs of gulley control are anothe~ reason for reviewing examples of
it. The case studies begin with a background discussion of the previous' local
experience and include discussion of t.he general engineering technology and its
desired impacts. They continue 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 iinpli':

. cations of our observations 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 Bource protection. "'e go into litt Ie detail for this latter
technology bucauae 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. I gency for International Development and His
Majesties Government of Nepal. The first on-the-ground conservation activitil'.:'
began in mid-fiscal year 1980-1981 and the project is now in the fifth year"lf
the first, of three anticipated five-year programs.

The p~~ject's conservation activities are c~ncentrateJ 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 eleval.~,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 1D08t popu~ated

dist~ict is Gorkha on the Daraundi watershed about four hours drive from Kath
mandu. The RCUP watershed effort in Gork~a includes 32 large panchayat or vil
lage legislative units and it possesses the IDOst 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 Go·rkha. 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-I ident ifies target levels and accomplishments for each watershed
activity within these three districts. The table lists first primary (terrace
improvement, streambank stabilization, gutley and landslide control), then sec
ondary (trail improvement and road bank stabilization) activities together with'
their basic unit s 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 watershea managemelnt program. Three were
built in G~rkh. and all await stocking. This was a minor RCUP activity not tra
ditionally ~8aociated with watershed management. For the latter reason, it is of
little interest to the Department of Soil Conse~vation and Watershed Management
(DSCWM) , the lead HMG agency for this part of the RCUP prclgram and it has a very:
low profile today. The final activity, multiple purpose impoundments, integrates
drinking water. energy, agriculture, range and watershed programs. The design
phase for this act ivity is only now nearing completion, therefore its inlt ial
targets are, as yet, unidentified. It is known that RCUP recoOlDends no major

, impoun&ments and no hydroelectric output. The former would inundate \DOre agri
cultural land than they wvutd bring into protection and the latter would be re
dundant when a neighboring hydroelectric (and irrigation) project is completed in
Pokhara.

•r•
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WATE15HD MMW»IE1H' (IE(l\'M): TARmIS AN> <IHPlEITON>
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FIRIT 5 YEAR PIU;RAM TAIl(D'S FCR -
ACrlVlTY UNIT 1980/81 1981/82 1982/83 1983/&+ 1984/85 1UfAL SFlDND 'lHIRD 15 YFAR

T A T A T A T A T A T A 5 YFAR 5 YFAR 'lUL\L

•
A. Terrace Iq>rovement

1. Gorkha ha 2.0 0.3 10.0 10.0 10.0 10.0 15.0 15.0 IS.0 15.0 52.0 5.0 225.0 225.0 sm.O
2. ~agdi ha 2.0 - 10.0 9.6 10.0 10.0 20.0 20.0 10.0 10.0 52.0 4.0 75.0 75.0 2m.0
3. KJstang ha - - - - 10.0 8.0 10.0 10.0 10.0 10.0 30.0 2.0 200.0 200.0 430.0

-
I B. Strean Bank Stabilization

.
-

1. Gorlcha km - - - - 0.1 0.22 0.1 0.1 0.1 0.1 0.3 0.2 0.1 0.1 0.4
2. ~agdi km - - - - - - - - - - - - - - -
3. KJstang km - - - - - - - - - - - - - - -

-
C. GJlly am LamsLide '., Q:lnl:rol

1. Gorkha' no - - 1.0 1.0 1.0 1.0 1.0 0.8 2.0 2.0 5.0 5.0 2.5 2.5 10.0
2. ~agdi no - - - - 1.0 0.7 2.0 1.0 1.0 1.3 4.0 1.7 2.5 2.5 9.0

;
3. K.tstq 1.0 2.0 1.0 2.0 1.0no - - - - - - - - - -

D. Trail ~rov8lEOC
1. Gorkha kill - - 1.0 1.0 1.0 0.62 0.7 0.55 2.3 1.84 5.0 4.0 10.0 10.0 30.0
2. ~agdi (em 1.0 0.15 4.0 3.88 4.0 4.0 10.0 10.0 - 1.0 19.0 18.U 5.0 5.0 29.0
3. K.tstq kill - - - - - - - - - - - - - - -

•
E. Road Slope Stabilization

.
1. Gorldta lcm 0.4 O.~ 0.4 0.34 0.8 0.8 0.7 0.7 - - 2.3 19.0 - - 2.4
2. ~agdi Ian - - - - - - - - - - - - - - -
3. K.tstang (em - - - - - - - - - - - - - - -

F. Camuri.ty Water Source
Protection
1. Gorldta 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. ~agdi ha_ - - 10.0 10.0 20.0 20.0 5.0 5.0 15.0 15.0 50.0 50.0 50,0 50.0 150.0
3. K.tstq 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 2so.0

G. KUtipurpose~8
1. Gorkha - - - - - - - - - - - - - - -
2. Ittagdi - - - - - - - - - - - - - - -
3. Itlstq - - - - - - - - - - - - - - -.

I
~
I

, 'I '!lIIIIll I , I I I ~ III • II ... I ~I I
~
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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 representa.tive 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 Nat.ional Planning Commission
(NPC) which set the targets. The criteria for our initial target selection in·'
cluded local need, local population, remot,eness, 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 is 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-I have cons~derable 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 conversation 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 contrall'ed in 1983-84. This spot
check suggests the unexpected (to us) conclusion that accomplishments are perhaps
somewhat under-reported.

B. Streambank Stabilization: A Case Study

The choice of streambank stabilization for our first case study is, 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 stabi,lization
benefits may dominate those for all other RCUP watershed management activiti:~s

c?mbined" With. statement of thi~ emphasis as· background, we would be negligent
if we fdled 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 suggests, however, that eithelj this one project was uniquely
beneficial 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-I 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 entering the Khahare near the point
where the f.loodplain widens, reinforcfS this act~on" 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 thi~ project is common on the Daraundi and Gandiki
watersheds: thin topsoil with a substrate of clay and gravel, steep terrain,
and a rapidly moving 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 gently 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 responsibility.

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 basket,s of stone and which
can be constructed on the site. Only the wire needs to be transported from any
di;itance. The Nepalese reliance on local stone over imported iron and their
re~ative 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
jec~ as shown in the figure.

As a first step in assessing the benefits and the costs of this project we
inquired whether other watershed management projects in Nepal had collected com
parable information. Apparently there are three other projects: an FAD project
near Pokhara designed to control lakeside erosion and to produce hydropower and
both the Swiss/TINAN and the OSCWM/Bagmati projects which concentrate on tree
planting to control 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 SECIO's ex-ante and Leuschner's pre
liminary ex-post benefit-cost analysis. The former had no streambank stabiliza
tion component. 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 (ri~ht) bank of the Khahare river beginning at
the eventual location of the furthest upstream gabion in Figure 11-1 and continu
ing downstream approximately 189 meters to the last gabion, or until the river
stra'ightens and its main force returns to the center of the stream. This strip
is approxi~ately two meters 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 annual crops because of the heavy scouring by the rocky river sedi
ment. Flooding affects approximately four hectares as shown in Figure II-i.

~1
t
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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 uf unskilled labor was
only 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 constructing the gabions is measured as the rice crop gain
from retaining the annually eroding strip along strearnbank plus the gain from one
add it iona l 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 the 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 khet land 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 ------------------- BENEFITS IN NR ------------,.-
in years Erosion Control Flood Control Total

- 1 3454 - 4145 18181 - 21818 21600 - 26000 11>.

5 14497 17379 75820 90984 90300 108400
10 23620 - 28323 122900 - 147480 146500 - 175800

Apparently. the benefits only cover the construction costs (either social or
financial) in the event that the gab ions withstand the rivers force for.. 10 _years
or more.

. ..

This. suggests that net benefits are not always so great as .previously anti
cipated. (Leuschnet 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 measures 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. Benefit. 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 ~et 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 st~eambank stabilization projects may be •

C. Gully Control: Case Studies

f . .' •
Once more. there are few examples of projects of this category whlCh 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 II-2 is a duplicate of the engineers blueprint for check dams and
gab ion 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) prot'ection 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 current head of the land
slide, (3) eventual recovery of some land within the gully's current boundaries, '
and (4) halting the landslid~ contribution to downstream sediment deposition.

Temple protection is undoubtedly the most important benefit. Its 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 control
saves the two-tenths of the hectare expansion from it s current size from ever
occurring. This land is packho or upland maize field which currently 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 tenth 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 est imates 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 sedi~ent depo
sition is altogether less than NR 100. The summary gross discounted benefits are
less than a generous NR 13,500 plus the importanf unmeasured benefits from pro
tecting the temple.

The RCUP engineer's cost records show a bill of NR 451,383 for this project,
a ~9st which only depreciates NR 7,700 when unskilled 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 cannot
be made on financial judgement alone. Rather th~ predominant decision criteria
must have to do with local percept ions of the ·temple, local understanding of the
alte~nate project output s foreg?ne when RCUP resources are spent on temple pro
tectlon,and RCUP's own perception of the longer term benefits it gains from high
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It is quite reasonable to expect that a few
increase substant ially RCUP I S local cred it
to accomplish other resource management ob-

The second gully control project is in Arthunge viLLage panchayat only 100
meters upstream from Beni, the principle town of Myagdi. Figure 1t-3 replicates
the engineering blueprints for this project. The purpose of this project is to
s low the erosion caused by the generally smaller stream running down the gully
and, thereby, to restrict pottmtial for future erosion particularly along the
left bank of r,ne gully. The ldt bank is a proposed hospital site and, in ab
sence of cont':'::l, the gully would likely expand and eventually collapse hospital
walls much a~ 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 Jecovery, and incremental erosion control benefits much 8S 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. If good
khat land is \l.'orth NR 100-120,000 per hectare then it is 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 engineer's blueprints is
also in Arthunge village panchayat outside of the town of Beni in Myagdi dis
trict. Its objectives are less spectacular in that they do not include protec
tion of a large public institution like a temple or hospital. Its objectives are
to protect prime agricultural land from further erosion along a 150 meter stretch
of stream or gully and simultaneously to decrease downstream sediment deposi
tion.

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 conLrol ~enefits on each side of
the stream but even if these extended back for 13 mete~s on each side, beginning
immediately and continuing into perpetuity, would they protect the equivalent of
one permanent hectare of land worth NR 100-120,OOO? (The protected land value

J4 would be even less if the land were not all gooq khlt land.) Adding NR 500 for
the value of the discounted flow of downstream sediment avoided, cha"ges the:
gross benefits very little. The net gain for the project as a whole is negative
and the benef~t-cost ratio is less than one.

After reviewing all three landscape and gully control projects we arrived at
_ a fairly obvious set of conclusions. These are expensive projects. Their engi

neering and construction cost s. are large relat ilve to many other single RCUP
activities. They may well be justified, however, where something more is at
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stake than e~olion of adjacent agricultural land and avoidance of downstream sed
iment depositil:>n. For example, in thl~ aecond case gully control protects the
anticipated cle" hospital and is easily justified on economic criteria. In the
third cue, fOCUl1 on agricultural land only was insufficient to ;usti fy guLLy
control on economic grounds. What this recommends for future tariSets is close
attention to associating landslide and gully control projects with protection of
lands occupied by large important institutions or other high profile resources of
substantial value to the local population.

D. Terrace Imp!2vement

Terrace improvement is the major RCUP watershed activity. Reflection on
Table 1t-1 shows it to be the watershed activity which has received the earliest
and greatest attention 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
ment and downstream where there is a reduction in sediment deposition as a result
of upstream control of the sediment source, the deteriorating terrace.

The RCUP terrace improvement effort concentrates on upland terraces because
these are the least productive as well ao the larger source of sediment. Upland
terraces are less likely candidates for private repair becauae they are less fer
tile and have shaLLower soils than the less steep low~aod 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 terra~es 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 .8 .few
well placed projects justifies RCUP' s .activity.. The private gains to upland
landowners which also are associated ''lith the RCUP' s effort· -also· suggest,: ho"l
ever, some private stake in the activity. Together, they explain the 70-30 cost
sharing arrangement wi\ich currently exists between RCUP and the upland land-
owner, respectively. _ , _ . ' .

The technology i~7~lved 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 uppel' half of the deteriorat ing ter
racea. The excavated 80il 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 exca·...ating plus the opportunity cost of foregoing production of one of two
annual crops while the terrace improvement activity iJ going on. Benefitl can be
measured either in the form of increased land values subsequent to the improve
ment or in the form of a combination of increQsed crop output and decreased agri
cultural labor input necessary to work the terraces for future crops. Reduction
in downstream sediment deposition is the second important benefit.

I

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 benefits and cost.. We first examine

•
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TABLE II-2

SOIL WORKING (EXCAVATION) COST OF TERRACE IMPROVEMENT IN RCUP, GORmA . "

(This is reproduced from Heasurement Book No. 15 of RCUP (CC<?)._~9rkha) _ '

Case No. I. Name of the project: Terrace Improvement
Location: Tara Nagar V.P., ward no. 6, Charkune Gairo; Gorkha
F·armer 'B name: Krishna Bahadur Addhikad
Working agency: Land owner
Date of Agreement: ~040-10-6 (1983 February)
Date of Work CompletLon: 2040-11-15 (1984 Harch)
Date of Measurement: 2040-11-18 (1984 M~rch)

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

-....

S. No. No L (H) B (H) H (H) Content (HJ) Area (Sq. M)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

20.0
30.0
31. 0
44.0
45.0
33:'b
60.0
30.0
24.0
30.0
30.0
38.0
33.5
33.0
32.0
31. 0

3.3
3.0
5.0
2.0
4.5
3.5
5.0
5.25
3.80
3.0
4.0
2. 70
3.25
3.25
3.40
4.0

0.50
0.45
0.70
0.60
0.83
0.58
0.90
1. 05
0.95
O. 70
1. 10
0.80
1. 20
1. 10
O. 70
0.65

33.00
40.50

108.50
52.80

,\68.07
65.99

270.00
165.37
86.64
63.00

132.00
84.08

130.64
117.97
, 76. 16

80.60
1674. 32

66
90

155
88

202.5
115.5
300
157.5
91.2
90

120.6
"102 ",

108.9
107.2.
108.8' '':':
124.0-' -

2027.2
-4.Q5 (Rupanis)

Total volume of Excavation • 167.4.32 ·x'1!2,.'x 1/2:x·1.f2 .. 7J.~,,,. ;:.

• 1674. 32/.8 ' ,
• 209. ~9 H3

Rate per H3 for gravel mixed soil excavation .. NR 13.20

Total cost M Total volume x Rate per M3
.. 209.29 x 13.2
... Nit 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 borne out by the land owner NR 828.74

Checked by Date
Supervised ;""by-------------·-r- Date ----------
Paid by Date ---------Signature of the land owner:

:...

Approved by Mohal Wagley
Date
Date ---------
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benefits and costs from the perspective of two farmers from Gor"ha who have. re
ceived RCUP assistance, and then turn' to generalized cases JEor Gorkha-Myagdi and
Mustang. We discuss the genetalized cases from the broader ~ocial perspective of
benefits and costs. We close with some summary observat ions',; .. , ..

0.1 Selection.~~~_hayatsand Farmers

An invi tr,lt ion to part ic ipate in the terrace improvemeF?'~ 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 eco. It is also c:lear that, the CCO' s alt.ernate
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 1:1) individual farmers. ~rhey obtain applica
t ions for RCUt' terrace improvement assistance from the individual farmers and
forward these to the ceos within 30 days after their own original notification.
The applications include informaticn about the areas and boundaries of the land
to be improved. certific·atior. of ownership. a copy of the l.and revenue payment
receipts (taxes). and identity of land use and crop pattern~ on this land both
before and after the terrace improvement.

Many more farmers apply for the terrace improvement prog'ram than the program
has finances to assist. For example, in Manakamana vi llage \)anchayat five farm
ers were chosen for participation in 1983-84 out of 150 who applied. The cri
teria for choice among farmers restrict assistance to currently.. cultivated land·
of slope between 15 and 50%. .

After the farmer hao been selected,' sometime: in: the: third week:: in ~December.·· ...
an agriculture or forestry technician or surveyor measures all.-·thet~rraces ·to·be
improved, calculates the volume of soil to be excavated and the area for improve
.ment, and draws up a document for the .signatures of the. farmer and the. ceo. '.
Table Il-2 is an example. The conditions' of the agreement,' ,are·, tha~ the farmer '"
finish the terrace improve!"lent work within 30· days "and'.. that 'he" pay :30% :of ~the: ..
total costs. The cost I:alc:ulation formula itself multiplies' the ·district.. legal'" .
minimum wage rate times the number of man-days required per c:ubic meter of soil
excavated (0.88) times the total volume of so.il to be excav.l1ted.

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

F. Two Examples: Farmers In Gorkha

• .. We visited two Gockha farmers who received RCUP assistance 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

-
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terrace improvement with ~ 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 assistance. The total cost of soil excavat ion 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 aft~' the terrace improvement. He gave
the following details: _ _. _., _..::.... ':

... "
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III. APPROPRIATE TECHNOLOGY/ENERGY COMPONENTll

A. Introduction

The original plan for this component included a diverse collection of appro
priate technolo~y and energy activities. The "Energy Development Sub-Project
Implementation Plan" 21 contained targets for wooden brid~es, solar kilns,
hydra~ pumps, haybox cookers, ropeways, beehives, peddle threshers, i~roved
water mills (water powered grindstones), a lIlJ1ti-puroose impoundlnent, toilets,
and windmills as well as improved stoves (chulos), solar water heaters, solar
crop c1ryers, mini-hydro plants, and b1o-~as plants. Implementation of the pro
~ect has diverqed significantly from the Plan, the emphasis having been placed on
five ki nds of pnergy technol ogi es: imorovec1 stoves, solar water heaters, solar
C?OP dryers, improved water mills, and a bio-oas plant. Feesibility studies have
been co~leterl for three mini-~yrlro installations, but none have been con
structed.

This analysis concentrates on the five ener~ technolo~ies which have actu
ally been installed. A summary of the feasihility studies on mini-hydro units is
also provided, since they have absorbed a lar~e fraction (80') of RCUP resources
allocaterl to the enerClY component, and since three mini -hydro units will be in
stalled beginninq in FY 84/A5.

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 enerqy technologies. The final section, Conclu
sions and Policy Recommendations, presents suggestions for adjusting targets
rluring the period 1985-88.

B. Physical Activity Targets and Completions

Presente(f in Tabl e I II -1 is a compari son of the ori oi na 1 four-year targets
versus actual completions for the five technologies bein9 analyzerl. Targets for
FY A4/85 are also presentl'd. It is clear from Table III-l that improved chulos
reo resent the major success of RCUP. In fact, thfl actual completions t!1rouqh
July 1984 represent 323~ of the ari ginal targets for i",proven chulos. Across
Districts, the main effort has been exoended in Gorkha (499% completions vs.
targets) and only in Mustang (84% completions vs. targets) were the ori~inal tar
nets not exceeded. Further, the rate of completions has accelerated: 59' of the
total occurred during FY 83/84.

Solar water heaters are characterizeti by inability to achieve the original
targets in all three Districts. Actual completions ~y July 19A4 represent 33~ of

11 This study was done by Erlward Vickery and Jennifer Wood. We are grateful to
John Ashworth, Andreas Bach",an, Gabriel Campbell, and Daniel Jantzen for
excellent critiQues of preli~inary results. Alfst of references is present
ed in ~ppenc1ix 1.

21 Al ton Byers, IIEnerqy OevP1ooment Sub-Project Irnpletnentatfon Plan", september
1981. See pages v-vi f~~ 3 su~ary of the original taroets •

...... ....
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1NU III-1

ao;y cameIT: SU+Mf (f' PHYSICft ACTIVIlY
TMfnS NIl QMlLETICNS, ~"Y 81182 1lRlOi FY aves

(JUGINPl TAR(E1'S, PCn.W. lIMtETICNS BY ~ FY TMfETS,
FY ffi/81-FY aV~5 tlJ/t41 tilffl tfl/83 Wtm IUtAL FY aves

A. 1111)1"OVed Stoves
1. lb'tCfii 95 - 140 74 130 344 JJ)
2. rtagdi 51 - 7 20 68 95 74
3. fotIstang 44 - 7 3 Q 19 26

'TOTAL l~ - 154 97 Z07 4!)R 4W

B. Solar Water Heaters
l. lbidii 9 - 2 2 1 5
2. ~a!ld1 15 - 2 4 2 8
3. fotIstang 14 . 1 4 1 6

'TOTAL 31 - ~ lU 4 1lI 4

C. Solar Cr'q) Dryers
1. aha 4 - - 2 - 2
2. ~a!Xff 6 - 1 2 - 3
3. fotIstar19 6 - 1 9 6 16

'TOTAL In - ~ J..:I 0 a 0

D. IlT1Jroved Water Mills
l. tb1Cha 2 - - 1 - 1
2. ~aCldi 2 - - - - -
3. tt\lstang 1 - - - 1 1

'TOTAL ~ - - 1 1 2 2

E. Bfo-aas Plants
l. rDrihi 5 - 1 - - 1
2. rta~ 4 I - - - - -
3. fotIstang 1 I - - - - -

101M. lU - 1 - - ~ -
F. MfnfSPlant

i~ ~ 1 - - - - 1
2. r.tf~ 1 - - - - 1
3. MJstang 1 - - - - 1

10TAL 3 - - - - ;;s -
Sources: Ta"9!tS are fran "Enerqy~l~ ~ect I/t1)l8ll!ntatfon Plan," pp. 2 and 10;

CQI1)letfons are fran~ by the JDP Energy SCJec1alfst.

.
•
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targets in Gorlch•• 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 nutcol'le includes only 50~ of the original
targets in Gorkha and Mya~di. In Mustang, by contrast, actual completions are
equivalent to 267~ of targets. Similar to the experience with solar ~ater heat
ers, the pace of insta11i nq sol ar crop dryers slackened consi derably 1" 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,
50S for Gorkha. and zero for Myagdi.

Bio-gas plants display the most striking discrepancy between tar~ets and
completions. Only one plant 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 observation is that the ~reatest activity for field work occyrs dur
ing April-July. Not only is the weather more cooperative (pre-monsoon), but also
the HMG bUdgetary procedures typically rel ease more· funds duri ng the last quarter
of a fiscal year. Consequently, benefits cl airterf duri ng the year of installa
tion, e.g. an improved stove, should only be about 25~ of annual totals claimed
thereafter.

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

C. Improved Stoves

1. A Cas. Study: Improved Stoves in Chhoprak Panchayat, Gorkha District

a) Conducting An Energy Needs Assess~nt

During February-July 1982, only a few months after the original tar
gets were specified in the "En,-rgy Development Sub-Project Implementa
tion Plan", an action research project was initiated in Chhoprak Pan
chayat. 11 The objective of this effort was to involve local people

11 A description of this research is provided in the paper by Deepak
Bajracharya. "Organizino for Energy Needs Assessment and Innovation: Action
Research in Nepal", January 1983.
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in identifying those energy technologies which seemed most appropriate,
planning for implementati.:m, and decision-making for the sharing of
benefits.

Discussions and public meetings with local people led to different
perceptions of priority energy needs. The Kumhal and Gurung communities
identi fi ed thei r own needs for a water mill .1/ Representat1 ves of
the remai nder of the communi ti es -- a heterogeneous group of d1 fferent
castes and ethnic groups such as B,-ahmins, Chketrfs, Newers, Kamfs.
Sarkis, and Dlimais -- in a public meeting chose smokeless chulos and
peddle threshers for paddy as their highest priorities. Initially the
Pradhan Pancha (el ected chai rman 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 installed five demon
stration units earlier in the fiscal yeer.

Planning for implementation focused on the resolution of three ques
tions about the new stoves: (1) What should be done about the chimneys?
(2) Who would make the stoves? and (3) What wr,uld be the local contri
butions?

Regardi ng ques ti ons (l) and (2), experi I"ents were carri ed out to
have both the chimneys and the stove inserts made in Chhoprak. A group
of potters from the Kathmandu Valley, who re9ularly spent their winters
in Chhoprak. expressed interest in producing the chimneys. They actual
ly made about 140 sets. Simil arly, 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
transporting prefabricated chimneys and stove inserts from Kathmandu via
lorry. '

Question (3) was resolved by having the RCU Proj~ct 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. Th~ 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 agreed to provide bricks (about twenty) for
building 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) Organizing to Obtain and Install Improved Stoves

The RCUP has hirerl a full-time Energy Specialist (Mr. Gyan1 Shakya)
who supervises imol~mentation of the entire energy program in all three

1/ See Section F of this reoort for an analysis of this innovation.
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Districts -- Gorkha. ~agdi, and Mustang. In Gorkha, as in each of the
other district!" 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 SpeciaHst is respc,nsible 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 choo!;i ng those househol ds which are to receive the improlJed
stoves, and he oversees the work of the Energy Technician and the Stove
Technician regardin9 installation of the stoves and dissemination of
op,erating and maintenance instructions •.

The choice of which tYlle of stove to purchase was based on advh:e
from the Stove Improvement Unit of the World Bank's COlllnUnity Forestr"y
Project. The so-called Magan design11 was selected' since it was
smokel eS3, 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.

Illustrations of the Magan stove desi~n, as well as several alterna
tives, are presented in Appendix 2. The desi gn 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 cooking. The
cost of the chimney represents about twa thir~s 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 fiel d, HMG staff from OSCWM arrange for transportation
via lorry to Gorkha, the District Center. When the stove assembl fes
arrive in Gorkha, they are unloaded and stored at one of the HMG Oi s
trict offices. The Energy Technician for Gorkha is responsible for
storage of these assemblies until someone from a household designated to
receive one arrives to carry the stove assembly to the installation
site.

The process of selecting which households will receive the fmproved
stoves is controll ed by the Energy Special ist. He develops and maf n-

.1ns a list of potential recipient households through a series of dis
cussions with local leaders. Impressions that the Gorkha Energy iechni
cian and the Gorkha Stove Technician obtain from their fieldwork are
also important in determining which households will be approved as
recipients.

11 One source of additi0"a' information about this design is the paper by T.
Kalluppati, "Magan Chula', 1055.

•
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W~en a household has been approved, a member of that household comes 

to collect the stove assembly and transport it to the place of install:-
tion. Eventually, the Stove Technician 90es to the household lmd, -
assisted by some housl!hold merr~er, installs the stove insert and chim
ney. The Energy Technician oversees the stove installation and provides 
some i F1si:'ructi ons to househol If I!If!l'lbers on how to operate the improved
stoves. For the initial three years of the stove program, there were no
pamphlets of written instructions. Beain~ing in FY ~3/84, copies of a
pamohlet entitled "New Nepali Cookin~ Stoves ll (see Appendix 2) p'repared
by UNICEF and ADB/N were obtained and distributed by RCUp.ll No
other follow-up or extension work is provided systematically, but a few 
adult erlucation l"Ieetinas have been held in Gorkha to promote greater 
understandin9 ahout proper operatin~ techniques and maintenance proced
ures.

-

In Chhoprak Panchayat, househol d metllbers were asked reason!i for -
thei r desi re to have an improved stove. According to Bajracharya' s
report (p. 41), the aspects dealing with smokelessness (71' of respon- 
dants) and fuelwood savings (621,U were mentioned most. Other reasons
given were "because others hed it ll

(Ja~ of respondants), lI anticipated
ease and cOlltfort in the cook i ng process II (20", and IIbecluse it was new" •
and lIit miqht have potential benefits (1J". Only 9' were reported IS
interested IIbecause the government is giving it for free."

c) EvaluatinQ Stove Use
;

Bajracharya's study also includes perceived benefits and complaints
of stove users after installation. Perceived benefits were II no smoke"
(71% of respondants), IIfuelwood defin1tely saved" (54'), "fuelwoodmayb@ 
:;aved ll (37%), lI~asy and convenient" (25%), "cooks fast ll (2a" and W"easy
to wash pots and pans" (a". Complaints incl uded IIcooks slow" (50' of
respondants), "afraid that thatched roof miaht catch fire" (26", "fire
doesn't burn well" (14". and "fuelwood not saved ll (9'-') •

Investiqation of the 'lcooks slow ll complaint revealed the need for 
instruction on ~ow to cook efficiently usin9 the new desiqn. Tradition-
al chulos supply eaually intense flames to both cooking holes. In
smokeless chulos only one cookin9 hole receives direct flame; heat for 
the other is provi ded by hot gases movi ng along; the fl ue toward the 
chimney. Thus, the second cookin~ hole is not as hot and cooks slower.
However. if the pots were interchanged periodically. the slow cooking 
problem could be overco~. Slow cooking was also cause~ by SOMe users
pushing the firewood too far into the stove, thereby causing an inade
quate air supply.

11 Although an English lanauaae version of 'this pamphlet is included in Appendix
2, a Nepali version was the one actually distributed in the three Districts 
affected by RCUP.
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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·
sul t the hot exhaust flame ate away at a wooden beam agai nst whi ch the
chimney WIS resting. The beam was starti n~ to smoke and catch on fi re
when the household head detected the problem. A considerable amount of
convi nci ng (vi a assorted dernonstrat1 ons) was reQui red to ca1m users I

fears about the potential fire hazard of the improved stoves.

A follow-Uf study by Karen Roesing1/ in December 1982 and
February 1983 a so 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 58S of the sample; 42S were not
using the new stoves. Nearly 72S reported having and using an
agena,2I especially in preparing feed for animals, distilling
alcohol, making tea or snacks, and keeping warm during the cold season.

I

Users I perceptions were that the new stoves required a longer time
to cook meals (63't of respondants), but they resul ted in the same or
greater convenience (6AS) and yielded fuel savings (50S) compared to the
traditional chula. Most respondants also answered that adequate light
and heat were produced by the new stoves. Poor promotion and extension
effectiveness was a complaint of 65' of the respondants.

Only 30S of the households surveyed had stoves which did not require
repairs of some type. Ne~rly two thirds of the new stoves exhibited
breaks or cracks. However, most of these tjamaged chulos were st~ll

functioning effectively.

All 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 households sampled had never, or only infrequently, cleaned
their chimneys.

d) Implications for Benefit-Cost Analyses

The observati ons from Baj racharya I s and Roes i"9 IS studi es suggest
several paths for investigation through benefit-cost analysis: .

.....

(1) Alternative PricinQ Policies -- Since the chimney comprises
about two thirds of'the total cost of purchasing a stove assem
bly, the households receiving smokeless chulos should probably
be reQui red to absorb a large fraction of the cost for the

:~/

1

1/ See Karen Roesing, "Early Progress of the New Stove Program in Gorkha: Report
to the RCUP II

, unpublished paper, December 1983.
2/ 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 i5 that the household members capture
almost all of the ben~'1ts produced by chimneys, i.e., improved
health. Although the household captures all fuelwood savings,
it shares many other benefits (less soil erosion, less time for
gathering fuelwood, increased fodder) from decreased fuelwood
consumption with society as a whole. ~ound public finance
theory would suggest, therefore, that Nepalese households
shoul d receive s1 gn1 fi cant subs1 dies for accept1 n9 and us1 ng
the improved stove inserts, but !'lIch smaller subsidies should
be given for chimneys.ll

(2) A Stove Extension and Repair Program -- The high incidence of
cracks and breaks in the improved stoves, as well as the s1g
ni ficant fraction of those installed which are not be1 ng used
frequently, suggest that t~e introduction of a syste~t1c pro
gram of repair and 1nstruc~1on in proper maintenance and opera
tion might yield an impressive flow of net benefits. A re~air

program 'Hill probably be a cost effecthe a'lternat1ve to in
stalli ng a new stove. Such a program pro",1 ses to extend con
siderably the economic life of the new stoves, which currently
is esti~ated to average approximately five years.21

(3) Manufacture of Stove Assemblies in Rural Areas -- In the early
days of the stove program in Gorkha, local artisans were
tra1 ned to manufacture stove inserts and chimneys. This ap
proach was discontinued in Gorkha but is be1no ut111zed in
Myagd1. 31 Further analysis might reveal net ·benef1ts fro,"
either expanding production in Myagt1i to supply all districts
from that source, or manufacturi ng improved stoves in Gorkha
and Mustang as well as ~agdi.

(4) Test Additional Desions -- Household complaints about various
aspects Of the M~gan stove and its chimney suggest that addi
tional experil'lent~tion is required with respect to design.
Incremental benefits and costs should be estimated for alterna
t1 ve des1 gns ,such as iron ri ng stoves and improved access to
chimneys for cleaning.

2. Benefit-Cost Analysis of Improved Stoves ProQram

al Description of Installations in Each District

The distribution of improved stoves w1th1n Gorkha District has con
centrated on ~:hhoprak an(f Gorakhkal1 Panchayats. In ~agd1 D1str1 ct the

11 A caveat, of course, is that households might not want to switch to using
improved stoves unless they can receive ttle smokeless benefits produced by
chimneys.

21 See Campbell and Bhattarai (1983), p. V-l7.
31 This experience is discussed in Section b(l).

"I
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Progrl. begin in Beni, but mor~ recently the area near Arghunge has been
emphasized. With respect to Mustang District, the program began in
MUktinlth, but more racently has concentrated on Jomsom, Lete, and
Marpha.

Compared to Gorkha, the special problem presented by ~agdi is high
transportati on cost. The cost is Rs. 44 to transport a prefabri cated
stove assembly from Kathmandu to Polthllra; an additi anal Rs. 200 is re
quired to move it on up to ~yagdi. ~e 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
assemblies can be maintained at an acceptable level, 'they will clearly
be a cost-effective substitute for purchasing them in Kathmandu. Fur
ther, breaka~e loss will almost certainly be reduced. The FY 8J/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 G~rkha has
proved unsatisfactory, since it gives off little heat. Con~equently,

all the stoves installed during FY 83/84 were iron-ring chulos with
chimneys. The iron-ring chula 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 chula is a traditional nud
chula with concentric iron rin~s inserted over the cooking holes. By
varying the number of rings the size of the cooking ho,ll can :>e made
larger or smaller, thereby providing a tighter fit for pats. This abil
ity to provide a tighter fit means that the fuel efficie~cy of the iron
ring chula with chimney is about the same as the Magan design. A six
ri ng set costs Rs. 360 in Kathmandu, and Rs. 160 is thf! average cost of
transporti ng it from Pokhara up to Mustang. Thi s level of cost means
that the investment required in Mustang (Rs. 520 for iron rings plus the
cost of constructing a nud chula and the chimney) h 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 th~ stove assemblies; transportation, first to the District Centers,
then onward to the recipient households; installation; and adlllinhtrl
tion/extension.

-
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(1) Production of the Stove Asse~l1es

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 amount
of foreign exchange is involved in the manufacturing process.1I
Loca1 clay is the rna1n raw material, 1oca1 potters provi de 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 price of the complete
stove assembly. inclUding chimney, is Rs. ao, and the wholesale
price is Rs. 48.

Since the stoves being distributed in ~agdi are now being made
nearby, they would have essentially zero forei~n exchange component
in their manufacturing process. Prior to local manufacture. prefab
ricated stove assemblies were carried in from Kathmandu. Production
cost jor wholesale price) near Myagdi is 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 Oi strict depended on stoves brought fro", Kathl!ll1ndu up
until FY 83/84. Then the switch was made to prol'lOt1ng iron-rings.
The fran-rings are manufactured in Kathmandu at a retail price of
Rs. 360 per six-ring set. Approximately one-third31 of the
total manufacturi ng 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.
29 each, which is paid for by RCUP. Of that total. approximately
63' or Rs. 18 represents foreign exchange operati ng costs of the
lorry. the remai nder bef ng the dri ver I swages. Porterage costs of
moving the stove assembly to the recipient household is borne by
that household.

1/ See Community Forestry Development Project. Field Document No. 10. "IntrOduc
tion of Improved Stoves for OOl'lestic Cooking in Nepal," (July 1984). Chapter
I. page 25. for a summary of production cost components.

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

3/ Based on testimony of tr~ QCUP Energy Specialist.
4/ The cost estimates in ~." S sect; on are based on RCUP records kept by the

Energy Specialist.
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Lorry transport of stove assemblfes from Kathmandu to Pokhara
(the stagfng point for porterage to ~agdf and Mustang) costs Rs.
1,329 for an average load of thirty stove assernblfes, or Rs. 44
each. Of that total, approximately 61$ or Rs. 27 represents foreign
exchanQe operating costs of the lorry, the remainder be1 ng the
dr1 ver 1swages. An addi ti onal Rs. 200 per stove 15 the cost of
porterage from Pokhara to Ben1, the District Center of ~agdi. How
ever, if the stove assemblies are manufactured in nearby Parba Dis
trict, porterage cost is reduced to Rs. 80 per unit.

Iron r1nqs for Mustang must be transported by lorry from
Kathmandu to Pokha ra. The average cost per sh-ri"9 set 1s 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/Myagd1, less than l' 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 1s hi gh (100~ for Parba 01 str1ctl
Myagdi, 99~ for Kathmandu/Jomson, and 82~ for Kathmandu/Myagdi). It
is important analytically to estimate the fractions of total costs
whi ch are fore 19n exchange and unsk 111 ,'d 1abor components s1 nce.
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 househol ds provi de self-hel p porterage to transport the stove
assemblies. Since the timing of this activity is decided by the
hou~ehol d, the logical assumpti on is that the sel f-hel p porterage
occurs at an off-peak time with respect to household labor require
ments. Thus, the social opportunity cost of this activity is proba
bly zero.

(3) Installation in the Household

Ar. indicated in the case study of Section C.l.a. the costs of
installing the stove assembly is shared between RCUo dnd the recipi
ent household. The labor input of the stove technician from RCUP is
paid by the project. He actually performs the skilled labor of in
stalling the stove 1nseFt and ehimney (OF theiF'on i'"1n§s in the ease
of Mustang). The household ~mbers 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 constructi nQ 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.
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(4) AdMinistration/Extension

Again, the case study discussion describes the labor inputs I)f 
the RCUP Ene~gy Specialist and Energy Technician, the costs of whi~h

are paid by the project. Essentially all efforts of the individuals _
have been concentrated on pro~ting the adoption and use of the new
stoves. Only insignificant efforts have been expended on extensio~

activities in the areas of stove and chimney maintenance and repair.

(5) Other Potential Costs

Various other cost categories are alleged to accompany the use
of the improved stoves. One hypothesis is that the reducti on in
smoke causes an increase of tenni te infestati onJn beams and other _
construction materfals made from wood. One count-er claim is that
termites only damage green wood; dried wood or WQ01 in older houses _
shaul d nct be affected. 1/ Others assert that sufficient smoke
is released during the colder months, when an ~pen fire is used for
warmth, to keep termites away even if 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 chula.

Increased labor for wood splitting is another hypothesis. The
improved chulos requirl smaller pieces of wood, so more time will be
required to reduce large pieces to the appropriate size. A counter W
argument is that this potential increase in wood splitting effort is 
probab1y more than offset by the one-thi rd or more savi ngs in fuel
wood consumption which results in decreased demand for splitting
wood.

Finally, increased cooking time of the new stoves is alleged to
reQu ire more 1abor by the women of the househo '/ d. This arglJment can 
be rejected easily, since many other activit~es can be unt:ertaken
during the longer t~Me the fotd is cooking.

None of these potential cost categories appear to have suffi - _
cient empirical evidence to support their inclusion as 1egitimate
incremental costs. As a result, this analysis will be c=oncerned
only ~1th 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. Y6t the s"'okel ess characteristic of the fmoroved 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 savinas in
fuelwood consumption are contai ned in the July 19R4 report of the
World Bank's Community Forestry Developm~nt Project (CFDP).11
That project is promoti n~ and install ina a stove desi gn sil'l1 1ar to
the imoroved stove beina distributed by RCUP. Its fuelwood savings
estimates, because of this technical similarity, would seem to be
applicable to the households usin~ new stoves ~istributed by RCUP.

The CFDP rp.port21 estimates that fuel wood savinqs per in
stalled new stove ran~e frol'l 462 to 1,088 kq annually. The mean
savinas estimate is 735 kg 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 is 30~.

The fuelwood savings estil'lste in the July 1984 report is 20'
higher than the average savi n(l" of 609 k~ per househol d per year
reported by CFDP one year ear h~r. No explanation is offered in
this yearls report regarding the increased savings. This discrepan
cy suggests that our estimates of net be~efits should be tested for
their sensitiv'lty to lar~e differences in estimated fuelwood sav
ings.

Within the RCUP geographic area, Roes1ng's31 survey re
ports fuel wood savings percentaaes which are rouyhly the same as the
30' recorded by the CFDP report. Roesi n9' s 19A3 survey also esti
mates average fuelwood sav1nas at 5B9 ko per household per year.
This estimate is only 3' helow that reported by CFDP for 1983. Th~

difference, 19~4 vs. 1~f'3, could reflect movet'tP.nt alon~ a learning
curve, but there is always the alteruative explanation of errors in
measurement or sampling.

No estil'la+'P5 hav. bP.p.n ~de of the fuel effic~ency of iron-ring
stovos. The testimony of users in the ~stano District is that the
iron rings generate the same quantity of fuelwood savings as "'aaan
stoves due to the tighter fit around cooking pots. Studies need to
be carr'ted out to test this assertion.

Reg!rd1n9 the economic yalue of fuelwood saY1n~S7 the study by
Campbell and 8hattarai (19~3) reports an average ~rket value of Rs.
11. 25/Bhar1 (25 kg • 1 Bharf) .41 That estimate would apply to
Gortha District. RCUP fiQ!ld checks in I~R4 confirmed the validity
of that valuation.

II See COmMUnity Forestry Opvelopment Project, Field Document No. 10, Ope cit.,
Chapter IV. p. 65.

2/ Ibid.
31 ~oesinq (19~3), p. 8, Ffaure 1.
41 See Ca~bell an1 Bhattarai (lq~3), p. V-17.

a,
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In ~3gdi the average price of fuelwood is estimated to be Rs.
18/Bhari based on RCUP fiel d checks in 1984 and fiel ci raports in
1983. The prices range from R~. 45/Bhari in Beni 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 avera~e price of fue1wood is estimated to be Rs.
29/Bhari, according to an RCUP field check in 1984. This average r~

spans low estimates of Rs. 25/Bhari in the south near pine forests
in Ghasa and Lete to Rs. SO/Bhari in the north ~ear Jarkot where a
four-day trip might be required to collect a Bhari of fuel wood.

(2) Decreased Smoke Inhalation and Irritation

All studi es of users' pf:rceptions about the improved stoves
report decreased smoke in the household as the most beneficial char
acteri sti c. Quanti fication of benefits from smokeless'ess depends
upon two types of data: measures of the quanti ty of smoktl1 and of 
the decreased incidence of morbidity and mortality. Neither ~pe 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 smok~ 
intensity measures, in households using the traditional ftld chulos 
compared to those usi rig improved stoves, will provi de the fi rst
auantification 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 stoVf~S in Nepal have
focused on the pay-back period -- how rapidly the cost of the stove can
be repa1 d by fuelwoo~ savings -- and on thei r cost-effectiveness com
pared to the alternative of supplyin~ additional fuelwood by establish
ing fuelwood plantations. Ca"'Pbell and Bhattarai (1983) conclude that
"the cost of the stove (Rs. 70-Rs. 15 with installation and transporta
tion) is repaid within three months of 'average use."2/ They go on
to cOlrlPare the costs of establishing and protecti ng a fuelwood plantl- _
tion (estimated to be Rs. 37.50/ton Of fuelwood produced over a 2i)-year
lifespan) with that of saving a ton of fuelwood by distributing improved ._
stoves (estimated to be Rs. 24.00/ton assuming a five-year lifespan).

1/ At the time this study was typed, Holly Reid's data on smoke pollution in
Nepal's households had rlot been analyzed. ;i;-

2/ Campbell and Bh~ttarai (1~P31. p. V-17. ~~
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Their f1nll observ~t1on is "If the lifespan of the stove can be in
creased, or the de~ree of avera9!! use per househol d increased, this
figure could be further improved.It

There are three major problems with the Campbell and Bhattarai anal
ysis. First, the costs of designing and administering the stove proqram
have not been included, thereby understating the length of the payback
period. Second, their study does not indicate wheth!r the cost compari
son is based on the present val ue of comparative costs (discounted over
the indicated lifespans at an appropriate discount rate). If not~ other
biases are introduced, the 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 ass~mptions with
respect to fuelwood savings, fuelwood price, and other key variables.

Some of these shortcomings~re 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. (1.33. Using the more realistic cost of Rs. 0.50 per
kilogram of fuelwood, the stove pays for itself in one year ev~n if 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 (1100% overhead cost for running the prograllll'le" provides an
acceptable meas,ure of that cost component. The implication of their
statement is th~t they are estimating overhead as 100' of the cost of
purchasing, trans~orting, and installin9 the stove. If so, their esti
mates of overhead cost is too low. As will be demonstrated below, the
overhead cost of ttle RCUP program is IIlJch hi ~her than Fuel wood savi ngs
in the initial year~ of the RCUP improved stoves progra",. Since the
CFDP has an overhead structure which is rou~hly similar to that of RCUP,
the true overhead cost. of CFDP is probably ITlIch hi gher than that as
serted in thei r Fiel d Report No. 10. In cases where the costs are
higher than the benefits in the ini1:ial years (which is the typical case
for development projects}, the payback period will usually be several
year!:. That situation requires that the present values of the streams
of benefits and costs be calculated (using an appropriate discount r~te)

over the lifespan of the improved stoves.

1/ Ibid.
21 Corrmuni ty Forestry Develooment Project, Field Repo,rt No. 10 (July 1984), p.

64.

=
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Another probl em with the Campbell and Bhattarai study ~nd the CFDP
Field Report No. 10 is that they do not analyze the e~ti~ated net bene
fits from initiating a stove repair program. In CFDP lield Report No.
10, they recoQn1ze the potential value of II repair progrltm by stating
that "consideration should be given to arranging that the replacement of
broken parts and the1 r correct instlll1ation will be the responsibility
of the recipient household. To facilitate this, the stove installer
should have easy access, on a commercial basis, to stove components for
replacement. A~a1nst payment, he could then ~ss1st all recipient house
holds with repairs and ma1ntenance."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 sect1un analyzes the costs of operating the RCUP il'lProved stoves
program during FY 80/81-FY A4/85 and the benefits attributable to fuel
wood savings over the lifespan of the stoves actually installed through
FY 83/84 and targeted to be installed during FV 84/85. The second sec
tion assesses the net benefits to be yielded by a stove maintenance and
repai r proaram. The thi rd secti on eval uates hea1th benefi ts, and t:he
final section presents our recommendations for adjusting targets ~n this
RCUP act1v1 ty.

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

Detailed estimates of benefits ant! costs by If1G f'scal years,
FY 80/81 throuqh the lifespan of the stoves, are presented in Appen
dix 3. ~",portant assumptions used as the basis for Quantifying
benefits a,d costs are summarized below:

(a) fuelwood savings per installed stove are estimated to
average 735 k9/year;

(b) the averaae price of fuelwood is estimated to be Rs.
O.44/kg in Gorkha, Rs. O.72/kg in MYa~d1, and Rs. 1.16/~g

in Hustang;

(cl the prfce of the stove assembly (including the stove in
sert, the chimney, and other sma1i parts) 15 Rs. 80 for
stoves installed in Gorkha (~nufactured in Kathmandu) and
Rs. 100 for stoves installed in Myagd1 (manufactured in
Paroa District, S~heijt 01 Ben1); the vrice uf a set of I··
six iron rinQs (manufactured in Kathmandu) for installa
tion on tradi'tional IIIId chulos is Rs. 360;

•(d) the 11 fespan of improved stoves and iron r1 ngs is esti-
mate~ to be 5 years ~nd 15 years respectively;

1/ CFDP Field Report No. 10. p. 34.
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fe) transportation of stove assemblies to District Centers is
via lorry from Kathmandu to Gor~ha, via porter from Parba
District to Beni (Myagdi), an~ via lorry fro~ Kathmanrlu to
Pokhara with onward portera~e to Jomson (Mustang)'

(fl transportation of stove assemblies ~nd iron-ring sets from
Distr1ct Centers to the installation site is via porterage
arranged or performed by the recipient household;

(g) installation is ~ccomplished by RCUP technicians with some
lahor and ~terials beinq provided by the recipient house
hol ds.

RCUP pays for the stove assell'lbly (or iron ri ngs >. transporta
tion to District Centers, and the time required by stoYe technicians
to install the new stoves or 1ron rings. Recipient ~u~eholds con
tribute installation materials (clay, water, bricks~ and assist the
stove technician durin~ installation.

These as~umptions. and others descri bed in the footnotes to
Appendix 3. are the foundati on of our estimates of benefi ts and
costs. Panel I of Appendix 3 presents estimates of benefits -,. the
value of fUE-lwood savings -- for each rlfstrict by groups of stoYes
installed in a particular HMG fiscal year. An estimate of benefits
1s mattp. for each year 1n the assumed five-year 11 fespan of each
group of stoves. SUllfl111 ng across all ~roups gives total benef1 ts
estimated for that district in each fiscal year.

Costs are su"""ar1 zed in Panel II of Appendix 3. Conlsfstent
with the or9anization of th~ estimates for benefits. costs are pre
sented for each district by HMr, fiscal year. This procedure facili
tates comparisons of economic e~ficiency not only across districts,
but also by year 1n which the stov~~ were installed. The ability to
compare perfo~ance across districts is important since ttifferent
sources are used t.o supply stoYe parts for each district. and since
fuel wood prices are different in Gorkha, Mya9di. and Mustan~. It is
also useful to 'compare performance by installation year since
<tifferent numbers ofstoYes were installed in each f1sca'/ year.

Panel III of Appendix 3 translates the Panel I and II estimates
of benefits and costs into present values with respect to FY 80/81,
the be~inni ng yea r of RCUP. Discount factors are based on an as
sumed 101 per year social opportunfty cost of" capital. This rate of
interest is used by the World Bank in its economic an~lyses of Nepal
projects. Calculations of present values permits tI"e su"",ary of
lIenefits or costs across years to arrive at an est1\~ate of net
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ben,efits, 1.e., benefits/costs, which is the theoretically superior
measure of economic eff1ciency.1/ Panel III 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 chan~es in
the values of key variables. Changes in assumptions about fuelwood
savin~s, fuelwood prices, a"d the lifespan of improved stoves are
examine(i. 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), ba~ed on Panel III in Appendix 3, is pre
sented in Figure 111-1.

Although Figure 111-1 shows ne~ative net benefits for the ini
tial years of the RCUP, the positive net benefits in subsequent
years are sufficiently 1ar~l! to result in overall positive net bene
fits, and BIC ratios which exceed La, in all districts under the
or1 (2i na1 set of assumpti ons. This resul t is presented as the "Base
Case" in Table 111-2.

From these positive values of benefits/minus costs the r~nclu

sion follows that the RCUP intOroved stoves proqra", represents an
effic1ent allocation of resources in all three districts. Further
more, this conclusion is generally robust even when confronted by
siqnificant and a(lverse changes in est1:!~tes of benefits:

** if fuel wood savinas decline to 4622/ kg/installe~
stove/year, a decrease of 37' vs. the 735 k~ assumed in th~
Base Case, net benefits are still positive and B/C ratios
still exceed 1.0 in all districts;

** if fuel wood prices are 25' 10wer3/ than in the Base
Case and fuelwood savin~s decline to 462 kg/installed stovel
year, net'benefits rem~1n positive in Gorkha and Mustang but
become slightly negative in Myagdi.

11 A discussion of alternative measures of economic efficien:y appears in
Chapter I.

2/ The 51 gnff1clnce of the 462 kg estimate is that it is the lowest fuelwood
savings est~mate in CFDP Field Report Nn. 10, Fiqure 13.

3/ A 25' drop would chanae the flJelwood price in Gorkhl from Rs. O.44/kg in the
Rase Case to Rs. O.33/ka, which is the lowest price examined .in the CFDP
Field Report No. 10, p. 64.
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PV of Net Benefit. (B-C) in '000 Re.

GORKHA

::A.-I

.
HMG Fiscal Year

PV of Net Benefits (B-C) in '000 Ra.

+60

+40

+20

o

-20
87/88 89/90

MYAGDI

HMG Fiscal Year

PV of ~.t Benefits (E-C) in '000 Rs.

+60

+40

+20

o

-20

~STANG

-' HMG Fiscal Year

87/88 89/90 91/92 93/94 95/96 97/97 99/00

FIGURE III-I

PRESENT VALUES OF ~ET BENEFITS FROM FUELWOOD SAVINGS: Reup
IMPROVED STOVES PROGRAM IN GORlCHA, MYAGDI, AND MUSTANG

)
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TNI.E III-2

ElXHMIC EFFICIOCY (J' JnP IMJRnYm STCM:S
PfmW1 BASED (J4 F't.EJJIXD ~VlNiS

EFFICIOCY ft£ASlH:S

1. I3asP. Case
A. PreSent Values (a ia10t Year:

1. Benefits
= 2. Costs-- 3. Benefits-Costs • , •

B. Ratio. BIC 2.!1 1.69 2.15

II. If Fuel~ Savings are 462 kW'(ear
A. PreSerit Values (3 ialOi/Year:

1. Benefits
2. Costs
3. Benefits-Costs • • •

B. Ratio. BIC 1.49 1.<:6 1.35

III. If Fuel~ Savinqs are 462 kg and
-" Fuel\fliJOd Prices are 25't Carer

A. PreSerit Values @i-lot Year:
1. Benefits
2. Costs

- 3. Benefits-Costs , , - ,
-

B. Ratio. BIC 1.12 0.00 7••02

IV. It' LD of Stoves is 3 Years
A. Values @i-1Ot/Yeer:

1. Benefits ."

2. Costs ."

3. Benefits.(osts • •
B. Ratio. BIC 1.00 1.28 ."

-
." Indtcate not applicable since inJ1 rings are used in flbstang.

-

..-
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*. if the lifespan of the improved stoves is reduced to three
years, compared to five years in the Base Case, net benefits
are still positive in Gorkha and Myagdi (Mustan~ is excluded
because iron rings are being installed there instead of
improved stoves.

The payback period was the economic efficiency measure used in
the CFDP Field Report No. 10. That study reported payback period of
less than one year for improved stoves which are al~st identical to
those beinQ distributed by RCUP. Proble~$ with the CFDP analytical
approach were discussed earlier. Presented in Table 111-3 are esti
mates of payback periods for the RCUP program.

Only one of the payback periods (tar!Jeted F't 84/85 stove in
stallations in Gorkha District) is 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 exceerl one year. The clear messa~e frOM this analysis.
therefore, is that payback periods of less than one year are proba
bly incorrect. A more realistic esti~ate would be 1.5-2.0 years or
hiaher. The outCOI"e 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 hi ~h payback peri ods for FY 81 j.Q2 and FY 82183 in Myagdi
and for all fiscal years except FY 84/85 targets in Mustang suggest
that considp.rable inefficiencies in ",anaCletntant 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. Clearly the level of activity
in FY 81/82 in both districts and FY ~2/~3 in Mustanq is economical
ly inefficient from the perspective of fuelwooct savings: the payback
periods are infinite, i.e., there are insufficient benefits being
generated to pay for the costs involved. New taraets should be set
at !'tOre economically efficient levels, at. least 20 or more stoves or
iron rinas installed per year.

The results reported in Tahle 111-2 were tested for the sensi
tivity of the measures of benefits and costs 'to converting the mar
ket prices to "shadow prices" fo'(' forei~" exc:r.anQe and unskilled
1..~-...", 1--u"'- "n-·' "·""'e ,,-_... '" "5 """-".. "'- .. .c"". 5......._··· -"'1-1n- AtGuvr up '-:I. M r e~' ''If r u, 'mpa", "" r ...pvr >.eu l u. nGUUW fir "" 'f v
fO'feiqn excnan!1e, since it represents such a $l11all percenta~e of
total cost!l.l/ Although unskilled labor represents a high per
centaae of ~ome cost components (porterage and household labor to

1/ The most si~"1ficant fore;C1n exchange cost would be manufacturinQ costs for
iron rinas, est1matec1 tJ contain one-third forei~n excha'1ge costs; but that
is less than 10' 0' tot~l costs of installing iron rings.
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TMLE II!-3

t£T IIlIFITS STR£J+1 NI) PAYBACK PERIm BY INSTIlLATICJ4 YFAR

PV (J' t£r COSTS PV (}" BEtlFITS
INSJAUATICJ4 IN INSTAl.1.ATIOO OYER STOVE t£r ~, RATIO, PAYIW:K

YEAR YEAR LIFESPPH r:'woC SIC IN YEMS

A. (ior1cha
1:-1V 81/82 (64,619) 136,399 71,700 2.1 1.6
" f'Y ~/83 (lJ,826) 65,545 34,719 2.1 1.5~..
~I. FY 83/84 (59,])7) 104,673 45,366 1.8 2.0
4. FY 9V85 (66,007) 219,578 152,m 3.3 0.8

S. '~
~ • 81/82 (17,459) 11,159 (6,Dl) 0.6 GO

:~. FY 82/83 (27,385) 28,988 1,603 1.1 4.4
:3. FY 83/84 (38,642) 89,597 00,955 2.3 1.4
j~. FY 84/85 (45,675) 88,628 42,953 1.9 1.7

C. ItJs~
1.81/82 (26,~) 17,900 (8,926) 0.7 aD

;~. FY~/83 (13,832) 7,006 (6,A26) 0.5 eo
:3. FY 83/84 (19,R38) 46,253 25,415 2.3 4.0
I~. FY 84/85 (27,226) 118,836 91,610 4.4 1.8
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assist installation), it too cO"'Prises a\ low percentaae of total
installation costs. ConseQuently, shadow pricin~ of unskilled labor
also has a nealigible effect on esti~ates of costs.

(2\ Net Benefits fro~ a Stove Maintenance and P.~oair Proaram.

None of the stove i~rovement programs in Nepal has a formal
proaram for mai ntenance and reoai l' after the stoves have been in
stailed. lI Yet the consistent testimony froln survfYs '01' users
of the improved stoves is that Q~ or more of the new stoves are not
being used hecause they have been cracked or broken. 2/ Fur
ther, 60~ or more (j~ install ed stoves se~m to have some sort of
break or crack after C~!! year of use, even thouah most of those
stoves are still bein~ usad. 3/ ~

The potential net benefits from a stove maintenance and repair
pro~ram, therefore, are likely to be larae. A rouqh esti~te of the
benefits and costs 0' such a pro~ram is presented in Panel IV of
Appendix 3. These estfmates ~re 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 work i n~ day, or an averaoe of 360 stoves annually
based on 180 workina taays per year;4/

(c) an average of two visits per stove per year will ~robably

be re~uired for both stove repair and chimney clean
in~;4/

1/ The stove technicians associated with the RCUP prOQrarn have done small re
pairs and cleaning of chimneys in the context of helpin~ take surveys ahout
stove use. The CFDP and 'che Appropriate Technology Unit of AD~/Nepal have
concentrated. 11ke RCUP, on prolltOtion and frlstallation. ,

2/ See CFDP Field Report No. 10, Tables 7 and 8, for the most recent (July 1~~4)

evidence about damaqed stoves. Table 7 reports an avera~e of 31' of imp~oved

stoves not ~s.d after havina been installed for one ye~r. Table 8 reports an
a'4t:;'~~ 0' ~9! of respondants ~o ~re r.ot us1n~ th~1 r ~\:;! stct:O: ~c s~1 d
the reason fOf nQn-use was that the st~v. was broken or cracked. Therefore.
9' of new stoves instal led were not beinq used due to being broken or
cracked.

3/ The study by Campbell and Ahattarai (1983) reported 60' of installed stoves
were cracked or broken (Table 3); Roesinq (1983) reported two thirds of i,,
stalled stoves with so~e tyoe 0' break (Fiaure 3).

4/ Estiml~es by r.CUP eneroy soecialist.

1
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(d) benefits would be (a) for stoves which are currently in
use, extend1 ng the averaqe 11 'espan by three yelJrs as well
as e11minatin~ half of the 10' per year annual deprecia
tion of benefits assumed in the Base Case, and (b) fol"
stoves which ~re installed but are not now beina used
because of damage to chi",neys or inserts, putti ng' these
stoves back into service.

Based on the 344 stoves installed in Gorkha through FY 83/84,
and assuminq lO~ 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/A6. The total personnel re
quired, therefore, would be approximately 3.5 stove U!chnicians and
a half-time energy technician as a supervisor to op-arate a stove
maintenance and repair program in Gorkha District.

Similar calculations yield estimates for one stove technician
and II half-time ener~ technician/supervisor to operate a stove
m,i ntenance anft repai r progra", in Myagdi for the 169 new stoves
which will have been installed by ttl" end of FY 84/AS. The hal'..
time energy technician/supervisor required for both ~agdi and
Gorkha could be satisfied by one individual who would cOlllllUte be
tween the two rl1stri cts. No personnel are requi red for Mustang,
since iron rings installed on t ....aditional mud chulo~ are being dis
tributed there.

Operati ng costs ~re assumed eauival ent to sal.\~·~ as and travel
costs for FY 84/A5 in the Base Case, but enlarqe~ r,H"I,lllCirtionate to
the lar~er she staff. Cost estimates are not t"~~juced in later
years, even though some depreciation will certair-,'ly occur in number
of stoves being used, since any reduction in staff size (due to
fewer stoves) is assumed to be offset by increasing expenditures on
replacement parts.

The economic e'ficiency measures esti~ated for the stove main
tenance and repair program are summarized in Table 111-4.

Although the stove maintenance and repair progtam would be an
efficient allocation of resources under the assumption of the Base
Cas~, the opposite conclusion would follow if fuelwood slvir.gs drop
down to 462 k9/year per installed stove. The program beCOMS even
more inefficient if fuelw'l1od pr~ces were to drop 2S' belOW the Base
Case, as shown in Case I!.

Of course the results presented in this section consider fuel
wood savings as the only s~urce of benefits. The other ll1Iin
sour~~ -- health imorovement ~e to decreased smoke -- will be anal
yzed in the ne~t section. Fur+'her, the stove maintenance and repair
proqram may hnv~ d more significant impact on fup.lwood savings than
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~ TABLE 111 ..4
J

ECON~~~, EFFICIENCY OF STOVE MAINTENANCE AND
REPAIR PROGRAM BASED ON FUELWOOD SAVINGS

---- --'
EFFICIENCY MEASURES

I. Base Case
A. Present Values ~ i·10~ Year:

- L Benefits 240,396
2. Costs 192,~81
3. Benefits-Costs ,"5rr'· ,

B. Ratio, BIC 1. 25 1.40

II. If Fuelwood SaYin~s are 462 kglYear
and Fuelwood Prices are 251 lower
A. Present Values P i-lot Year:

1. Benefits
2. Costs
3. Benefits-Costs , ,

B. Ratio, BIC 0.59 0.66

III. Same As Case II With Visits To
Rouseholds Reduced to Once Annually
A. Present Values B f-lOt/Year:

1. Benefits
2. Costs
3. Benefits-Costs , ,

B. Ratio, BIC L18 1.32
-.
-

~.

./

;
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the aSsullIPtfons made hel·ein would suqges~. More likely is the pros- r
pect of reducf na househo1ct vis its to an averaqe of once annua11 y•
Thi s resul t mi ght be af:hi eved t"rougtt adul t edL:cati on pr09rams de-
s i gne~ to induce hOUSf!ho1ds to perfo"" at 1eas t hal f the rQpai rs
(especially ch1",ney clf!aning) thefllselves. If this could be accom- _
pHshetf, the pro~ram ,~ould yield positive net benefits again, as
shown in Case III of Table 111-4.

(3) Quantification of Health Benefits

As already noted 1 sianificant re~uction in th~ a~unt of smoke
is the most attractive aspect of improved stoves fro~ the viewpoint
of users. Unti 1 recf,mtly, there have been no datawhfch might be ~

used to quantify the benefits from reduced smoke pollution inside
Nepali households. SECID's Center for WOfllen in Development sponsor-
ed a fellowship for ~Is. Holly Reid to collect data or; smoke exposure
in Nepa11 household!i during July-Decelllber 1984. Ms. Reid is now
analyzing the data !.he collected. Her N!~ults ar" expected to be _
available in the spring of 19A5.

Her pre11 mf nar)l 1'1 nd1 ngs hold Gut the I1romise of si gn1 f1 cant
benefi ts be1 nq real'fzeet from reduced smoke pollution inliide NepaH
houses:

"Carbon monoxide results were i~diately Ivaflable upon l'

the completion of each household test. Preliminary averaging 
indicates that the new stove results only sl i~tly exceed the 
World Health OrQanization (WHO) standard for allowable exposure
to CO for a one'hour period of 35 parts Der million (pp",.) CO 
resl.~lts from old stove tests qreatl.l exceed, on order of magni
tude, even the higt'test allowable occupational health standard 
(United States) of 50 pp", for an ei~ht hour wnrki"~ day. These
results alone siQn1fy that the new stove chimney functions t.o
hel p r1 d the inlioor cooki n~ envi ronl'lf!nt of very lar~e tluanti
ties carbon. monoxide, .iust one harmful constituent of smoke ~_

produced thrOll9 the burnin9 of biomass fuels." l1

Reid's preliminary findings also add evidence that health bene
fits fro~ reducerl s~oke exposure are perceived as being the highest
priority benefit from RCUP's f~proved stoves:

1/ From Holly F. Reid, "An Evaluation of RCUP's Improved Stove Program with ~

Special Emphasis on Smoke Exposure and Its Heal th lmol'lcations", Pre1fminar.v
Summary of Observations anrl Reco~endltfons, July-Decemb~r, 1984, p. 4.
Analyzed data results will be avaflable through RCUP in early lQS5. Initial
resul ts measured carbon .l"Onoxi de at an averaQe of 60 ppm for the improved
magan stoves heing distrihuted hy RCUP compared to 1,000 ppm for traditional 
chulos! (Ohtainec1 fro'" Yol1y Reid in personal cOl'l'1unications.)
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-All n~f stove households claimed there was a very signifi
cant decrene in the al'lt)unt of sl"Oke in the cooking area due to
the installation of the chimney. More than hal f of both new
and old sto~e owners also stated that their first rriority for
wantin~ th~ new stove was for smoke savinas. (Fuel sav1nQs was
most often declared as their second priority.) Health problems
associated to exposure to too much smoke included: asthma,
weak eyes, diZZine!s, headaches, "chest paints", inflamed eyes,
runny f,ose clnd cough1 na. Many househnl ds di d not make a di rect
correlation between smoke and health problems,-WOwever. Only a
few respondents t11rectly attributed a particular 111 to the
smoke, such as: cou~hing up black mucous, ""'cous fonnat1on
around edge of eyelids, and chronic coughing, tear1nq and head
aches durina the cooking hours.ll

The l1keHhood appears to be large, therefore, that the im
proved stoves wi 11 be able to chi", benefi ts due to decreased mor
bidity and consequent 5avings in productive time. Quantification of
these health benefits will be included in the ffnal version of this
study.

(4) Implications for Adjusting Targets in RCUP

The results of our benefit-cost analy~is as summarfzed in Table
III-2, generally cnnf1nn the positive fi"ct1n~s frolll the Co"""m1ty
Forestry Development Program _,1th respect to the economic efficfency
of distributina improved StC'VIS in Nepal. Our recolIIIN!ndatfon,
thereforPo, is that these targt~ts should be increased. The t11stribu
tfo" of the irnorovl!d stoves by PCUP exhibits such hf~h 8/C ratios
that even a douh1fn~ or triplfng of the volume of stoves beina dis
tri bute~ woul d be unlikel)' to bri na RCUP into the area where costs
would start to exceerl'benefits.

i'here are several 1mporta.nt caveats. however:

(a) An'impl'fcat1on of Tabl. III-3 15 that RCUP seel'ls to have
used, inefficient ways to distributa improved stoves in FY
81;82 for ~a~di and in FY 81/82 an~ FY 82/83 for: Mustana.
The estimated net present value of b~nef1ts minus costs is
negative for each of those 51 tuat; ons. Thi 5 resul t sug
uests that there are economies of scale in stove distribu
tion proorams. Althou9h positive net benefits and B/C
r~ti~s Which e~ce~d 1.0 characterize the most recent time
periods, attention to improved rlistrihution techniques
could imornve the economic effici~ncv of the pro~ram even
further. Thus, the sU9gest1on ~~e hy USAIO/Nepal to have
RCUP's stoves distrfhuted by the Appropriate Technology

11 Ibid, p.5.

I
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Uni t of th@ ADB may resul t 1" add1tional economi es of
sC41e. Of course ATU's distribution costs should be -
compared to RCUP 's before tak1n~ acti on on thi s
suggestion.

(b) The technical efficiency of the 1rl'n rings bein~ tJistri- '
buted in Mustan~ needs to be teste~. At the present our
assumption, that the installation of iron rin~s in tradi·
tional chulos makes the resultant combi~ation as energy
efficient as the improved Magan desi~n, is based on the
observation that tratiitional chulos used in Mustang are 
constructed similarly to the new desi~r.s being prol"Oted by 
RCUP. The mai n perfor",ance di fferences are that the iron
rin~ stoves do not have a damper (which are not used often 
on the improved Ma~an stoves, according to field observa- 
tions by RCUP staff), and the iron rinq conducts more heat 
1nto the house.

(c) Some exoeriments should be made in pricing polfcy to iden
tify the extent to which Nepali rural residents are will- 
i ng to absorb some of the costs of stove parts. The I'1)st
obvious component to he paid for by recipient households _
would be the chimney. As pointed out earlier, the health
benefits from reduced smoke are captured entirely by the
1ndivi duals !"esi ding in that househol d. Sound public
f1 nance woul d reQui re those househol ds to pay for the
costs associated with those benefits, other thin~s eQual.

One th1n~ which Ny not be eaual, however, 15 the discount ,
rate to individual households compared to RCup.1!
Fro", the vieWi)oint of RCUP and HMG, a lOS/year discount
rate probably represents a valid approximation of the
opportunity cost of capital. It is legitimate, therefore,
to use the lOS rate to represent the vi ewpoi nt of whether .
the present value of the world-wide comnitl'lent of re
sources to RCUp· activities 15 justified by the present
value of benefits realized. But if the farmer is cnn
fronte~ by much h1~her costs of c~pital, the present.
value of his ptrceived stream of benefits may not be
sufficient to equal or exceed his perceived costs. If so 
the result would be a sub-ootimal nu~er of improved ~

chulos ~ing adopted by farmers' households.

This problem is a familiar one in proJect appraisal work
in developing countri!!. It deserves further analysis and 
ex~erimentatinn before any changes are ~de in t~e current
"eavily subsidized stove improvetnent pro~rams beina
finance~ by RCUP an~ other donor projects.

17 This observation was r"lat1e to Jennifer Wood by Kenneth Darrow of RECAST/
Tribuvan University. He advised that the rate for farmers is more like 50'.

, /
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(d) The other caveat concerns t.he desirabilfty of a stove
maintenance and repair pro~ram. As I'lentfoned earlier,
there seems to be ~neral l(Jreement re!1lrdina the desi ra
bility of doing somethina to fnduce the recipients of
improved stoves to clean their chfmneys and repafr damage~
parts of stoves. Neither P.CUP nor any other donor program
sponsors systematic repafr and lMintenance activities fnr
previously installed stoves. The economic analysis sum
marized in Tahle 1II-4 indicates that such a program will
probably yfeld positive net ben~fits.

Although much more precise analysis should be done prior
to implementfng a stove maintenance and repair Drogram on
a large scale, its potential seems promising enough to
just tty at 1east an experimenta1 effort tn, say, Garkha.
A pilot project could be undertaken at fairly low cost and
would yield valuable data for analyzing the viabt1fty of
such a program. We recomnend that RCUP' s targe~s be ad
justed to fnclude this experiment.

D. Solar Water Heaters

1. Overvill!w

Nfnetet'n solar water heaters have been fnst~l1ed in the RCUP project
area. The cost (about Rs. 9,000 for a 90-liter system fully installed) of
each system makes it impractfcal to dissemin~te solar wat".r heaters to rural
househol ds usi nc1 the same procedures followed for imprnved stoves. Also,
there is no fair way to distribute a few systems to indi~idual households.
Therefore, they are beinq installed in apprnpriate oovernment offfces in the
three tffstricts for the purposes of dfsseminating the idea and delltOnstr'af;fng
the use of the actual technolony. For this reason, it is approprf ate in
defininq benefits to consfder fnstances whpre 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 ciescribed the t\enefits in
terms of the fuelwood that would have otherwise he!n used to ~eat water.
This is an assumption Which is unreal tstic. Most of the Heal th Posts and
Livestock SUb-centers are less than four ye~rs 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, Myagdi, and
Mustang is summarized in Table 1II-5. The technolo~y has been the most suc
cessful in Mustang h.ecause the Deople are Quick to employ new ideas, and
because trekkers are d "~a ny market for hot showers along thf s Nt n trade
route, making privatE' sol ar water heaters profitable (see Section 0.3.'.
The colder climate is also a factor affecting demand for heated water.

7
/1 ,

I
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T.~BLE I II-5

DISTRIBUTION OF SOLAR WATER HEATERS BY DISTRICTS

A. Gorkha
FY 81/82 - 1, 90 liter, Balmandir Preschool, Gorkha Bazaar

- 1, 90 liter, Gorkha Hospital (indoor)

FY 82/A3 1, 12n liter, with storaae capacity, Gorkha '--

Hospital (indoors)
- 1, 120 liter, Livestock District Office, Gorkha

Pazaar

FY 83/84 - 1, 60 liter, Health Post, Bunkot

B. Myagdi
FY 81/82 - 1, 60 liter. Livestock District Office. Beni

- 1. 60 liter. Livestock Subcenter. Pakhopan1 (out c_.
of cOl\'mi ss ion' .-

I

FY B2/A3 - 1, 60 1fter. Health Post, Beni
- 1, 60 liter, Health Post, Rakhu

1, 90 liter, Health Post. Tatopani
- 1, Qf) liter. Health Post. Sikha

FY 83/84 - 1. 60 1fter. Livestock Sub-center. Dana
1. 60 liter. Livestock Sub-center. Chinikhola

C. Mustano
FY 81/82 - 1. 60 liter. Health Post, Jarkot (out of

co",",ission)

FY 82/83 - 1. 60 liter. Health Post, Tukche
- 1. 60 liter. ~arpha Farm. ~arpha

- 1, 60l1tflr, Health Post, Lete
- 1. 60 1fter. School Hostel, Lete

FY 83/84 - 1, 60 liter, Health Post. Marpha

:...
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2. A Case Stu~: Tatopani Health Post

a) Rationale for Site Selection

The Health Post at Tatopani was built in 1972. 11 Health Posts
and Livestock Sub-centers, in general, are taraeted for the reasons al
rea~ stated -- visibility as well as the more obvious benefits of
cleanliness or healt~. T~e Tatopani Health Post is a lar~e one, serving
the surrounding four Panchayats. and is located on the main trail up the
Kaligandaki Valley. Therefor" ~e site was chosen, and the water heater
was installed in July 19~2.

All of the syste",s to be "installed in a year are transported from
Kathmandu to Pokhara in a lorry. From Pokhara the solar water heaters
desi {Inated for Mya~di are carri ed up fro'" Naudauda through Kushma for
approximately Rs. 250 per porter. One porter carries the tank and all
the fittinqs, the second carries the solar water heater and pipe, a!"ld
the thi rtf carries the glass.

Total installation time takes 1.5 days -- a half day for the health
post employee to gather the materials necessary fl}~ positiontng the
solar panel (wood, rock) and one day for the plumbe~, RCUP Energy Tech
nician, and health post supervisor to install the systeM. At Tatopant,
and at all of the sites except the LivestOCk Subcenter in Dana, the ~s

tems are connected to a constant water source. 21

The Heal th Post I s solar panel is located to t"e east of the post,
directly in view of the main trail. An illustration of the installation
is presented in Figure 111-2. The site was chosen with the understand
i ng that two small trees standi ng ri ght in front of it woul d be cut
down. With this agreed 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
effectheness of the water heater is uncertai n. but thi s' si tuati on
represents some of the problems encountered in the course of
installation and operation, and extension in qeneral.

To date, there has been no orqanized means of maintenance. In the
l~elathely visible high profile case of the Gorkha Hospital,'a hroken
glass pane was replaced one year after installation. Aside from this
exa"'Ple 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

11 Information obtained fro~ thp. Catchment Conservation Officerfl~yaqdi.
21 This means that water ;s tapped directly into the water storage tank for the

system. Dana I s system will be connected to a water supply in 1984-A5 when
the Livestock Sub-center is moved into the new RCUP buildinas.

\ .
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FIGURE III-2.

~A:0?~~t SOLAR WATER HEATER
HEALTHPOST

RCUP

,. ,
/
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heatfr3 not fn use, three haYf not befn properly installed and the
fourth (fn P'khopani, Myaadf) has blown off the roof three tfmes. Each
tfme it has been put back in place by the post employees.

b) Costs

The complete sol ar water heater asselllbly is purchased from Sal aju
Yantrashala in Kathmandu. RCUP' s costs break down as follows for the
heater in Tatopani:

Rs. 3,300
800

1,500
500
750
800

1,000
300

8,950

solar water heater (90 lfter system)
watfr tank
pipe and/pfpe f1ttin~s
vehicle l
portfr21
fnstallatfon (plu~er)

adminfstratfvf
repairs (glass replacement and paint)

Of RCUP's 19 solar water heaters, 2 arf 120 litfr sy~tems (Rs.
7,000), 4 are 90 liter systems (Rs. 3,300) and 13 are 60 liter systems
(Rs. 1,650). Costs of th~ water tan~, pipe and f1ttin~s, and transpor
tation/installation/other are the same for each unit. The recioient
governJ"ent post pays for the 1. 5 days 0' g'l therf nq I'l'atfria15 for the
positioning of the panel, assistin~ with the installation, and any
repair til'lte, as in the cue of Pakhopani •.

c) Renefits

Records of attendance at Health Posts and Livestock Suh-centers are
scarce and sporadic at best, so this rliscussion will cover potential
benefits of solar heated water. Water is clearly beneficial in preven
tat1v! medicine by increasing cleanliness. Since hot water can cut
~rease morf effectfvely than cold, it can clean more effectively. This
is especially truf in.climates likf that of Mustang where many prefer to
re~ain unscrubbed rather than to wash in freeZing water.

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

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

1/ Total cost of transportation by lorry from Kat"rnant1u to Poichara, assu,"1n~ a
load of five solar wat~r ~eaters.

2/ Total cost of porteraae. Pokhara to Tatopani.
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may be, IS with drinkin~ water projects, that thfll full benefits of the
technology cannot be realized without simultaneously teaching basic
health and sanitation to the community.

The direct benefits 0' solar heated water with respect to health or
fuelwo~d conservation are not clear and do not appear to be as signifi
cant as benefits from other parts 0' the energy project, such as lm
proved stoves. While hot showers can eas11y be sold to trekkers for a
profi t, that market for solar water heating is not a priori ty in the
context 0' RCUP's objectives.

One way to IN!a5ure the effects of the ava11abl1i ty of solar water
could he to measure its impact on health, and therefore on working days
lost to illness. Assuming the solar water heater 11fe to be ten
years l / and the initial costs to be Rs. 9,010,2/ the sohr
water heater woul d have to contribute 83 per~on/days annL!ally. due to
bettp.r health. to pay for itself.31

3. Implications for Adjusting Targets in RCUP

Havina al ready completed installing solar water heaters at several
heal th fac11 11:ies for demonstration effects, continuation of this part of
the RCUP energy proaram would ·not see~ to ~rit a high priority. This con
clusion is particularly true with respect to using solar heated water for
showers in hotels anci other private establishments. If those private in
stallations are profitable (and they appear to be. based on the fact that
many are bei n~ purchased throuah private means). thi s aspect of the market
can be left to privat2 enterDrise. In sum. after thp co~letion of FY 84/85
targets. the solar water heater program should probably be discontinued.

E. Solar Oryers

1. Descriotions of Installations in Each District

Since FY 1981-82, RCUP has installed 21 solar rlryers in the three dis
tricts: 2 i~ Gorkha, 3 in MYagdi and 16 in Mustang. A list of the specific
sites is presented in Table 111-6. MYaadi's three ~ryers are all located in
District Offices. One dryer is in the Catchment Conservation Office (CCO)
in Beni, the second is in Bent's Department 0' A~r1 cu1tun! Off1 ce and the

11 RCUP Ener~ Specialist.
2/ See D.2.b), Costs, for f1lQre details with respect to ttle RCUP inputs which

east RS. 8,950. In adrlitfon, locel inputs valued et Rs. 60 must ~ included
to obtain the total installed cost of Rs. 9,010.

3/ This calculation is basec! on enual annual retur"s of Rs. 1,334 over a ten
year Deriott (Years Q throunh Q) usi~o a discount rate of 101/year. At,
Rs. 16/~ay, which is thp averaae payment for unskilled labor in the Tatopani
area, this required anl1ua' return is equivalent to approximately 83 workdays
saved.

I
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l'.~BLE II 1-6

DISTRIBUTION OF SOLAF. DRYERS 8Y DISTRICT

A. Gorkha
FY ~1/82 - 1

F'Y 82/83 - 1
Current locations are not known

B. "4ya~di

C. Mustang

FY 81/82 - 1, Aariculture District Office
Beni

FY 82/83 - 1, Catchment Conservation Office, Beni

- 1, District Forest Office, Dana

FY 81/82 - 1, Harpha Farm, MarDha

FY 82/83 - Ij Lete

- 2, Tukehe

- ?, Kobanq

- 2, Pradan Panch and Private, Ta~lung

FY 83/A4 - 3, (2) 0",1 5 HOMe; (1) Pradan Panch. Marpha

- 1, Former Pradan Pauch (600-tree apple orchard).
Tukehe

- I, Pradan Paueh. Lete

- 1. Private, Ko~ang

- 1, Kalopani Guest House, KaloDani
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third is in the Dina Forest Office. Demonstration is their most important
function, but MustanQ 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 Mustan9, to illustrate the potential for the process.

2. A Case Study: Marpha Farm

Selar drying is not a new idea in Nepal. People have dried their grains
and peppers on grass mats spread out in the sur, for centuries. This tech
nique, .1udg1ng from the lack of interest 1n solar dryers in Garkha and
Myagdi, continues to ~et 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 area's limited water supply is being used to support
orchards in what is otherwise a desert. The valley is widely known for its
red and ~olden delicious apples and apricots. The harve~t season runs
approximat~,ly from Ju,ne through November, as illustrated in Figure III-3.

Of all the prorlucts, only apples can be sto..ed over a long period of
time (until the followin~ May). Also, ~Gples can sur~ive being transported
hetter than apri cots, peaches or ~rapes. Even they, however, are fai r1y
bruised after seven days of bumping around in a porter's Dhoka basket to
reach the Pokhara Market. One method usetf 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 ~aste.

Solar dryers are built in Jamson and transported to their designated in
stallation for Rs. 1,000. This cost covers the price of Nter1als, labor
and transportation. In July, 1982 the first solar dryer was installed at
Marphl Farm. They have since ccpied the desi~n and built three more, an in
dication of the dryers desireabl1ity. This year, using four solar dryers,
they have dried 100 k~ of fresh produce. Most of the other solar dryers in
the north of Mustan9 dry ",clllatoes and peppers for housenold use in addition
to the fruits mentioned above. In the southern part of the district, mush
I"ocms are being dried for sell ing. The profitability of solar dryers in
Jomson is evident by the surge of demand that has appeared after the instal
lation of just a few dryers. The comparative sell1n~ prices are .shown in
Table III-7.

In the initial season of use, Marpha Farm was able to produce 100 kg of
dried fruit (from approximately 500 kg of fr@sh fruit). The fruit was worth
Rs. 2,000 fresh and is now worth Rs. 3,500 dried. ~arpha Farm has requested
an additional 50 dryers frOl" RCUP, and there have been many other requests
from people impressed with the potential of solar dryers.

3. Implication for Adjustino Tarqets in RCUP

This level of rlemanrl seems to ,ndicate that solar dryers are profitabl~

enouqh to do extremely ~e'l on the open mlrk~t in Mustan~. Over l~O solar
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FIGURE II 1-3

MARPHA FARM
Calendar of Harvest

June July Auaust September October November
IApricots

oC ~IPeaches
~ ~IApples

roC >-IGrapes < ,..

TABLE II 1-7

MUSTANG PP.ODUCE
'FARM-GATE' PRICESI/

FARMGATE PRICES, MARKET PRICES RETURNS TO
Rs. /Kq TO FARMERS DRYING ACTIVITY

FRESH UKlt.U Rs./Kg Rs. /Kg

Apples 4.0 6.42/ 35.0 28.6
Apricots 4.0 8.03/ 35.0 27'~4/
Mushrooms 5.0 _4/ 45.0

II Info~.tion collected from the manaqer! of Marpha Farm, October 1984.
2/ 2 kq. of fresh apples becomes 400 qra~s of ~ried apples.
3/ 2 kq. 0' fresh apricots becomes 500 ~rams of dried apricots.
4/ Information not available at the time of this study.



Mustang - Kun,10
Installed:
Capacity:
Function:

-38-

dryers have been requested in the last year in Mustana. 11 It seems to
be appropriate, therefore, for RCUP to wfthdraw and leave the proliferation
of solar dryers to the open market. RCUP perhaps should remain involved by
assistina with materials and technical advice on construction and thr'ouah
extension work 1ncludina adult education. But there appears to be nc fur
ther need for d1str1butinq 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, OMe
1n Gorkha and the other 1n Mustang. A su"",ary of the1 r 1ocatfons, capacf ty.
and type of equfpment installed is presented below:

Gorkha - Jaubarf m1ll
Installed: May '83
Capac1 ty: 10 HP
Function: hul11n~ (No.4)

gr1ndfng (No. 16)
oil extractor - new, not installed yet (6 bolt)
churra

July '84
10 HP
ar1nd1nQ (No. 16)
flour separator

When ri ce 15 hull ett the waste can be used as fodder, whereas the waste
after husk ina does not have I1IJch nutritfonal value. A churra is a rice
beater or flattener. People brfn~ enou~h wood to cook the1r rfce sl1~htly.
Then it fs put into a centri fuge attached to the ",f 11, and this process
flattens the rice so it can be stored and eaten anytime.

2. A Case Study: Jaubari Water Mfll, Gartha Dfstrict

The Water Mi 11 at Jaubarf has been operat1 n9 s1 nce its install at1 on in
Hay 1983. By December, the inca"" fro", the mfll covered the operatfnq
eXPII'~ditures (See Table III-8). Jaubarf's Mt1l is a particularly good
examp'~e for this study because of the qual1ty of the data. Most mill
studies have been conducted using recall on the part of both users and mill
owners. Or elsi! the m1" owners were reluctant to dfvul qe any records they
may haVe had. 2/

The accounts at Jaubar1 have been handled by the local school. The
proff ts, as well. go to the school. For these reasons the records are more
accurate than those available for most private mills.

11 Personal conversation wi th Energy Specialist and Enerqy Technichn/Mustang.
2/ This is an indirect indication of how profitable they might be.
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~

A. P!lysfal FIC11ftfe l/
1. EcII1I1'W'1t nt MltWtI1s;

I. ""'tf~Pailr l)lft~ 32,756
b. ~1f__ lir1rIIIr, Rk:t tty1,.,,

on EleIller, Rfe» F11tt1Nr 2B,1~

c. e-tt 2,OCll
d. GoI.9.c '.al)
e. CGntf~ II lea 6,690

2. ~, tnstallrtfon .nI Trefm"!J 10,0Cll
3. ~l, fncludfng Mf11 .-.. B3,~

B. q.wtrna CGItlI

1. Sillrta21 2,160 8,6010 7.17n 5,100

2. ~..... Mlflltlill.a3I 179 lJJ9 1,aD I,m

3. ~l 2,339 9,5:ll 8.170 7.100 7.100 7,100 7,1lO 7,1lO 7,1lO 7,lIXI

C. TOUIl Costs ~.929 9.!iJg 1'.170 7.100 7,100 7.100 7. lID 7.UD 7,UD 7,lIXI
"
, 8nf1t:s41

A, Qttmfng l)5 .2,a2D &,353 3,aD
B, '-'11f"!J 9113 5.157 2,8'1 4,lXXJ
C. F1atUnfna 64' 4.11:2 7,19' 5,SD
I), on EjqlI11f~ - 5,0Cll
E. Total Baffts t:Ri U,219 14,3l5Z 17,SD 11,SD 11,600 1,.a 17.a 17,fDJ 17,tm

I. anrtts~ (II.E • I.C) (91,037) 1.1«) 6,~ 10,500 10,500 10,500 10,500 1O,D 10,D lCl,!JI)

-

P!'esd V"UlI' 101Df~ Faeur
A. Bntfts 1,R92 10,253 11,8&3 13,218 12,C21 10.CJ!9 9,9215 9,02!J 8,a 1,462 9C,79S
C. Costa 1IS.92!8 A,m &,7. 5,332 4,G 4.~ 4,OOt 3.6012 J,D 3,010 13.in
C. Bnffts· Colts (91,037) 1,B 5,115 7,9 7,112 6,520 S,~ 5,:m 4,m 4,452 (35,IlJ3)
D. Ratto. B,t 0,73

!lIsId at estt.. II'Wfdld 1ft G. 9Wcya cWld G. ~cNr'd.

Rs. 72D aMfI UW """,,,11 sal., tI ,., ""11 OIl!rQtDr'S atd en accOIIltJnt -.ta is alsD a t.tadW It tM

$dlWl. ". .....1IItt~ IN accr:lIIItS for ~ tM:hIf' 6I'ftIff1, so m pl. m(JIly hi", tN 1MJ

qJIrItzn IftIr o.c.tIr 1.., 111 cut bIdt trI costs.
Ill!rfvtd f'r'CIII "IIIl:Xft and EJcIlnivw StItftnt of tte Ilor'qlklt' e.wetfISN ""11, Jaublrt • ." /MltJ 19m 

Slpt.t1kt., 19M.
_ SlUIU as 31. Esti.... f'ar FY 91195 are hase1 ~ ratios of July-Slipt. 19M 111 .lI1y·~t. 1983.
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Three ;ttachMnts were installed wittt the mill: a huller, arind,r and r1c
flattener. An oil f!xpeHer will be added in FY 84/85. Approximately 70' 0' ~
mill ~s 1:'1co,,", comes from ttte rice flattener, or chyura maker. It is interest'
that even wi th the apparent popu1arity ()f th is attachment, it is ra re1y found-
Nepal. Approximately 10' 0' total income comes from the gr1nder and 15' from -
huller. After installation the oil expeller will bring in a large part of the ~

come. Farmers will corne from twice the d'htance (7-10 km) to have oil made f~'

their seeds. One reason is that to sm~eeze oil in the home invol v~s a mul ti-
of 4-5 of the time it would take to grind or hull a similar amount of corn, whf-
or rice. 11 Yet anottter reason is that a mechaniclll oil expeller is m-
efficient, and can produce 25~ More oil than when it is done by h~nd.21

TABLE III-~

Comparison of Milling Fees

JAUBARI BENI CHOR-KATEE TAg
WATER MILL 3/ DIESEL MILL41 ~mGAS MILL I

Grin(f1n~ Rs. 10 Rs. 20-25 Rs. 30
Hull1na Rs. 'i Rs. 13 Rs. 7
Oi~ Extraction Rs. 50 - - Rs. 70
Ct" ... ra Rs. 30 - - - -

(Millina Fees for 1984 shown in Rs/Muri)6/

CO"'Paring in Table III-9 the curr"nt mi11ino fees at the Jaubari water m
with the diesel mill in Beni (Myagdi) and the biogas mill at Chor-katee 
(Choprak Panchayat, Gork~a) helps to illustrate the relative chelPness of Wl_
power. The fees auoted 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 aVli1ab1 e for Jaubari. As can be observed frol'l Ta
III-B, the net present value of benefits - costs is estimated to be ne9athe,
our assu!I'Pt10ns of a ten-year economic lifp. and it lO't/year opportunity cost
capital c1re correct. Of course the "'i 11 1ust began operati n~ in May 19R3 so
actual net income for FY 84/R5 anri heyond Play be hi~her than our estia~tes.

One potent'lally important source of social benefits, which could not be 
fleeted in the I'Iill's incol'le statement, is labor savin9s and travel time savio
for customers. Data reQuired to esti",ate such benefits were not available. 
final version of this stut:fy will attempt to inr.lude estimates of these elements
consul'ler savings.

11 United Mission to Nepal, '~(;O-Eco"O~iC Evaluation Study of Small Turbines
Mill Installations". Vol. I. :-'"a' report. May 19A2. p. 19.

2/ Ibid.
31 i.lt~" Shresta - RCUP expediter.
41 RCW' energy specialist. ~

5/ RCUP energy technician, Gortha district.
6/ 1 ~urf • 24 U.S. gallons, volume.
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3. Implications for Ad~ustina Tarqets in RCUP

Despite the preliminary results reoorted in Table III-S, it is evident
from the deml1H! in RCUPls areas 11 as well as ttl! qeneral popularity of
improved water mills in Nepal that SOm! 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 rElactily available from the ADB. It has even
been ShO~~ that mills that beaan with larger loans from the ADS, show lar~er

profits. I

Usin~ water power to process grains and seeds in an efficient use of
Nepal IS resources as well as income generating. If the Appropriate Techno
logy 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 conmuni ty or school ooerated m111fng system or a
privately operated system, there is a certain re-distribution of income of
similar proportions in each case. It 15 therefore preferable in terms of
both efficiency and distribution to turn water mills in Gortha. Myagdi and
Mustang in the private sector.

G. Biogl5 Plant

1. Description of Installation

Only one biogas plant has been installed by RCUP. For five months RCUP
consultants worked with the Khumal villages in Chor-katee Tar. Gorkha
Di strict to plan an energy prc.iect for the area. Usi n~ technical advice
from RCUP and guidance in business from the AgriCUltural Development Bank
(ADB) the people chose to construct a co~nity operated bio~as mill. RCUP
would fund the I'1achinery4/ (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 pai d 0" in installments of Rs. SOO/month. ~I After
further consultation. it was aareed that two wealthier people of the
cOllllllAn1ty 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 arran~ed with the two lar~est live
stnck owners in the area. This method was s'lmpl er, and therefore more
effective, than rotatina the respnnsibility of prnvictino the necessary
"'anure throughout the co","unity. The mill was to be powered on 20'; diesel
and 80S gohar gas. The two b1 oaas di ~~!i ters orovi de enou~h gas to run the
mill for approximately four hours. I Construction of the mill and
biogas plant was completed and the mill operation beaan in June 1982.

1/ Reauests for mills we~e ~eceived in Gorkha District (~y the CCO) this year.
2/ Socia-Economic Evaluation. p. 28.
3/ Ibid.
4/ RiC"inery includes a hullp.r, Qrinder, and oil expeller.
5/ Hira ~n Shrestals report (Gorkha Ener~ Technician)
6/ RCUP Ener~ Specialist and USAID Consultant. Dan Jantzen

.-

=

=-
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2. Operating Experience

The biogas "'111 at Chor-katee Tar has fallen short of its aoals for
several reasons. The mill, as a community operated project, 'has been
mana~ed poorly. Thus, the efficiency of the mill is less than it could be
-- consuming more fuel and reQuirinCl large repair bills. Instead of
operati na on ~o, Gobar Gas and 201 di esel, the mill operates, on the
avera~e, on 801 diesel and 201 Gobar Gas.11 Operatfn~ using a higher
percentaCle of diesel is preferable to the cOll'mUnity for several reasons.
Since the ClClreements that secured a future supply of gobar for the plant,
the two livestock owners have done some reconsiderina and more recently have 
been grudgingly supplyina a percent~~e of the needed gobar. Also, if the
mill is run on the planned 801 gobar/201 diesel it can only be in operation
for 4 hours a day (2 hours for each bicqas diaester). The short operation "
schedule makes inefficient use of the mill machinery. For these reasons the
co~nity has been unable to regularly meet the payments on the AD8
10an.21

It is possible for 'appropriate technolo~' to be rendered
inappropriate, and that maybe the case with the comunity biogas ",111 at
Chor-katee Tar. Bioaas plants reauire ~ level of close ~naaement that can
rarely be attained on a cOl'II'Unity b&sis. The conaunity's general district
of banks and loans are bei na re-affi med as a resul t of mis-manacrement of
the 1'1111, itself. Out of the 27 months since the 11'111's completion it has
been in operation for 1n months.

Technical difficulties with 8iogas plants are not li",ited to Chlr-katee
Tar or to community manaClel1'ent projects. The Gobar Gas Co~any, itself, has 
been operating in the red for approximately .ttle last five years.3/ They
have been selling many biogas systems. Each is sold with a seven year
warranty. Thi 5 is the probl em for the company. This type of guarantee
could work in an area w~ere the problems with transportation and communica
tion were not so formidable, but in Nepal, it poses an ilTmense problem.
Maintaining the warranty required many field visits, for big and small pro
blems alike, and this is where the Gobar Gas Co~any is losing.

For these reasons t'~ aht manaaement at the vi 11 aqe 1eve1 15 cruci a1 for
maintaining operation of a 810gas plant. John Ashworth, an energy
consultant with UASID/Nepal, was pursuing this idea on his recent visit in
November, 1984. He looked at over a dozen pla"ts, both privately owned and
co""",n1 ty operated to try to support his hypothesis that B1og&s plants
requ1 re closer II1InaCle",ent than can be prov1 ded by a community work1nCl in
conjunction with a doner aClency. The experiences with biogas in Nepal to 
date support the idea that bioClas can be si gnfffcantly more cost-effective
when prfvately manaCle~.

In the case of Chor-katee Tar, the costs already total more than Rs.
140,000 (approximately U.S. S8,000). The whole system was overhaule~ -
hetween Septel"her 1~83 and June 1~B4. The most important thina now is to
tiahten manaaement with the goal of payina of' the bank loan.

11 RCUP Ener~ Specialist.

2/ As of October, 1984 only Rs. 3,607 has been paid towards the AD8 loan.

3/ Dan Jantzen, Private Energy Consultant.
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3. Implications for Adusttn~ Targets in RCUP-
Clearly RCUP's experience with biogas does not justify additional

installations. The only effort which should be exp~nded at this time would
be an analysis of how practices at the existing plant ~f~ht be modified so
that enou~h operating surpluses might be ~e"eraterl to repay the ADS 101ln.
This effort ought to be made to protect the villagers from rna.1or financial
problems.

January 25, 1985
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I. Costs

1/ The stoves installed in Gorkna District arp. ma~e in Kathmandu (Rs. 80/
stove). Myagdi's stoves are made in Phan~a 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 rin~s cost Rs. 360, one thfrrt of which
is foreign exchange.

!/ The transportation cost to Gorkha includes operating costs and the
driver's wage, since the stoves are brou~ht to Garkha Bazaar in a lorry.
The costs of deliverin~ 30 stoves (one truckload) to the district center
are as foll ows:

Rs. 540
Rs. 316
Rs. 856

Operati ng Costs
Driver's Waqe
Total/30 Stoves and Chimmeys

-

Approximately Rs. 29/stove assembly, therefore, is the average cost of
transportation fro," the manufacturinq site in Kathmandu to the Gortha
District Center.

~/ The distance from th€ distrir.t centers out to the surrounding areas that
either have RCUP stoves or are taraeted for the near future, averaaes a
one-day trek, both cominQ and going. This will be included as a cost at
one half the local porter wage rates (because one stove is approximately
half a loa~) which are estimate~ 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 stovP technician's salary for each district
and his travel costs. See Attachment 1 for estimates of these costs.

§.! Household inputs involve the ti",e 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) ~ Rs. 6
Myagdi 1/2 (Rs. 16) ~ Rs. 8
Mustanq 1/2 (Rs. 22) =Rs. 11

These waaes are weightect averaaes from the followng sources;
National Farm ~anaoement Study, HHG reports lQ~3, R. Sharma (RCUP), G.
Shirakoti (Tribura n :.Jniversity. Rampur). The "on season" rate is used
(~nsoon ricp. crcr season) since that is when most stoves are installed
due to the HMG hu~oet procedures.
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6/ Administration and extension costs cover the Eneray Consultant's salary
and travel (FV 80/81 and FY A1/82), the Energy Specialist's salary and
travel (FY 82/83 - FY 84/85), and the Energy Tect,"ician's salary and
travel for ellch distri ct. (See Attachment 1 of Appendb 3 for the
breakdown of costs by district and by component.)

7/ Transportation for Mya~di is included in the initial Rs. 150 price of
the stove. The potter from Parba District is responsible for bringin9
them to Beni, the district center, and the estimated porterage cost is
Rs. SO/stove assembly.

8/ Transportation to Mustang cover5 the vehicle transport to Pokhara.
Approximately 660 sets of iron ring stoves can be carried in one truck
load. The current numbers of ring seU are well under that maximum.
The costs to Pokhara are as follows:

...

Rs. A10
Rs. 519
tts. 1329

Opt"\rati nQ Costs
Oriver's'Wage
¥Qtal/660 Iron-Rina Sets or

JO Stove Asse~lie5

Thus, averaae cost from Kathmandu to PokhariJ is approximately Rs. 21
set. Each set weighs 11 kg., and a porter usually carries three sets to
Jomsom for Rs. 4AO, or Rs. 160/set. Total cost, Kathmandu to Jo",som,
averages Rs. 162/set.

Durin<! FY 81/F32 and FY 82/A3, Ma~an stoves were transported via
lorry from Kathmandu at an avera~e cost of Rs. 44/stove assembly, based
on the lorry cost estimates ahove. Porterage fro," Pokhara to Jomsom
costs an averaqe of Rs. 200/stove assembly. Total cost, Katt""andu to
Jomson, averaged Rs. 244/stove assembly.

I I • Benefi ts

!/ In Gorkha, 140 i~roved chulos were installed in FY 81/82, 74.1n 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 installert
stoves are used to some extent (p. V-5, Tah1e 2). The 1984 edi t i on of
that stu~ (p. 6S, rigure 13) estimates average savings per household of
735 k!i. of fuelwood per distributed stove (" not usati" stoves beina
i ncl uded in the average). This rate of savi ngs is based on househol ds
in the Kathl'1andu Valley where the traditional I1IId stoves were compared
to the i~roved insert stove, which is very similar to RCUP's 1~roved
Magan stove (see illustrations, Appendix 2) •. The annual estimates of
fuel wood savinos aFter the first full year of ooeration have been dE'ore
c1 ated at the ra i:E' of 10~ per year to represent the effects of breakalJe
or cracks on bur~i~a efficiency. The basis for t.he 10~ estimate is the
July 19A4 CFDP stuny, in whic~ Table ~, p. 57, reports 29~ of installed
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stoves as broken or cracked and Table 7, P. 55, which reports 3U of 
damaged stoves not being used.

An averaae price of Rs. 1l.2S/Bhari (25 kg.) is used to calculate
ttl'! val ue of'fuelwoud savings (Camphell and Bhattarai, 1983, p. V-17,
Central Hills mean market value). Since installation typically occurs
durin~ April-June, it is assumed that the initial year of operating
achieves only 25" of potential savings. The last year's calculation,
therefore, only spans 75% of the year. The lifetime of the i"'Proved
stove is estimated at five years for Gorktla' s improve<f Magan stoves
(Campbell and Bhattarai, 1983, p. V.17).

In Myaadi, 7 improved chula's were installed in FY 81/82, 20 in FY 82/ 
83, 68 in FY 83/84, and 74 are planned for FY 04185. The assumed rate
of fuelwood savin9s is, again, 735 kg./new stove/year. The price of
fuelwood in Myagdi is assumed to be Rs. 180/Shari (field checks, 1984
and RCUP field reoorts, 1983). The prices range fro," Rs. 40-45 durinq
the monsoon in Reni to the mere five mfnutes it Ny take to collect it
up i ~ Kui nmun~l e far from the mai n trai 1. One reason that not many
stoves have been distribute~ in this district is because mlny 0'
heaviest fuelwood users are the hotel owners, and the RCUP stove is too
small for thei r needs. As in the casp. of Gorkha, estimates 0' annual
savin~s of fuelwood are depreciate~ at 10~ per year, to take account of
stove damage, an(f stove life is estimated to he five years.

In "'ustan~, 7 irnoroved chulos were installed in FY ~1/82, 3 in FY 82/83,
an~ 9 sets of iron rinqs in FY 83/84. For FY P,4/85 , 26 sets of iron
rinas are targeted for installation. The iron rings are cast in-
Kathmandu and come in a set of six, weiqhino 11 kg. per set (see illus-
tration, Appendix 2.) They have been aiven priority in Mustanq for -
several reasons. They are much easier to transport than a ceramic stove
because of compactness and no breakage. Unlike the i"'Proved Magan -
stoves, the iron rinqs radiate heat, which is extremely beneficial in
Mustang. Al though no efficiency studies have been conducted with the
iron rin9s, they have been reported to have a sil1lilar 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 Myaqdi and Gorkha. The price for fuel wood is assumed to be
Rs. 29/ Bhari (RCUP field check, Septelltber 1984). This is an &verage 
from places such as Lete in the south, where pine is abundant, to areas 
in the north where a four day trip mly be rquired to collect a Bhari of
fuelwood •

Benefits from the iron rinqs are assulftetf to extend for 15 years
from the time of installation. Nn depreciation of initial savings
levels is assumed. since the iron rings are very durable.

;'



APPENDIX 3 - ATTACHMENT 1
Plge A.3-7

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

-Cost Components All Figures in N~Dalese Rs. by HMG Fiscal Years
FY BO/81 FY 81/82 FY 82/83 FY 83/84 FY 84/85

I. Total RCUP Bud~et for Energy

Staff Salaries and Travel 1/

A. Energy Specfalist:
1. Salary 163,625 174.026 52.600 59.850 65.835
2. Travel 13,617 51,Q67 43,48A 53,175 57,934
3. Total 177,242 225,q~3 Q6,088 113,025 123,769

B. Gorkha District:
1. Energy Tech.

a. Salary 10,031 12.840 14.124
b. Travel 1.255 4.244 4.660
c. Subtotal 11,286 17,084 18,784

2. Stove Tech.
a. Salary 6.558 9.600 10.560
b. Travel 365 1.512 1,689
c. Subtotal 6.923 11,112 12,249

3. Total, Gorkha 18,209 28,196 31,033

C. Mya~df District:
1. Enerqy Tech.

a. Salary 8,Q84 13,476 14,824
h. Travel 540 720 740
c. Subtotal 9,524 14,196 15,564

2. Stove Tech.
a. Sal ary 8,640 10,080 11,170
b. Travel 927 5,558 6,015
c. Subtotal 9,567 15,638 17,1~6

3. Total. Mya~df 19,091 29.834 32,750

D. Mustang Distrfct:
1- Energy Tech.

I. 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 14A.593 189,395 20;,737

1/ Source is RCUP actual exoenditures from Annual Proqra~ and BUdget.
Includes A. Byers' salary and travel for FY 80/81 and FY 81/82, and G. Shakya's
starting late FY 81/82.
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APPf}I)IX 3 - ATIJaKNT 1

BIlIiY COfOINT: H.UIAno. (f IC.P S11fF SN..ARIES IN) lRA'ttL
BY DIS1RICTS Iff) lEDfIl..ffiY. FY fDjRl - FY 81,Mi

--
Enerqf kt1vtttes FY fD/81 FYRl~ FYW-/fU FY83j8\ FYflj85
~ Districts S.T. E.T. E.S.2/ S.T. E.T. E.S. S.T. E.T. E.S. S.T. E.T. E.S. S.T. E.T. E.S.

II. Tinr. Distrfbutim of fnet'9 (All Fi~ are ~oes)

Staff Pcross Energy ktivttiesl/
A-:- -tiiifha

~roved Stoves - - 10 - -- al 100 ~ 35 1m 75 75 100 10 f()

2. Solar Watfr t\!aters -- - 10 - - - - 10 10 - 5 5 - 10 10
3. Solar Dryers - - 10 - - - -- 10 5
4. Water Mills - - - -- - - - 10 15 - - -- - ~ ~

5. Biogas Plant - - 10 - - 3l - 10 3) - 3) 3)

6. fflJIer TedumlOQtes - - f() - - 60 -- 10 15

B. '(~~
• Stan!s - - 10 - - 10 1m fD 50 100 50 50 100 70 70

2. Solar *later ~ters - - 10 -- - 10 - 3) 25 - 20 20 - 10 10
3. Solar Dryers - - 10 -- -- 10 - 10 15
4. Water Mills - - -- - - -- - -- - - l) :J) - 20 20
5. B10gas Plant
6. OUter Tedtnolog1es -- -- 70 - - 70 - 10 10

C. MJstang
1. ~Stoves -- -- 10 - - 10 - «) «l - «l 50 -- ft) 9)

2. Solar Water teaters - - 10 - - 10 - m 2D - 10 5 - 10 10
'"C

3. Solar OIlers - - 10 - - 10 - ]) ]) - 3) 25 - 31 iII Sli'
co

4. Water Mills - - - -- - - - - - - l) 20 - 31 20 ..
5. B10gas Plant - - - - - - - - - - - - - - - >.
6. 0ttIer TedtnolO!ries - - 70 - - 70 - 10 10 - - - - - -- W

I
co

" 11 Sa.rce is est1l1Btes frail A.~ am G. gaya. £nergy ~a1tsts.

'lI IE.S. =~ Specialist; 'E.T. ='I~ ~re an; S.T. = St1we Teem1ic1ian•

• I • , , 'I I
, II' I" 1'1 'II I I' ~ I' I " ~

.. ., ... III
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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 A4/a~

Page A.3-11

~st Components All Figures in Nepalese Rs. by HMG Fiscal Years --
FY 80/81 FY ~1/82 FY 82/A3 FY 83/R4 FY M/85

'I. Allocation by Districts
and fechnoloqy17 (cont'd)

C. Mustang
1. Improved Stoves

a. Install atf on: --
i. E. T. S&T 6,082 7,336 10,092

if. S.T. SAT
iff. Subtotal 14,191/1 6,082 7,336 10,092

b. Alim. (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. Insta II. I Eo I. Sc!-T) 3,041 1,834 2,018
b. Adm. (Eo S• 5& T) 4,431 8,070 4,804 1,412 3,094
c. Subtotal 4,431 8,070 7,A45 3,246 5,112

3. Sol ar Dryers
a. Install. (E. T. S&Tl 4,561 3,668 4,037
b. AtitYt. (E•S• S&T) 4,431 8,070 7,206 7,064 6,18R
c. 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. Sr\T) 5,651 6,188
c. Subtotal 11,153 10,225

5. Bioqas Plant
a. Install. (E.T. S&Tl'
b. Adm. (E. T. S&T)
c. SUbtotal

6. Other Technolog1es2/ 31,017 18,092 3,923
-

'7. 56,493 39,225 46,595 51,125
-

Grand Total 44,310

stimated equal to FY 82/83 cos~s times 7/3, the ratio of installations,
FY 81/82) + (FY 82/83)
ee page 2 ~or a list of other technoloQies.
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IV. IRRIGATIONll

A. Introduction

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 incomea to the uncertainties of weather and agricultural markets.
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 levela and ineomea of farmer. by increaaing ara
ble cropland and allowing more crop. to be grown in a given year. Since
little arable land exists in the hills that is not already being cropped,
Chis incr~u~~s the pressure to clear range and fore.ted area.. Nepal's
favorable climate would allow two to three crops to be grown a year in most
areas exc~pt for the lack of water during the extended dry sealon. 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 income. will be
increased and standards of ~iving improved •.

Despite abundant water resources, only 20 to 25% of hill area croplaad
is irrigated. Much of this is supplementoary, irrigation beinl·proYidecli.~)'.l'''
small streams and springs during the rainy sealon. After the rainy se~jQn .:,
most of these sources dry up. Diveroion of water from larger .treama ~·f

rivers is generally beyond the technical and capital re.ouree. of the local .
people.

B. Physical Activity Targetl and Completions

As $hown in Table IV-l the RCUP projdct has undertaken 20 irrigation
projects with a total cost of $1.7 million. Six project. have been com
pleted to date while the remaining projectl are expected to be completed by
the dates shown in Table IV-I.

c. Theoretical Benefit. and Costs of Irrigation

There are four direct benefits to develop~ent of irrigation systems in
Nepal. First, when irrigation water become. available higher yield. can be
achieved ainee the irreautaritie. in rainfall can be smooth.d. Parmers have
direct control over water application and at leaat the problem of too little
water for crop. i ••olved. Second, more profitable crape that require
incr~ "uoU'of water can replace less profitable crops. The last tWIi)
typ~.~'.."bI.. nefitl are similar -- more land can be brought under cultivation
a~~ "tbac wao cultivated prior to provision of irrigation water can be
crop '. fa intenaively.

lIThia paper represents one component of the Agriculture/Irrigation
atudy. It was prepared by Kerry Livenaood baaed on estimatea developed by

•.Ganeah Shirakoti.

"

I

~\
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TABLE IV-l

RCUP Irrigation Projects

--

Architect
Projected Construction and
Completion co.t Eng i nee ring

Date (RuDees) CO!it (Rupees)

Gorkh:l

1. Ampipal 1983 189,312 100,000
2. Muchoktar 1985 568.619 34,579
3. Chhoprak 1986 4,048.340 120,000
4. Mallatar 1985 3,440,452 140,000
5. Kuchok 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. I~ 73 115,000
2. Ghatan 1984 852,1.,',33 120,000
3. Jheen 1986 1,402,7';2 31,000

Mustang

1. Lamangthans 1984 629,171 101,717
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. Ghalli. (Ward 1-4) 1986 166,132 6,988
7. Tukuche 1985 670,483 37,000
8. Macpha 1984 385,000 17,470
9. lunjo 1985 670,483 37,000

·r

i'~1~: '.
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, ' " Thull. incremental benefits alld costs are due to changea in demanda
placed'on environmental reaourcea. Availability of irrigation water u.ually
re.ulce'in .ubatitution of'paddy for maize. This type of substitution
u.uall':reducel chi requirement a for fertilizer and. indirectly. livestock.
llowever;, the' increaaed cropping opportunities resulting from availability of
irrigation water may increase the use of farmyard manure. The need for
fodder and browse to feed liveltock to produce farmyard manure is one of the
mOlt .erioua problem. facing forest and range managera. Annual burning of
the forest to increase browse greatly increases the time required to
regenerate the forest. Eroaion on grazina landa from overgrazing can also
be attributed to the high demand for liveatock feed.

Thou~h profits generally increase after irrigation water becomes
available, ~osts also increase. Higher levels of inputs such as seed~J

fertiliz~rb and labor raise costs. and if these inputs are not available,
profits will b~ affected. One of the moat important input. i. the provision
of increased technical support to farmers. New crops require new technique~

that must be learned. Extension workers must be available to help in the
transition to more profitable crops.

A case study wi 11 be used to i llusc rate the changea in cfoppina· !..,.....

patterns. yields and retu~ns resulting. from conatruct~on of a i~ri••tioI.tJ;~·.;;,
system. The case study wlll also cisnfy the asaumptlon. made In '. ';7.
calculating benefits and costs of other irrigation projecu that have 0 ~"
will be undertaken. ,:...,.-'

D. Case Study - Dhuwakot Panchayat

1. Set ting

The Dhuwakot irrigation system is located in the Gorkha District at the
co~fluence of the Chukti and Rigdi rivers. The 50 hectare coemand area is
dry flat benchland ,(tar) and has high ?otential productivity with
irrigation. A baseline survey conducted in February/Harch 1984 (~ood, 1984)
found approxi- mately one hundred famil ies farming the land that will be
irrigated by the project. Two castes of people dominate in the com.unity.
the Kumal (SOX) and higher caste Brahmins (50%). '

2. ~siln - Implementation

',' Tb.~: .y.te. va.::.'designed by a consulting firm located in Kathmandu. The
>- fimS"',' i_ced. that, the project would COlt about NRs. 1,831.000 or NRs.

" ",,;' '" 3~. , !oF: irrigated heccare. Construction began in 1982 and work. was'
" ;< "V1l', ,. 'co.ple~e in December 1984 with some floodgate. to be installed and

" ~.':':<":: only .inor. maintenance and fi.nishing work relliaining. Actual expenditures
,~.~:,:, were NRI. 1,811,109, as reported in Table IV-l.,

·,t..
"'r

"I-.f

...-....

", .1 Few .ignificant problem. were encountered during the deaign or
con.truction phase. A number of houses were moved during the con.truction
phaae by the owners, and compensation had to be paid to one, homeowner for
land,used for the offices and main canal. A,s~all mill was also moved due
to the diversion of water for the canal •

.,"",

..

.• : .... t
'. ,
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13.~· CroppinB Pattern,

A•. ':"'o~ in 'iaura lV-it prior to irrigation 25 hectares of the command
.rea w.~ irrialted by individuals able to utilize small sprinSI or streams. 
Thi. allowed 25 hectares of mon»oon paddy to be grown under irrigated
conditions. The flow of many of these sources drops off after the monsoon
seasoo 80 that thore was considerable risk associated with a post-monsoon
crop of wheat. Favorable rains were needed on much of the area to assure an
adequte yi~ld. Small potato patches were sometimes grown bue the molt
important ~rop from year to year in the irrigated Irel during the
po~t-mansoon season Wd~ wh~at. ~heat area varied from approximately 18 to
25 ha. During the mllnsoon season a crop of paddy was grown and th~ ar\'a ',n.;
loose ly L llOW during tile pre-monsoon season with some maize be iog growl<
where irrigation wat~r continued y~ar round. Information on the area in
maize is not available but was of relatively minor importance.

FIGURE IV-l

Cropping Patterna for the Dhuwakot Project

Pre-Monsoon

Before Project Cropping Patterns:

Monaoon

t··.;.···.
I·~. ;';,
'if'.Po.t -Mon'oOd -

Irrigated

Rainfed

~s Ha
maize/fallow

25 ha
fallow

25 ha
paddy
25 ha

rainfed paddy

.25 ha
wheac
25 ha
fallow

After Project Croppin~ Patterni

Irrigated
50 ha

early paddy
50 ha
paddy

50 hi
wheat

4. Tran.ition to Pull Utilization
.' ....:: .... '..... 0''';," ~;:.f:t!A,"

.•~,. ",t.. pac~.rn••fter the project will require a nu~ber of years to
. I.C' .. ... tb. ·pattern shown in Figure I, due to the time it takes
. indi:~",. :,farun to build the earthworks necessary contain the water. Th~

areac. chana' in cropping is the addition of 25 hectares of irrigated land
and th. _bility to srow a pre-monsoon crop of paddy. The entire area will
evefteually be pianeed to an early rice crop, the monsoon paddy, and a pOSt
manloon wheat crop with some area devoted to minor crops such a8 veaetables
and potatoes. .
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The converaion of land to irrigated paddy requirel l.bor that i.
provide4::by the individual farmer. This converaion period will require
ap~roxi~tely th~ee years. On-sit~ discussions with farmer. indicate that
approxijately sal of the land will be converted to paddy in time for the
pre-monloon jealon of 1985, 75% by 1986 and all 25 hectares by 1987. The
actual area pLanted to different crops in theae years also depends on ehe
individual farmer's experience with the pre-monsoon paddy and pose-monsoon
wheat crop. Evidence from a similar project (Peabody, 1983) supports the
adoption rates given in Table IV-2.

'l'ABLE rV-2

AREA CROPPED IN H. ECTARES BY YEAR

i
Crop 83/84 84/85 85/86 86/87 87/88 88/89 I

I
Monsoon paddy 39 39 40 44 49 :iu
Rainfed paddy.!.! 9 3
Pre-monsoon paddy a 34 39 44 49 SO
Wheat 28 34 39 44 49 5",, ,
1/ Leu ".' o- f.

land was planted in rsinfed paddy in 83/84 and 84/85 because 'i'construction. "., -... .-
many terraces were under • 1-" •• , •.:,~.

5. Yields and Production

Dhuwakut is expected to reach full capaciey by 1988/89. Yield' will
increase due to availability of irrigation water and due to use of i~proved

practices. With project and without project yields are given in Table
IV-3.

6. Economic Analysis

Returns toirdgation depend on changes in yield8 which affect
revenue., and input. which affect COitS. Revenue changes are summarized in
Table IV-4.

'.~ ~" .

('.. ' ,
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TABLE IV-3

WITIl AND WIntOUr PROJECT YIELDS

W/P
Yield

Crops by Type of Water Source kg/ha

w/O
Yield
k Iha

Change in
yield

k /ha

,,'d ..d LU f,,, I i.rrigati':lll
11 f..:.1 Lu " .;t:~d

, I" 1,16 p:ldd~'

I~heat

Partial to full irrigation
Add it ional4/

2(,01) I 1
2GO(,11
3100 11

18001
1800

19951/
185021

1342 3/

605
750

3100

458
1800

1/ Yields from Peabody, 1983.
21 Yield from Agricultural Statistics of Nepal, Summer Crop
Production and Area. Gorkha District, av~rage for district.
3/ CEMAT, 191:i2.
41

TABLE IV-4

NET REVENUES ~'ROM IRRIGATION

Change Total Total
in Yield, Yield. Revenue,

P;.ldd ha k Iha 'OOO/k Rs.

Parda 1 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
'~ ~i.•:.~

Rainfed & pArtial to 25 458 30.00 2.75 31,475
full irdgation

Additional 25 1800 45.00 2.75 123,750
TOTAL REVENUES 846,500

-
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Cost. of production are based on the detailed estimates developed in
the Isricultural section. In the Gorkha di.tr{ct these costs include the
addit ioe of chemical fert ilber, manure. le88 family labor due to le..
weedina. le•• bullock labor and the application of some insecticides.

The coat of convarting unirrigated area to irrigated is paid by the
owner of the lind either by hiring laborer. or by conltructina the dikel
with family labor. Some landowner. 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 lesl irrigation water in
the first year. were planning to convert over a pedod 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 i~dividual farmers.

TABLE IV-5

COSTS OF PRODUCTION

W/P W/O Chanae Total
ha Rs. Rs. RI. R••

;add~
art lal to full 25 5604 4667 937 23.425

Rdnfed 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 return. with the project. equals Rs. 413.250 annually
once the final cropping pattern il reached. Table IV-6 shows the steady
increaae in annual return. over conversion period.

The architect and enaineering firm responsible for the desian of the
Dhuvako~ project allo de.igned four other projects with a single payment for
all. O.liln co.t. attributable to the Dhuwakot project are. therefore. not
preciaely known but were determined baaed on the relative lize of the
project. Total paymentl to the engineerina design firm were Ra. 174,000
for the four projects and Dhuwakot represented 48% of the total construction
COltS.

Maintenance and operating co.ts were estimated by the contractor to
average 10 percent of construction costs per year (CRMAT. 1982).
Conatr~ction coats were spread over a two year period. beainning in 1983
through 1984. The expected life of the project is 20 yearl (CEHAT. 1982).
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TABLE IV-6

R8T~1UII TO CROP PRODUCTION ON COMMAND AREA OVER CONVERSION PERIOD

Paddy "'heat IPart i at Rainfed Partial
To Full To Full Additional To Full Additional Total I

I
I

'n/8i. ha 25 14 0 25 3 \1Ii1
b~nefit 55,350 38,430 0 31,475 14,850 11. () I I o~ I
co :it :!J,425 13,118 0 17,350 10,662 6/" ') '5;

'~!l /85 ha 25 14 34 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 I

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 3,3 1 !42-

86/87 ha 25 19 44 25 19 .".....
benefit 55.350 52,155 499,224 31,475 94.050 732 ''lilt
coat 23,425 17,803 246,576 17,350 67.526 3721'~O' :

87/88 ha 25 24 49 2S 24
benefi t 55,350 65.880 555,954 31,475 118,800 827,459
cost 23 425 22,488 274,596 17,350 8S,296 423,155

Since condtruction costs involve use of unskilled labor which 'is paid a
Wtlgd above th~ market rate, some adjustment of construction cost is required. ..
The World Bank (1981) found that approximately 55 percent 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 co.ts are summarized in Table IV-7 by year. Discounting the
above cash flows usina lOI/year opportunity cost of capital gives a total
present value of benefit. equal to Rs. 6,078,959. and Rs. 5,499,388 of C08t~.

This would mean a benefit-colt ratio of 1.11, 8uggedtin~ that this particull(
irrigatio~;p',oj.ct va. ~rth undertaking .•.......~.'"..

.. . ' .. ' .~.:; -. .':'~~':''':; ;",;'

. .~ :I. ""->-'~~:.> "". '. ,.> '. ",

\..

'-
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TABLE IV-7

BBNBrITS AND COSTS 011' mWAl<Of IRRIGATION PROJECT BY YEAR

Costs- operation & Architect &
Year Benefitlll Production~/ Construction Maintenance 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
85/86 639,794 323,142 128,589
86/87 132,254 372,680 128,589
87/88 827,459 423,155 128,589
88/89 846,500 433,250 128,589

II II II II

II .. II I~ II

2003/04 846,500 433,250 128,589

llFrom Table IV-4.
2/From Table IV-5.

E. Overall RCUP Project Results

The henefit-cost ratios for the remalnlng irrigation projects were computed
using the same conversion and adoption period that were assumed in the Dhuwakot
project. Total crop benefits and costs upon full implemeotation 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 IV-8

BENEFIT-COST RATIOS FOR ALL RCUP'IRRIGATION PROJECTS

Gorkha Mustang

1. Aap'ipnl 1. 09 1. Lamanthang 1.45
2. Huchoktar .76 2. Kagbeni .45
3. Chhoprak .70 3. Chhonup 1.01
4. Mallatar 1. 06 4. Charang .67
S. Huchok 1. 06 5. Ghami .93
6. Jaubad 1. 25 6• Ghallli ward 1-4 1. 31
7. SilDjung .79 1. Tukuche 2.41
8. Dhuwakot 1.11 8. Marpha 2.48

9. Kunjo 2.76
Myagdi

1. Begkhola .93
2. Gbatan 1. 81
3. Jheen 2.15
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F. Imelications for Adjusting Targets in RCUP

It i. not obviou. whether there is some difference between the loven
projecti that cannot be justified and the thirteen that can. A benefit/cost
ratio of 1.0 or hiaher indicatea that a given project represent8 an economicall
efficient allocation of resources. All di.tricts had projects that were
juatified, and there .eems to be no clear relationship between size and economi
efficiency either •• measured by command area or by con.truction co.t.

One hypothe.i. which de.erves further examination is that there may be
excessively high quality being applied to the architectural and engineering
designs 8a well a. for the construction work. Certainly the quality Itandards
evident in the Dhuwakot project would be difficult for rural relident. to
finance without significant subsidie8 fromHHG. Lower quality for
architectural, engineering, and construction work would yield higher
benefit/cost ratios if the quality standard. are unnecessarily high, since the
reduction in pre.ent value for benefits will be Ie•• than that for cost ••

With the majority of RCUP's irrigation project, appearing to have
benefit/coat ratios which exceed 1.0, we can safely conclude that thi. type of
~ctivity should not only be retained but probably expanded in scope. Further
examinatio~of each project will no doubt yield more preci.e guideline. for
adjusting targeta.

... Harch 1985
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VI. DRINKING WATER1/

A. Introduction

1. Overview

Piped water systems in developing countries reduce the incidence of
waterborne disease which are a major cause of sickness. Among small chil
rlren 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
i~;v~tant activity that could be undertaken to improve the health of people
livinc; in rural areas. In addition to reducinq the incidence of water-born
rliseases, the greater convenience and availabflity of water allows greater
cleal1liness which reduces hygiene related diseases. Time saving benefits
rG5ult from reducing the distance to water sources, thereby giving increased
time for leisure or other productive work. In Nepal these time savings to
those fetchi nq water can be consi derabl e si nce a large part of the popul a
tion lives in hill areas where sprinqs, thouqh plentiful during the wet sea
son, are difficult to reach on steep paths. Due to the monsoon climate with
its extenrled dry season, the flow of existin(J springs is greatly reduced
cturina three to four months of the year. Durinq this period the time re
Quired to fetch water increases from ten to thirty or more minutes per trip.
Women, usually responsi bl e for water fetchi ng, may make from five to ten
trips per day dependina 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 villaqers 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 desiqn life. Without a workable pricina
or taxing system, and since the water is publicly provided, there is little
incentive for individuals to take over the responsibility of caring for the
system. Systems are someti",es bui It for dry season conditi ons even thouClh
water is abundJnt durinq six to ei(Jht months of the year. Such a system, if
not more convenient than wet season sprinas, may not be maintained durina
the wet season. Thi s resul t may mean that the new water system wi 11 not
work when it is needed during the dry season.

Water like 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 enqineering problem. However, all of the above
problems are primarily not engineering but social problems. The most impor
tant prob'~m with plannina village water systems is that there is not enough
donor money to huild a new system in every village regardless 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 henefited by a
water system more than others, and knowledge of benefits and costs can aid
in making the decision of how and where to build water systems.

1/ This study was done by Kerry Livenaood.

--
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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 s'lnce 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 suffi ci ent to ensure that the health of the popu1 ati on 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 project has not undertaken
to educate villagers in !'Iea1th ~nd sanitation practices. Instead we ca1cu-
1ate the number of incremental days a water system must save in order to
justify bUilding the system.

Since health benef'~ts from drinking water system improvement may be
small and have proven c!t ffi cul t to quantify, a benefi t-cost ana1ysi s of 
water system development ~elies primarily on benefits received by users from =
time savings. Time savi ngs are more easily measured than heal th benefi ts
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 wi th no economically productive alternative use of time wou1 d 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 1abor 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 tima is worth at least the benefits that are foregone.

3. Alternative Jechnical 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 gravi ty flow systems whi ch do not requi re pumps or treatment of _
water. Storage tanks, pi pes, break pressure tanks and tapstands are the
major components of a village water system. All the systems in the project
involve gravity piped systems delivered to public tapstands. In Nepal two
approaches have bee" 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
professi onal constructi on services. There are probl ems wi th 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 IS climate of gov
ernment bureaucracy is not only time consuminq but, due to lack of mainte
nance and problems with siltation, often does not result in a 10naer lasting
system.

For all but the Tapl e project RCUP has chosen to : "Ii 1d water systems
without reauirinq vi11a~ers to pay for systems or contribute labor to system
construction. There is quite a 1enathy process involved in plannin9 and
building a water system, The planning process for each system involves RCUP
en~ineers, and engineerinq design firm, a building contractor, an agency of
the government, and villaClers. Each system has a design phase which in
cludes site selection, surveys and estimate'S, and a building phase. The
RCUP engineers are responsible for overseeing the desian phase. A consult
in~ engineerinq 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 pro.iects while the Ministry of Panchayat and Local
Development handles smaller projects. The role of the two qovernment agen
cies involved is to oversee the construction phase of each system.

Local peopl e woul d not usually know how to mai ntai n 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
repai r the mal functi on, they waul d not have the proper tool s 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 vi11aaers 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 thou9h ma1 ntenance
workers had been trai ned and had received tool s still some systems were
often not being repaired.

An alternative to the reliance on professional help is to include a num
~er of villagers in the construction of the system and reauire 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 ni ne to serve as a trai ni na 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 ill'provina water
collection tanks at the traditional source of water (kuwas) with villager
hel p under the gui dance of an Ameri can Peace Corp Vol unteer. One tap was
constructed in the center of the village by the maintenance workers while
all other taps were to be constructed by a contractor. The single tap con
structed by the maintenance workers has been in operation for near~y a year
whil e the contractor has yet to compl ete the remai ni ng 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 reporterl to be heavily utilized during the dry season.



-4-

An al ternative to the two methods presently used to hui 1d 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 thi s probl em and at the same time to provi de safe water at natural
sources is to buil d the system only to provi de 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 improvecf with vi 11 ager assistance by bui 1ding en
closed reservoi rs at the source and by protecti ng the watershed above the
source from contamination.

Based on past RCUP experience and the above discussion, an analysis of
two alternatives would seem to provi~e both a critiQue of past policies and
a guide for future action. These alternatives are:

a) The approach as utilized by the project.
b) Provision of one third of costs by villa~ers by reQuiring villagers

to provide labor to repair and protect natural sources and construc~

tion of a system designed to provide a minimum safe Quantity of
water for the dry season.

B. Physical Activity Targets and Completions

The RCUP project has undertaken twenty three projects reQuiring approximate
ly $705,000. The targets for developing drinking water systems prepared in the
ori gi nal desi gn study were over-ambitious and they under-estimated the cost of
building drinking water systems using professional construction services. The
ma,jor cause of under-estimatino costs was not incl uding sufficient fees for de
si ~n of systems by archi tect and engi neeri ng fi rms and for contractors to buil d
simple gravity flow water systems. For example, the design study cost estimate
for the Shrinathkot systems ~as 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 includino design cost but not including the cost to the project
to oversee design and construction.

Table VI·! presents data on dr1nk1na w~ter syst~ms which have been comple
ted. Column 1 gives the name of each system accordino to Panchayat in which it
is located which mayor may not be the actual name of the village. The location
by wa rd number is given in column 2 and system cost inc1udi n9 archi tect and
engineering design costs is given in column 3. The year or expected year of com
pletion is given in coluI"n 4. The population to be served by the system in the
base year and at the end of I!' years 1s 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 ~iven in column 7.

!
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M.E VI-1

LOCATI~ (f CCM'LETED OOIN<Itli WATER PmJECTS

(1) (2) m (4) (5) \O} -en
sun: DISTANI

LOCATIOO IN WARD COST, PS. YR. P<PllATIOO, -ocrr tel TO llD,
PPHltAYATS YR.O/YR.15 MINJTES

A. Qlrkha
~na1:t*ot 1-6 l,ln,448 84 1639/l2ai spnng rher l)

2. M1naknna 3,5-9 266,660 84 464fi87 spnng nver 25
3. Ktq)lang 2,4-6,8,9 1,093,011 84 2124/2858 spnng river ])

4. Jauban 2,3 391,003 84 758/1ro> spring nver 46
5. lJuiakot 3-5 '117,18) 84 fU8fi43 spnng river 15
6. Palunatar 9 510,092 84 2335/3445 kua river 10
7. 0hlpF-rJc 6 593,240 83 1533/2063 spnng nver 33
8. Saurpani 14 484,036 84 712/899 spring spring 15
9. SiJ11jung 1-6 1,039,622 84 2256/2863 spnr19 nver 10

10. sera 1,353,467 A4 2454/3114 spnng spring 18
11. Taple 1-5,9 1,373,8}2 85 3331/4483 var'es 15

B. "tIa~

12. Piple 4 213,434 84 tm/593 5
13. Baraha 14 648,733 86 1222/1645 old ~ 5
14. Paktll Bha~ti 8,9 373,201 P.4 723/1048 6
15. Jhee 1..1) 405,5C6 84 1732/216C; spnng stream 5
16. ~ 5 193,049 85 215/479 spnng spnng 6
17. ~ (Tatopani) 9 ])2,005 P4 487/655 strean strean 5

C. r.\Js~lB. sang 5,6 128,(XX)
19. OtIusang 8 73,500
2O.M1rpha 14,9 655,853 ~5 1147/1434 canal strean 5
21. KCNlng 6 107,472 84 87/118 canal 5
22.~ 3,4 115,829 84 201/251 spnng 4
23.~ 1-8 212,385 84 fJJ3fi53 canal spring 5
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C. Costs

Estimated costs of system construction were minutely detailed in reports
prepared on each system. RCUP costs and engineeri ng desi ~m costs were a1 so
available from bUdgets. The architect and engineerin~ CO!;ts were approximately

·81, of total system construction cost. Labor costs were approximately 351, of
total system construction cost. Thouqh each project was carefully planned, the
connection between the design and actual product depends on the monitoring ef
forts of the qovern~ent agency responsible. In the design report, the consultant
estimates the cost of the system. These costs were, in most cases, considerably
hi~her than actual construction costs. Without careful monitorin~ there may be
little connection between what was desi~ned by the consultant and what was built
by the contractor. Consul tant fees as hi Qh as 81, shaul d al so cover the cost of
some monitorinQ activities. '

Information on all systel"s was not available sfnce 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 SavinQs in Travel Time

A potable water supply makes ohtaining water more convenient when gravity
pi ped water replaces streams and spri n~s. Those who fetch water will have more
time to devote t.o other activi ti es. There are two effects from constructi ng a
water system. First, therp. is a time saVing 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 wa1kin~ 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 IT1itrle on trips that the con
sumer was not willina to I113ke when the water was less accessible. These two
types of savin~s are consumer surplus benefits.

Calculation for productivity benefits can he summarized as follows. First,
it is necessary to detemine the amount of labor time needed to carry water for
one year's time for each villaqer. 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
assumpti ons for wai ti ng time dur1 ng the wet season anet dry season. The time
required to haul water each year from the old water source is calculated and ad
justed for varyin~ time taken duri n9 the dry season and wet season to fi 11 water
containers. Based on field studies, the lenqth 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 villaoe in the Gorkha district conducted for
this study, waitin~ time durinq the wet season was found to averaqe 7 minutes
during the wet season and 14 minutes during the dry season. In equation form
labor time for hau1in~ water for one trip per day for one year is:

TV = 91 [(2 x OW) + 14J + 274 [(2 x OW) + 7J
where

TV = ti~e in ~inutes required to make one round-tri p per day over a
one-year oeriod

OW =one-way time in minutes reauired to walk to 01 d source
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For t~e Shrinathkot system a one-way trip to the sprinq requires 30 minutes.
This means that over a one-ye~r period 25,092 minutes will be needed to make one
round-trip per day carryin~ water. Assuminq an eiaht hour work day this is ao
proximately 52 work days which is determined by dividing by the number of ~inutes

in an ei !lht hour work day. Thus,

TYL =TY/480. where TYL is defined as the workday eauiva1ent of TY.

The number of trips pp.r year by everyone in a vi1laQe depends on the amount
of water used in the home by each per'$on, the num"er of people in the villaqe,
and the amount of water hauled on each trip. The typical container used to haul
water holdS aporoximately 20 liters. Water usage in most studies have analyzed
total water consumeti. Only the water- carrie(i is relevant in this situation.
Studies in East Africa (White. fit a1 .• 1972) found that water requirements are 4
to 18 1fte~s per person per day. Since water is available while people travel to
and from the fields or other locations, water hauling over longer distances is
limited to water needed in the home, while other w~ter 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 making 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)/20J,
where

LTO = days of 1abor time per year spent carryi na water from 01 d
source

P = number of people benefited by new system in a 9iven year

For Shrinat~kot 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. Thi ~ Quantity re
auires 8.195 liters of water per day. At 20 liters of water per trip this is
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 fetchi ng water us i nq the new system is cal cul ated by com
puti ng the total amount of days reQui re(4 to haul the sa",e 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 tim~ exoenditure also includes less time spent waiting
in 1.i ne duri ng oeri ods of low flow si nce the tap system wi 11 be IIIJch IOOre depen
dable. Taps are aenerally built within a five minute walk of all users. Some
users will come from further distances during the dry season, but qenerally the
number of users is limited to the vi11a~e area. For most of the year there is no
waiting time at a tapstand other than the time required to fill the container.
The survey of tapstand users in six vil1 ages found that the average time at ell
tapstan~ was under three minutp.s. For the new system, therefore,

· -1
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TYN ~ 365 [(2 x 5) + 3]/480,
wherp.

TYN Z! time in workdays per year spent carryin(J water from the new
tap.

For the Shrinathkot system the "with system" time reouired for one trip per
. day eQua1s 9.9 1abor days.

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

LTN = P [(TYN x 5)/20),
where

LTN = 1abor days spent carryi ng pre-tap system amount of water for
all users benefited.

For the Shrinathkot syste"" total labor time after the tap system is con
~tructed will be 4,056 lahar 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
lahar (eoual to LTO minus LTN).

Wat~r consumption increases when the distance to a water source is greatly
reduced. Since there is not sufficient data to esti",ate the demand for water a~

a 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 thre~ times wHen taps are made available in the
home. Carruthers (1973) found that users close to W;:J ter stanc1s used quantiti es
greatly exceedin~ more distant users. Water from a taostand is Not only nearer
but the flows are more dependahle and reQuire less waitino til"le during the dry
season. A UNICEF surveyl/ of four systel"ls in Nepal found that average con
sumption was 27 liters per head. Of this amount 42% was carried to the house
hol(l. This would indicated that approximately 11.3 liters per capita are hein~

carried from water taps, though this estimate mioht be hiqh due to problems in
measurement of flows at one system. Based on these stu~ies wp will assu",e water
consumption doubles when travel time is rec1uced by 15 Minutes or more. This
~ssumDtion is conservatively biased since the analysis of water supply situations
1n the vi 11 aoes before constructi on of the tap system (stUt:ti es carri ed out by
RCUP duri no the desi (In of each system) found that c1uri n~ April and May many
sources will be d~y. When a source dries up the villagers must walk lon(Jer dis
tances to obtain water.

Since the increase in trips could r~su1t in increased time spent fetching
water, OUr measure of labor time saved measures tneareas under the linear demand
curve for water above the new tri p cost and to the ri 9ht of the 01 d quantity of
trips ta~en. This is compute~ by subtractin~ the num~er of trips spent from the
new number and multiplyinq by one-half the change in trip time. For the
Shrinathkot system this is 8,685 days of lahore Total time savings eauals 25,933
days.

1/ See UNICEF, I~P4, Results of Water Consumption Pattern Survey, Lamidana
Field Office. Eastern Development Region. Unpublished Report.

..
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This information can be conveniently illustrated on a diaqram showinCl the
demand for water as a function of labor time.

Fiaure VI-I. De~and for
- Water Carried Fro~

Source to HOllsehol ds

9. 9 I-----t----~

52.0 I----~

Labor Days
Per Year

Trips/Year

Labor time is multiplied by the alternative waqe rate v which in this c~se 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, savin~s the first year eaual Rs.
1Al,531. However, the population of Nepal is increasing at 2.61; per year, so
there will be additional users each year that the system is in operation. Since
there is some evi dence of out mi grati on from the Hi 11s, 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 1A2,420
1985 1,672 186,094 169,176
1986 1,705 189,767 156,832
1987 1,739 193,551 145,418
19~8 1,774 197,446 134,~58

Total Benefits 788,704

A summary of the assuMptions userl to calculate benefits is aiven helow.

1. Waitinq time without a system is 7 minutes durin~ the wet season and 14
minutes during the dry season.

2. Water consumpti on wi thout a system is 5 1i ters per day per person and
increases to 10 liters per ~ay after the systpm becomes availahle.

3. Wafting time with the new syste~ is 3 minutes year-round.
4. Twenty liters of water is carried per trip.
5. The population growth r,~te is 21; in Gnrkha antf Myagdi and 1.5% in

Mustang.
6. The en9ineerin~ design studies sugqested a 15 year life for the water

systems. However, after an informal survey of Mustanq, Gorkha, Myagdi
and Makwanpur districts and in the Kathnandu Valley few systems were
found to be in oDPraition after only five years. For this analysis three
different lifetimes for systeMS has been used, 5, 10, and 15 years.

.I
..~



-10-

7. Mai ntenance 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 life and
Rs. 600 for a 15 year life. Large systems often hire maintenance work- rJ
ers while small system users usually contribute rice or maize to a main
tenance worker.

a. 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 wa~e rate paid. This requires an a
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 assumpti ons and adjustments, a computer program was
developed to calculate the costs and benefits of those systems that saved more
than 5 mi nutes per tri p on the average. El even systems qual1fi ed based on this
criterion. The results of this analysis is presented in Table VI-3. Differences
in roundi ng methods account for the Rs. 788,704 of benefi ts estimated above for
Srinathkot compared to Rs. 788,541 reported in Table VI-3.

Out of the 11 systems that can be evaluatAd based on travel time savings, ~

systems have a B/C ratio greater than 1, assuming a 5 year stream of benefits.
Without proper ",ai ntenance over hal f of the systems that woul d produce posi ti ve
net benefits fall into the "reef". A comparison of benefits for each different
lifetime 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 mP.eting the need for
which they are intended, there will be little incentive for users to maintain
systems. The pro.fect 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 t,"aditional 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 IIlISt walk
farther than the distances required with the large system but less than the dis
tances with only tradit'fonal sources. Taps'tands would serve those who must
presently tra~el 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 waul d approximate the system suggested above. The cost
of such a system could be estimated based on the avera(Je 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 be Rs. 387,348, plus an expenditure of approximately
Rs. 100,000 for repair of traditional sources, for a total cost of Rs. 487,348.
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TARLE VI-2

ADJUSTMENT FOR SHADOW PRICE OF UNSKILLED LABOR

ALL FIGURES ARE IN RUPEES

SYSTEM TOTAL COST A&E COST1/ UNSKILLED LABOR TOTAL ADJUSTED
NO. ADJUSTMENT2I 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 ,lAO 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 43,800 916,156 959,956

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, !l45 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:

!/ abta1ned from RCUP records.

~/ Adjustments were made consistent with the description presented
on page 9.
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TABLE Vr-3

BENEFITS IN SAVINGS OF TRAVEL TIME

LOCATIONS OF SYSTEMS BENEFITS COSTS1/ B/C RATIO

5-Year Life
l. Sh rf na thkot 788,541 1,095,334 0.72
2. Manakamana 179,252 257,953 0.69
3. Khoplanq 1,021,879 1, 01f~ ,036 1.00
4. Jaubari 560,937 401,002 1.40
5. Dhuwakot 128,426 267,704 0.48
6. Pal un9t ar 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

1O. Swara 672,339 1,257,792 0.53
11. Taple 740,124 1,276,500 0.58

10-Year Life
l. Shr1nathkot 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 945,482 421,3 08 2.24
5. Dhuwakot 216,463 288,100 0.75
6. Palunatar 534,823 505,043 1.06
7. Chnoprak 1,376,973 578,4~3 2.38
8. Saurpani 266,638 478,311 0.56
9. Sim:fung 516,728 989,450 0.52

10. Swara 1,133,266 1,278,188 0.89
11. Taple 1,247,523 1,296,89R 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,EiA7 1,063,702 2.07
4. Jaubari 1,209,109 446,668 2.71
5. Ohuwakot 276,819 313,370 0.A8
6. Palungtar 683,949 530,313 1.29
7. Chnoprak 1,760,911 603,753 2.92
a. SaUfiJGfii 340,C1a9 503,581 0.68
9. Simjunq 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
rlisount rate are Rs. 9,098, Rs. 29,494, and Rs. 54,764,
respectively.
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With a cost of Rs. 4137,348 and travel time reduced to 15 minutes and by
still assuming a 5 year life 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-

. qui re the increased i nvol vement. of vi 11 agers in order to i denti fy those tradi
tional sources of water that do not provide permanent water flows year round and
to determine appropriate sites (or 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 st~.nd will actually

take more time since the old source of water was a canal that ran the entire
length of ~he village. For these systems the rationale for building them was not
travel time savin~s 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 savingl; reauired to
justify a system are limited by the amount of sickness that can be attributed to
hy~iene related sources. Based on an economic life of 10 years for th~ water
system and no travel time savings, it is useful to estimate what these time
savings from improved health would have to be in order to iustify building the
remaining systems. Using the computer program, time savings that give a BIC
ratio of 1.0 were determined. This time saving can be compared to days of labor
that might be lost to sickness. This information is presented below in Table
VI-4.

TABLE VI-4

HEAL TH BENEFITS REQUIRED TO JUSTIFY W.~TER SYSTEMS

VILLAGE LABOR/
SYSfEM 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 31.5
17. Doba (Tatopani) --------------------------
18. Chhusang --------------------------
19. Chhusang (WARD 8) --------------------------
20. Marpha 5,150 9.0
21. Kowana 936 21.5
22. Chhonop 1,017 10.1
23. Lomanthang 1,779 5.9

f
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The first column gives the total labor da,Ys that construction of the system would
have to be realized in the village in ord~'r to mesh' the system's costs equal to
the system's benefits. Assuming that half of the villaqers are economically pro
ductive or able to use the time saved in a productive occupation, then the second
column gives the labor time per worker that would have to be saved by the system
in the form of decreased morbidity.

An example helps to clarify the c(Jncept. If the Piple system were able to
save each water carrier 16 minutes on each tr'ip taken, then the followin~ 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.

Includino Rs. 400 per month maintenance costs, prp.sent value of total costs
are Rs. 228,872. Taking account of the Rs. 219,636 present vllllu~ 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 1~E ~IPLE SYSTEM

BENEFITS FOR PIPLE WATER SYSTtM
lIME VALUE OF .......... 1

YEAR POPULATION DAY!, SAVINGS TIME :~~. VALUE RS.
(1) (2) (3) (4) (5)

'. ~

1984 400 4,305 30.135 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
~989 442 4,753 33,271 20,659
1990 450 4,849 33,943 1~,160

1991 459 4,994 34,608 17,759
1992 469 5,044 35,308 I 16,471
1993 478 5,146 36 ,02i.~ 15,277

Total Present Value 219,636
-

Three systems cou1d not be evaluated due to restrictions on collectin~ data.
1'!1e two Chhusang systems are 1n the restr1 cted zone, and the Tatopani system was
founci to ser~le a great number of trekkers whl1\~ local peop7e had previously built
11mi ted privelte tap systems.

Studies have found (McJunkin, 1982) that health savings of up to 12 days can
be obtai ned through the combi ned effects of improved water a'nd use of good heal th
and sanitation practices. Hitl1 12 days as a ~'uide, only four' systems qualify
since all others require more than 12 days which CQuld not be ~~livered based on
potential health benefits.

.1.1
(. f
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F. Implications for Adjustin~ Targets in P.CUP

Based on the above analysis, criteria for future water project construction
and selection coultf be based on time savings and potential health benefits. A
system could be built that would fl1c1ximize the benefits of alternative tapstanc:t
locations by consi dering travel times duri no the dry seasO'1 relative t.o the wet
seilson and by incluclina traditional water sources and their upkeep. Evaluation
studies shoulrl involve villaqers in determining where taos are needed and where
improvements in traditional water sources would be adequate. Villaqers should
also be asked to contrihute at least a third of the cost of the system by provid
i n~ 1abor duri ng the buil di n9 phase. Si nee the vill age women are the most in
volved in hauling and usina wat~r, a program that involves women in maintenance
of the system might be implemented on a trial buh to discover if this vested
interest in the upkeeo 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 reauire more than 12 d~s of
time savings per year should be evaluated for mitigatin9 factors such as presence
of contagious ~isease 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 RESOURCESll

A. Introduction

The Resource Conservation and Utilization Project, in attemptinq to halt and
reverse the rleterioration of t~e Nepalese environment, requires well-trained
workers who understand both environmental relationships, as between vegetative

"cover and erosion, and r~lationships between society and the environment. Ouring
the plannin~ stages of the pro.iect, Nepal had the capability to train, in
country, 200 forest techni ci ans. There was no coll ege level trai ni ng in-country
for the professionals required to l'1ana~e resources such a-- forests, soil, ann
wildlife. Three alternatives elCist for trainin~. Training capability could be
developed in-country, students cOil1 d be sent out-of-country, or personnel with
the required skills could be r,;r"ecf from foreign countries. A choice was made at
that time to develop in-country training capability. The objective of this
tn!inina proqram was to provide a "cadrl? of professionals and technicians in con
servation and utilization of natural resources, and he1r- in institution building
that will Qive Nepal a self-sufficiency in the traininn of future personneL"
The alternative of continuino 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 devel opi nq workers iiI Nepal to the alternati ve of
training the sturlents at schools outside the country.

The approach to devel opi nq a resource management trai r.i r.~ school in NElDal
was put tOQether jointly by a team representinQ the Ministry of Overseas Develop
ment of the United Kingdom and the Agency for Interniltiona1 Development of the
United States. A study tea~ was organizeo at the end of 1978, with the following
objectives:

1. Estimate the number of trai nees based on the reoui rements for resource
managers country-wide.

2. Outline the curriculum.

3. Prepare estimates of staffino re~uirements for both training of Nepali
faculty and expatriate assistance.

4. Estimate costs of developing the school.

The study team also looked at in-service training reauirements of th~ de
partments involved in resource manaqement and at improvements that could be made
in training of technicians at the existing school.

Manpower traininq estimates were based on a survey of the Departments of
Forestry, and So11 an·d Water Conservati on. The survey estimated "deficits II on
a ten-year basis in orrler to determine the nUMber of professional workers that
would be "complete1y ade~uate for the Ministry's needs." The survey determined
that total annual output of the training progr~m would need to he 48 graduates in
order to meet the reauirements of the various departments for Bachelor of Science
level professionals. Thf' stlJrly team urged a staff review as it was felt that
"many of the figures appear tn he high (Woocfs, et a1., 1979)."

11 This stuny was done by ~erry Livinoood.

. ,
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A three-year dip~oma course in forestry, and soil and water conservation was
recommanded 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 qained throuqh working in the public
sector, thi s effectively ensured that only departmental emp10yees woul d qai n
entrancp. at this level. Students with a diplol'la (Bachelor of Science) de~ree

could oain entrance in the second year throuqh takinq a special orientation
·course. Ten additional students could gain admission by this method. Thus.
total output of diplomas could be as hiah as 40 dependinq on the failure or drop
out rate. 1/ For IRNR a two-year certificate or t~chnician 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 n~eded. These would be obtained through overseas trainina. Expatriate assis
tance would total six and would first develop courses and then give assistance to
staff returninq from traininq in foreign schools. Total costs were estimated as
shown in Table VII-I.

The school was jointly funded, with the World Bank providing funds for the
physical facilities to be built in Pokhara and the governments of Nepal and the
Uni ted States provi di n~ funds for equi pment, development of curri cul um, and
staffing. The school was named unofficially the Institute of Renewable Natural
Resources to emphasi ze 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 be~an classes in the fall of 1981 when 30 students were admitted from
various departments of the Ministry of Forest and Soil Conservation. Since
classes started before construction of physical faci 1ities, they were held in
1981/82 in Pokhara at another campus of the Tribhuvan University system and in
the foll owi n9 two years in Hetaura at the forestry techni ci an school. After a
six-week preparatory course, ten students with B.S. deqrees were admitted in the
fall of 1982 into the second year class, and another 30 students were admitted as
first year students.

The fi rs t group of potentia1 teach~rs werp sent to schools in the Uni ted
States beoinnina in March 1980. The first full-time expatriate assianed to the
Institute" arrived early in 19f11 when the Assistant to the Dean position was
filled by a silvicultural'ist from Virginia Pol.vtechnic Institute and State Uni
versity.

Since the first year curriculu," 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 qraduaterl 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 pa~e 1. Thus, the plan
ned output of diploma students is conservatively low.
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; OF COSTS FOR ESTABLISHING IRNR

E:iT IMJ ltD cosTs ('000 Rs.) BY IftG FISCJl L YEARS

COST CATEGORIES TOTAL 1979-80 1980-81 1981-82 1982-83 1983-84 1984-85

Expatriate Costs 970.0 30.0 230.0 380.0 230.0 50.0 50.0

Overseas Training 356.~ 317.0 45.4 48.0 64.0 lA.l 84.0

Staff and Salaries 307.4 - 22.2 51.2 6?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 - 25.8 32.4 44.1 59.9 62.4

TOTAL 3.515.5 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

NUl'mt.K;) ( ;)\UUt.N ~ BY YEAR.5

1981-82 1Q82-83 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 - - - - - 4U 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 III 111 111 111 111 111

I
W
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B. Analytical Method

Cost-benefit analysis in this case involves comparing the costs of the al
ternative already chosen (deve10pin~ in-country traininQ) to the cost of sending
students outside the country for traininq. The costs of out-of-country training
are the henefits fro'" choosinq to develop in-country trainina. If the costs are

·higher for out-of-country trainin~ the benefit-cost ratio will be greater than
one. If costs are less for out-of-country traininQ then the benefit-cost ratio
will be less than one. For almost any product, a deve10pinQ 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 Trainin~ for Faculty

Beginning in 1981 the first of ei~hteen faculty were sent to schools in
the United States to worle on either a Master of Science or a professional
deqree such as a Master of Forestry. Costs include airfare, tuition, books,
stipend, an~ medical expenses. Expenses varied dependin~ on the school and
length of time required to complete coursework. Actual or estimated costs
for each participant are given in Table VII-3. All but one sturlent returned
to the Institute to teach, and all fulfilled the re~uirements for their
degree.

Overseas trai ni nq costs are pro,1ect costs i rvo1 vi nq forei gn exchange.
Do11 ars are be" ng converted through RCUP ; nto ~Iepa1ese Rupees at the offi
cial government 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 trainin9 must be
increased by 20%. This adjustment is made in Table VII-3.

2. Physical Facilities and Site

The Worlrl Bank, as a part of the Community Forestry Program, is provid
inq 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, anrl 5.7 hectares were purchased for
Rs. 157,000 per hectare. Thou{1h 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 cal'lpus 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 business, land values ranqe from Rs. 295,000 _



AGTUAL AND e _ OVERSEAS G COSTS !FOR NEW F~:ULTY

ALL til. IIN'~' AHl:. IN U.~. III All" H' tfoIIG FISCAL YEARS

NAME PERIOD 1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88

l. Balla, M.K. 03/80-01/83 8,428 11.752 2,178
2. Oas. 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. H.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. 0l/81-06/83 11.845 17.555 9.517
8. Karki. M.R. 05/80-08/82 8.896 14.046
9. Karmacharya. S. 01/81/06/83 9,Q93 15.682 7.369

10. Koirala. B. 01/81-06/83 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 14,339 14.339
13. Rayachetri, M. 09/84-03/87 3,000 13.000 10.000
14. Rayamajh1, 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. Sa1nju, 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 13,000 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 '000 Rs. 1,403.6 2,833.8 2.649 ..0 1,378.3 990.7 1.546.6 1.687.2 1.056.0

I
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per hectare to almost l10uble this amount. Land values for pasture and for
estland in rural areas averaqe Rs. 40,000 per hectare hasprl on 1arld reais
tration values. Usin~ Rs. ?95,500 for the 0.2 hectares of level land and
Rs. 40,000 for the hilly area, total opportunity is Rs. 5,~74,000.

Total construction cost of the physical facilities is Rs. 42 , 704,092.
A consicl~rable amount of underutilizecl labor is to be emoloyed on the oro
ject. From the work prooram made ava11a'-'le by the contractors, app,·oximate
ly lAO,OOO man-days of labor are to be employerl in the various stages of
const.ruction. One fift.h of this is skilled lahor paid at Rs. 35 per day,
and the remainino time is unskilleet labor pai~ at Rs. 22 per day. Based on
these fi~urp~, tot~l cost of lahor will be Rs. 4.4 million. Labor is av~il

able in Nepal durino those times of the year when there is little aaricul
tural work hp.ino do~p. on the farm. This is approximately half of th~ year.
Since skilled labor ;s fully e~ployerl and surolus unskilled labor is avail
able for one-~alf the year, we can determine the total payments to workers
which would have been reQuired to hire them away from altern~tive lahar.
This rate is approximately Rs. $3 in the hi 11 area surrounding Pokhara, so
that approximat~ly half of the waaes paid for the 140,000 man-days provided
by unsk 11 1ed 1abor must he ac1.iusterl due to the avail abil ity of surpl us
lahore This arliustment aives a total construction cost Of p.s. 41,696,00 2.
Construction began July 1, 19A4 and is expected to be completed by May,
1986. 1/

Si nce the contractor used the offi ci a1 forei gn exchanae rate rather
than the actual market rate. wt'lich is about 2nQ( hiaher, an adjustment of
that portion of construction costs involvino Materials produced outside
Nepal is necessary. Civil works involve, except for cer1t~nt, locally avail
able rock and brick, while electrical, water, and sanitation systems reauire
materials producecl outside Nepal. Civil works are approxi~ately 78% of the
total construction cost while water, electrical, and sanitation systems make
up the remainin~ 22~. Cement was estimated to make up approximately one
thircl of the civil works cost. Approximately 48% of the total construction
cost i nvol ves forei on exchanoe, thus 48% of thp tot~1 constructi on cost
r~ouires a 20% increase. Allocatina construction costs proportionally over
the construction period !lives costs as shown in Table VII-4 for the years
1984/85 through 1986/87.

The Institute is temporari ly 10catec1 in Hetaura whi le the campus is
hei ng constructed. Some costs have been i ncurret:! to adapt hui 1di ngs and
offices for use as well as ttl rent hostel s for 120 students. These costs
are also included in Table VII-4.

3. EQuip",ent

The equipment for t.eachina an~ research is provirled throu9h the pro
ject. Actual costs for 1Q~2 and 1a~3 wpre obtained and cover a large part
of the equipment neel'1p.1'i for teachina, since clas!;es are already bf:'ina con
ducted. All other estimates are base~ on remaining eouipment requirements.
Equipment costs arp oiv~n hy year in Tablp VII-4 anrl have been arljustpd up-
ward by 20% to reflect th~ true oorortunity cost of foreign exchange.

17 Thp co'st fiqur~n this rlisclIssion are derived fro'" the winnino bid sub",itten
by the Chinese contractnr for constructina the Pokhara campus of IRNR.



-7-

TMLE VII-4

SlJ.MA.RY (f' lAAR COSTS

PU IlJSI J1R[ IN '(I~J RS. -BY tfI ij FI~ YI AAS

COST CAlEOOUES 1981-81 1981-82 1982-83 1983-84 1984-85 1985-B6 1986-87 19A7-e8

Overseas Trainina for
New Faculty 1,403.6 2,833.8 2,649.3 1,378.3 ~.7 1,546.6 1,&97.2 1,056.0

Land and Physical 5,574.0 32.5 14.0 45.0 11,791.2 23,~.4 9,9n.2 -
Facilities

-
E~ilJlB'1t - 3,M7.5 66.0 448.0 612.0 497.4 497.4 497.4

S11I<t!nt Support - - 48.0 96.0 96.0 96.0 144.0 225.6

Staff Salaries 57 .0 444.5 1,eXU.0 1,515.0 1,821.4 2,053.2 1,111.0 1,111.0

to'ai ntenance &utilities - - 1~.5 26.0 61.0 61.0 2f2.0 338.5

~rating Costs - - 609.4 696.0 1,045.0 1,045.0 1,045.0 1,045.0

Library - - 42.6 1~.6 ~.4 237.6 )),0 ItO

Vehicles - 358.8 897.6 499.2 - - - -
Research - - - - 340.0 525.0 525.0 525.0

Expatriates 1,A52.1; 1,5%.0 6,712.1 6,0:31.4 5,138.2 5,153.6 5,153.6 5,468.6

lOrN.. 8,837.2 Q,113.2 12,149.2 11.764.5 22,881.9 34,797.8 20,452.4 10,297.t
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4. Student Support

A stipend of approximately Rs. 400 per month is beina paid to those
studf:'nts ent~ril1q with a B.Sc. de~ree. ThosE' students who are full-time
emoloyees on leave to attend school receive their reoular salary which var
ies from Rs. 600 to over Rs. 1,000 per month dppending on seniority. This
salary would be pai d to these department employees whether the student is
train~d in-country or out and is thprefore not included in the estimates of
incrE'mental costs for establishinq IRNR. The stipend for diplofl1a stutients
is Rs. 4 ,~(10 per student per year. Approximately 25e.t of certificate stu
dents would rpceive a scholarship when the certificatt' pY'ogram bflgins upon
completion of the Pokhara campus. l / Students who r·!!ceive salaries from
a department are not eligible for stipends. Accorl1in9 to the project
A11 owance Pl an, the sti pend is an incentive whose plJrposes are to draw
better students to the Institute, to increase the ~'ercentage of female
students arlTnitted to the Institute, and to encourage students from remote
areas of Nepal to seek admission to the Institute. Thols represents a real
cost to the project since many of the students, especially the female ones,
would not have heen able to at.tend without receivinq a scholarship or
stipend.

5. Staff Salaries

Staff costs include salaries paid by the Trihhuvan University system to
teacl'ters and administrative staff. and a pro.1ect allowance, provident fund
and housing allowance paid throuqh the RCUP. The housi~g allowance is paid
only to the staf~ of the Pokhara campus while hath the Pokhara and Hetaura
campus staff rece;ve the project all owance anct pravi dent fUfld. Pro,iect
allowances. the provident fund and housina allowances were included as in
ducements to counteract the disadvantaaes of livin~ and working in Hetaura
and will be phased out when the Pokhara campus is comolpted.

As shown in Table VII-5, in the HMG Fiscal Yel'r 19f13-84, the Pokhara
campus employed 18 teachers and 32 a~inistrative staff. Salary costs were
calculated for the 1980-1984 period by multi~lyin9 salary by the numbers of
staff holdinq that position. From Table VII-5, total salaries in 1Q83-84
were Rs. 593,000.

A proJect all owance of 30~ and provi dent fund of 10% were pai d to the
staff of the Pokhara camDUS begi nni ng in 19AI-82 anci to the staff of the
Hetaura campus be~innino in 19A2-A3. Salaries for est"'matin!J project cost
for the Pokhara campus were Rs. '5~3,OOO for 19A3-84 and Rs. 977 ,5202/
for all years in Which the staff of the Hetaura campus receive benefits. A
housino allowance of aoproximately Rs. 2,~OI Der year" were pai d to each
PoKhara campus staff member. Includinq all benefits to both campuses, the
total cost to the project of P.s. 76fl~258 for HMG Fiscal Year 1983-84 is
calculated as shown helow:

1/ Payment of a sti pen(i to cert i fi cate stut1ents has recei ved cri ti cism from
some IRNR admi ni stratnrs on tt'le qrounds that both the Hetaura and Pokhara
campus proaral'ls shoul r1 he treated poually. For this analysis it will be
assul'lp.d that stipp.nrls will b~ oairl to 10 students in 1986-87 and to a maxi
mum of 27 stu~e"ts thereafter.

2/ This figure is the basis used for calculatin~ the ~llowa"ces paid to Hetaura
campus staff. See page 10.

-
"
r-
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TPBLE VII-5

I-Mi STAFF ftK) SALARIES COSTS Frn 11m

_ ~ 'w (F SlJlfF BY ~f; ...,.., <F STAFF BY tMJ
5.4URY FISCPL YEM <SPtAAY FISCftl YEAA

PRIffi m IN/M=1'ER
19P4-85 19ffi-81 1981~ 1~-83 19ro-B4 1~ 1~!; 1985-86 1986-87

Teachim Staff
J5r09Yiri In charge 24,006 (l 1 1 1 31,151 1 1 1
Lecturer 20,817 0 4 4 12 26,354 12 16 17
Asst. Lecturer 16,412 0 0 0 1 2O,nS 2 2 2
Detalstrator 14,651 0 2 2 4 18,548 4 4 5
Research Asst. 12,n1 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 21,671 0 1 1
Total ~r of Staff 0 7 I 18 20 2ti J1
Cost in 1(0) Rs. L1 137 137 349 476 619 7ll)

Adninistrative Staff
PCcount. Off. 17,818 1 1 1 1 22,558 1 1 1
Asst. Adn. Off. 16,453 1 1 1 2 20,e29 1 1 1
Asst. Lih. 15,237 0 1 1 1 19,~ 1 1 1
Clert< 9,400 1 1 1 3 ll,g)) 3 3 3
Pccountant 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 ll,~ 1 1 1
~r 6,707 0 0 0 0 8,491 1 1 1
Lah Asst. 6,707 a a 0 0 8,491 1 1 1
Plant Collector 6,n7 0 0 a 0 R,fiOO a 0 1
E1ectI"'ician 3,549 a a a 0 4,4~ 0 0 1
Driver 7,~ 0 1 2 2 9,366 2 2 2
Health Asst. 2,662 a a 0 0 3,370 0 0 1
Cook 5,032 a 1 2 2 6.371 2 2 3
Garmer 5,383 0 a a 0 6,815 1 1 4
Peirt 5,032 a 1 2 2 6,371 2 2 3
GJard 5,032 a 2 4 9 6,371 9 9 13
Cleaner 4,122 0 2 3 S 5,218 5 5 5
fI\ltrm 5,032 a 0 a 1 6,371 1 1 1
Total ttmer of Staff 4 13 20 32 34 34 47
Cost in 1(0) Rs. r:iI 118 161 244 315 315 405

1OTAL. SALMY 57 255 298 593 791 934 1,111

I'

-

!!'
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Pokhara Campus
Provident Fund (10%)
Projp.ct Allowance (30%)
Housin~ Allowance

Hetaura Campus
Provident Fund (10%)
Project Allowance (30%)
TOTAL Project Allowances

Rs.
59,300

177,900
140,050

97,752
293,256
76R,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 func1 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 throu~h over~;eas

training. Future pay increases will not be included since inflation would
be expected to affect all cost categories equally.

All costs absorbed by RCUP required an increase by 20% in order to com
pensate for the di ffer'ence between the free market forei ~n exchange rate and
the official foreign exchan~e rate. These adjustments 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 finrl thp. funrls to maintain and
repair these facilities, anrl 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, lahorato.ries and toilet
facilities cannot be used. The Hetaura campus budgets Rs. 95,000 for main
tenance which is either not use(i effectively or is not sufficient to main
tain the facilities. Maintenance is not adeouate at the Hetaura campus,
anti, tt,erefore, more will be eventually reouired at the Pokhara campus.
Ma!intenance 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 operatin~ bUdget on other university campuses
in Nep&l. 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 projectino beyond year 30, this analysis ends in
2010 even though ·t"e grounds, bul1d1n~i 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

Operati nq costs were obtai ned 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, posta~e, 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
HMG COSTSI/ COSTS2/

ADJUSTED ADJUSTED
YEARS RCUP RCtJP COSTS TOTAL COSTS

1980/Al 57.0 - - 57.0
1981/82 255.0 15R.O 1139.6 444.6
1982/83 298.0 5fl5. ~ 703.0 1,001.0
19A3/84 593.0 768.3 Q22.0 1,515.0
1984/85 791.0 85A.7 1,030.4 1,821.4
19P.5/86 934.0 932.7 1,119.2 2,053.2
1986/87 1,111.0 - - 1,111.0

1/ From Table VII-5.
2/ Based on explanation given in Section 5, "Staff Salaries".

TABLE VII-7
ANNUAL RECUPRENT COSTS FOR POKHARA CAMPUS

000 R~. BY HMG FISCAL YEARS
COST CATEGORIES 1982-83 1983-84 1984-85

Exam Expenses 1,500 2,000 2,000
Electricity and Water 14,500 16,000 20,000
Rent 150,000 150,000 230,000
Maintenance &Repair ~;,OOO In ,000 41,000
Fuel Costs 117' ,000 90,000 116,000
Advertisements tEl,OOO 1';,000 10,000
Bank Charqe 3,000 5,000 '5,000
Telephone &Postage 2i',500 17,000 20,000
Printing and Stationery 60,900 90,000 105,000
Magazines 11 ,000 31,000 15,000
Travel 2~i ,000 25,000 55,000
Special Occasions 10,000 12,000 5,000
Receptions 1,000 3,000 5,000
Overt'ime 2,000 2,000 5,000
Meetinq Allowance - 10,000 25,000
Office &General Exp. 21,500 20,000 25,000
Student Welfare H9,000 110,000 236,000
Publications - - 5,000
Chemicals &Mat~r;dls 50,500 85,000 100,000
Loading &Delivery 2,000 3,000 20,000

TOTAL RECURRENT cnSTS 609,400 696,000 1,045,000

.1
II
II

I
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offi ce meter1 als, and chemi cal sand 1aboratory material s. At the pr~sp.nt

time, the Pokhara campus operati ng costs are al ready doubl e those of the
Hetaura campus wi th half as many students.

8. Li~!ary

Lihrary materials are not easily acouired in ~lepal, 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 1ihrary when the Pokhllra campus is completed.

9. Vehi c" es

Two small jeeps and ione four-wheel drive station wagon have been pur
chased fo,' use by the IR.NR. 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 he service
able for 'five years when others would need to be purchased. As few vehicles
are purchased by Tri bhuvilln Un1versi ty, repl acement of these vehi cl es is not
expected and costs have 'not been includecf. Costs for these items are in
clul1ed in the Vehicles l;fne item of Tabl~ VII-4.

10. Research I
The Institute, witt!, 18 trained professionals. could provide very 'Impor

tant research services/not now available except through imported experts.
With proper guidancE', the faculty could carry Ollt applied research in re
source manaqement pr,obl/ems in Nepal. A number of proposal s have been pre
pared, and research \~or~ be~an in the fall of 19A4. On~ henefit of train1nq
forestry professionals to work on the staff of the Institute is the research
work that wi 11 be dOrle as these faculty members work on probl ems that woul rt
have otherwi se requi ,'e j out-of-country experts, The facul ty can sol ve many
resource management prl,b1ems at a lower cost to Nepa1• Based on experi ence
at the I~ampur Campus, Institute of Agriculture and Animal Science, and the
Agricultural Pro.1ect Services Center, we profect that returning faculty take
three to five years to be~in consul ti nq work and approximately half of re
turning teachers take advantage of research anet consulting opportunities.
Faculty at Rampur are able to make up to Rs. 92,000 per year in consulting
work. Workers at APR'.lSC are able to douhle their salaries of approximately
Rs. 24,000 per year. 1! Based on this potential earning ability, half
of the 'aeul ty (ni ne) are projected to make Rs. 24, 000 per year over thei r
professional lifetimo, which is assumect to be 25 years. Since teachers
beQan ,-eturning in 1/182, benefits would begin accruing in 1987 at the rate
of RS. 216,000 per y!ar.

I
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) library development, (4) research progra~ development, (5) teachin~, and
(6) outreach planning and coordination. The areas of curriculum develop~ent

and teachi ng consume th,e ma.1ori ty of the expatri ate~ I time, These facul ty
include the assistant to the dean, in a pura1y administrative role, and
three faculty members: a soil s(;'Ientist, an engineer-hydrologist, and a
resource economist. Future assistance plans include a forest management ex
pert to assist in teaching and research, a combined soil scientist/assistant
to the dean position, a forest engineer, and a Peace Corps Volunteer to
assist in teaching remote sensing. Expatriate faculty costs are given in
Table VII-r

D. Out-of-Country Training

In th€! past, professionals in resource manaqement 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, ~ustralfa, and the Philippines.
Costs vary at the df fferent uni versi ti es as well as the ai r fares to send stu
dents to them. A Bachelor of Science degree in Forestry at Los Banos in the
Philippines costs an average of S6,AOO, and the Associate of Indian Forestry Cal
l ege (A. I.F.C.) degree costs around $7,000 per year. Approximate costs in
Thai land are $6,000 per year. The aoproximate 1en9th of proQram 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. Tabi~ VII-9 ~ives the total costs of out
Of-country training at an average cost of $6,000 per year per diploma student.
CC!rtificate 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-lO, the present value 'in-country training costs at
a 10~ rate of discount is Rs. 134,589,800 co~ared 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 consu'tin~ benefits. An estimated Rs. 216,000
per year is expected to be realized beginning in 1987 (see Section 10. Research).
The present value (at lOt/year discount factors) of this earnings stream is Rs.
1,006,100. The second must be made due to the tf me horizon of thi s study bei ng
limited to 30 years. Since the land. and facilities will still exist at the end
of the time horizon used in this study, their value at that date IIIISt be esti
mated. Since facilities will be 24 years old, and assuming a building life of 40
years, the value of the physical facilities is taken to be reduced by 60S. This
leaves Rs. 17,081,637 in facilities. Lan~ i$ valued at its original opportunity
cost of Rs. 5,574,000. Present value of this sum (facilities plus land) dh
counted for 30 years equals Rs. 1,298,400. The present value of net in-country
costs including these two adjustments is Rs. 132,285,300. The adjusted BIC
ratio rises sliahtly to 1.41.
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'OO.E VII-8

EXPATRIAlE COSlS

PU I" 1l:iU<t.~ PI t IN '~ Rs. BY •~ FIsrA YEJIRS

POSITIOO 198)..81 1981-m 1~-83 1~-84 1984-85 1ge;-86 1~ 1~7~OO

--
Assistant 1D the Dean 1,543.8 1,330.0 1,701.3 1,822.0 - - ". -
Soil SCientfst - - 1,426.4 1,361.1 1,7e'l.6 1,9n.9 1,977.9 1,687.8

Civil Engineer - - 1,2ti9.6 1,158.4 - - - -
Re!nm:e Econcmlst - - 1,216.1 1,4.34.7 - - - -
ForestMa~ - - - - 1,249.6 1,158.4 1,159.4 1,434.7

Forest E~neer/Si1vf • - - - - 1,249.6 1,158.4 1,158.4 1,434.7

TOTAL 1,543.8 1,330.0 5,593.4 , 5,n6.2 4,281.9 4,294.7 4,294.7 4,557.2

Ad,1usted Total For 2m
Of ff. Between Offf-
cf a1 and Free Mar1<et
Fx. Rates 1,852.6 1,596.0 6,712.1 6,931.4 5,llt2 5,153.6 5,153.6 5,468.6

..
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TABLE VII-9

OUT-OF-COUNTRY TRAINING COSTS IN '000 RS.

• w .__ (
~IUUt.NI~ TIU IN Mr.. COSTS IN 'OC .ORS .

DIPLOMA CERTIFICATE DIPLOMA1/ CERTIFICATE2I TOTAL

HMG FISCAL
YEARS

19A1/A2 30 - 2,376 - 2,376

19E'2/A3 66 - {;, 17~ - 6,178

1983/A4 101 - 10,181 - 10,181

1q~4/85 101 - 11,635 - 11,635

19~5/A6 101 - 12,362 - 12,362

1986/87 101 40 13,090 2,592 15,6A2

1987/88 101 110 13,817 7,524 21,341

1988/89 101 180 14,544 12,960 27,504

19A9/90 101 210 14,544 15,120 29.664

1990/91 101 210 15,271 15,876 31,147

1991/92 101 210 1e;,<lQA. 1f\,63? 32,630

1992/93 101 210 16,726 17,3AR 34,114

1<193/94 101 210 17,453 '~,144 35,897

1994/95 101 210 18,lAO 18,900 37,080

to 1995-2010

1/ rast estimates are based on a memorandum obtained from John Cool, Agricul
tural Development Council in Kathmandu, and Gerald Nelson, A~ricultural

Development Council in Manila.

2/ Estimates are baserl on costs of sending students to similar proqrams in
Indian colleges.
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TABLE VII-I0

COMPARISON OF IN-COUNTRY TO OUT-OF-COUNTRY COSTS

ALL .. I r,; IIU 10 ... ~ IRE IN '000 RS.
OUT-OF -COL ,NTRY COSTS IN-I,;IJUN I KT CUSTS

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 8,284.7

1982/83 6,178 5,105.8 12,149.2 10,040.7

1983/84 10,181 7,649.1 11,764.5 8,A38.8

1984/85 11 ,635 7,946.9 22,881. 9 15,628.6

1985/86 12,362 7,675.8 34,70 7.P 21,606.7

1~86/A7 15,682 ~,852.1 20,452.4 11,544. ft

1987/88 21,341 10,951.3 10,297.1 5,284.0

1988/89 27,504 12,P.30.8 10,297.1 4,A03.7

1~A9/90 29,664 12 7 580.4 10,297.1 4,367.0

1990/91 31,147 12,OO~.5 11),2°7.1 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 37,0~O 9,764.3 10,297.1 2,711. 5

1995-2010 37.080 67,516.6 10,297.1 18,749.3

TOTAL 186,309.5 134,589.8

-
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F. Implications for Adjusting Targets in P'CUP

With a benefi t-cost rati 0 of 1. 4 and net benefi ts of over Rs. 54 ml1li on,
in-country trai ni ng is a rel athely more effective method of developing resource
management skills in Nepal based on a cOMparison of costs as given in this study.
This conclusion is deriverl from the assumption that Nepal can and will utilize

. all the re~ourcp. managers that will be trained. If a surplus of resource man
aqers 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 enrollment and physical faciliti~s would seem to be necessary.

,-
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