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;It is the policy of Cornell Uhiversity actively to support
”equality of educational end employment opportunity. No person
'shall be denied admission to any educational program or activity
'or be denied employment on the basis of any legally prohibited
jdiscrimination involving, but not limited to, such factors as
:race, color, creed, religion, national or ethnic origin, sex,
:age or handicap._ The University is committed to the maintenance
of affirmative sction programs which will assure the continua-
tion of ‘such equality of opportunity.



The middle hill region® of Nepal is an ares where population pressure
and a deteriorating resource base make most imperative an effort to improve
agricultural productivity, The govermment of Nepal has designated in-
creased horticultural production as one phase of a major thrust degigned
to better the income, employment and nutrition of the people of the
Nepalese hills (Nepal, 1972, p. 132). It is also hoped that partial
 specialization in fruit and vegetable production within the hills will
allow for increased trade with the plains area of the country, which has
8 superior land base and hence a comparative advantage in cereal produc-
tion. Despite this interest in horticultural development, no micro—level
survey of the actual and potential contribution to wellébeing made by
fruit and vegetable production has been undertsken, The present study of
 Nuwakot district measures the extent to which production and consumption
of horticultural crops contribute to the income, employment and nutri-
tion of hill eultivators. It also projects.the impact on these three
indices of increasing levels of horticultural production under a variety
of conditions. The study area lies within the watershed of the Trisuli
River and is representative of the geographic, social and economic con=

ditions of Nepal's middle hills,

® Areas of between 500 and 3,000 meters lying in the foothills of the
Himalayas.,



THECRETICAL FRAMEWORE

The Boverrment of WNepal is interested in improving the standard of
1iving of the people of the middle hills. It is hypathesized that this
| can be achieved through intensified horticultural production. Although
~ there are undoubtedly other componeats, let us posit that the three most
importént elements‘which make up the standard of living are income,
employment and nutrition, These elements are not oniy s;gnificant indivie
dually, but also contribute to the holistic notion of well-being through
their interactions. Therefore, we shall view present and futu;e levels
ol the standard §f living as if they were a tridenz consisting of the
ﬁrongs of.income, employment and nutrition. This image is especiallj
apt‘since the name of the Trisuli River means "trident-like” and is
derived from the Hindu story in vwhich. the God Shiva hurlied his trident
into the side of a mountain creating the triple source of the river. The
geographic, and to some degree, the economic and socisl characteristics
Whigh dominate the gtudy ares are substantially infiuenced by the fertile
valleys and steep hills dissected by the Trisuli and its tributaries.
Thus, the physical river and the conceptual standard of living tridents
are stfongly interrelated.

Figure 1 depicts the conceptual trident, the left prong being income,
the center employment and the right nutrition. Listed as 1 thrqugh 4
under each are important sub-indices of well-being which determine number
5, or the status represented by the prong in question. Each of the three
pfongs is critical in development theory. The role of income in
national development stresses the importance of growth in aggregate
income and equalization of income distribution. Additién&l employment mey

improve income distribution as well as overall income growth. Nutrition
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has often been overlocked in economic treatises, although it cen directly

gffect productivity. Increases in well-baing thféugh nutrition programs
provide & quickly apparent and appreci&&eﬁ indication of government
cCOncer,

This study is an inquiry into the extent to which the farmers of the
middle hill zone ere able and willing to specislize more completely in
herticultural production. It also examines the 1likely effects on their

.patterns of production, employment and diet should they move in the direc~
tion of this specislization. The middle hill region was chosen because
it is there that population pressure and resultent deterioration of the

land base are the most proncunced,

OBRJECTIVES
The obﬁecﬁives of the study éill be to:

i} describe present ﬁr@dﬁ@ti@n activities in six purpossfully
sampled villages of the Nepalese hills., Particulaf‘emphasis will
be given to income, émpl@?ment and nubtrition: |

" 2) estimate the contribution of horticulture to income,
employment and nutrition in these villages;

3} compute the optimal enterprise miz if incressed emphasis is
given to horticulture. This will be done ﬁhr@u@h linear proe
gregming snalysis of four representative farms;
| | h) coﬁpute tﬁe levels of income, employment and nutrition

associated with the optimal production mixes.

THE STUDY ARFEA

Map I shows the country of Fepal with the vsrious elevational zones

delineated, Nuwakot district contains & lapd area of 5,768 square
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kilometers with & demse population of 1,286 people per gqﬁaf& kilometer
(Nepml, 19Tk}, The District's rough topography contains @levﬁti@nal
differences of almost three thousend meters with slopes of uwp to 80 per-.
~cent, Precipitation ranges from 1,000 mm at lower elevations to 3,000
'mm at higher elevations. The hesvy ralufell, steep El@pé8$ powerful
winds and intensive land use c@mﬁim@ to create severe erosliomal problems
at higher elevations. Huwak@ﬁ district typifies the ssasonal rainféll
pattern of a well developed monsoon area., At lower elevations, extremely
heavy rainfsall is concentrated during the monseon sesson. The dry peried
ié characterized by torrid hest with little or no rainfall. At the higher
elevations there iﬁ_@@nsiderable precinitetion between March and Auzust.
Winters are bitterly cold, but snowfell is light and errstic. As a re-
sult of the action of natural forces on the topography, 8 wide diversity
of s0il and land capebility types has developed. BSoills are of generally
good quality with medium levels of organic matter end other nubrients,
despite moderately low pH levels (UNDP, 1975).

Six village§ were carefully selected in order to caphbure the full
range of climate, scil_types, isolation from market centers and social
and ethnic cheracteristics in the study aree. The first ste? was Ho
delineate three ssparete reglons called land hases. These areas were
chogen orimarily on the basiszs of isolation or distancé in walking time to |
the mejor trading center. Each land haze was alé@ defined aartha% it
encompassed a wide renge of altitudinal differences, allowing the re-
gsearcher ﬁoISimultaneously exsmine the influence of market fsolation and
factors related to elev&tion&l\v&riabilitye The entire study area, which

included the three land beses, was chosen to be small enough %o be



surveyed by the researcher and a tesm of meven enumeratofs angage& to
gather dats.

Each land base included an altitudins) range of from approximately
500 to 2,000 meters, Higher elevaticns were not sampled since they con=-
tained limited pomsibilities for horticultural production. The three
land bases were expldred extensiveiy on foot and éharacteristica were
noted on a contour map, Two villages in each land base‘were chosen for
study, primarily on the basis of altitude. It sppesred that there were
distinet differences between villages situated aﬁﬁve gnd below a dividing
line at 1,200 meters of elevation. One village was chosen to be well

above this altitude and the other well below it. These six villages
‘allowed the'researcﬁers to investigate those agriculturel practices and
potentialé for improved horticultural productioh relating to isclation
from market and to altitude.

" Map IT shows the study ares with the six villages, The three land
bases and their villages are as folléws: |

Land Base One -- Thansing and Kekani: This region lies on the
Kathmandu~-Trisuli Road abouﬁ‘eighteen miles, or half a day's walk, from
Kathmandu. The area is three to four hours from Trisuli. Thansing is
the low village and Kakani the high one.

Land Base Two e Naerja Ganesthan and Lachyang: Although it lies
directly north of land base cone, this region is a one snd one-hslf dey
valk from Kathmandu due to the natural barrier formed by two rivers.

The area is three to five hours from Trisuli on foot, but the irnhabitants
prefer to meke the much longer walk to Kathmandu because of better price
relationships there. Narja Ganesthan is at the lower elevation and

Lachyang at the higher,



MAP 1I. THREE LANDBASES IN NUWAKOT DISTRICT

RASUWA DISTRICT

Londbase one ~—— District boundary
tondbase twe - Road
Laondbase three <~ River




Land ﬁasg.Three == Lower Kaule and'ﬁppér'KSuleé This region 4s &
three to five-hOQr walk ffom Trisu;i but two and ore-half days on foot
from Kathmsndu. The added day's walk to Kathmandu 1s sufficient to
cause mbat-of the ﬁeople of this land base to trade in Trisuli,

A coﬁparison between the two villeges in eacﬁ land Base makes clear
‘the economic and ethnagranhic regéons for choosing such pairs;' The upper
villages are entirely of the Tamang caste, Tﬁe inhabitants are Mbngolian
in appearance, live in cramped, ill-lighted homes, speak a Tibsto-Burpan
language, and wear rough tunics rather than the Hindu ungis and loin»
cloths. The villages below the 1,200 meter level are inhsbited prlmarily
by higher caste Hindus, notably Brahmins and Chhetris. The people are
Aryan in-appearance, live in more substantial dwellings, wear Hindu dress,
and speak an Indo-Aryan 1angua.geo These differénces gerved as a bagis
for ﬁhé 1;200 meter elevational division. This divisionrseparates the
poorer from £he richer, the less educated from those with more education,
the pqlitically uninfluential frém those with political power, the poor
soil &ﬁd water‘scarcity from the good 80il and plentiful water, the maize~
millet area from the rice-wheat area, and the temperate zones from the |
tropical zone. The area straddling the 1,200 meter line served as‘# sub-
tropical interstice, The.1,200 meter elevational belt is where the
.wealthy people of both Tamang and Hindu origin tend te dwell, This is

because the climate in the subtropical zone i3 unifuorm and mild.

SURVEY_PROCEDURE

Two types of survey were uged o analyze differences in the three
regions, The first or general survey involved interviews with 200

farmers in each land base. Approximately 100 farm households were
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selected from each higher elevation villagé and 100 from each Jow=-1ying
village. The entiré general survey thus involved & sample of 600 house-
holds. These farm families were intervieved twice during the 1973-Th
CYrop Beason., Tha iﬁterviews were timed to correspond with & peried of
.peak farﬁing ectivity and one of siack labor demand. The general survey
sought to generate summary statistics relative io the present pattefn of
production, consumption, trade, and enterprise cémbinations in the entire
sample area, . These statistics provide a benchmerk for description of
éurrent farming ﬁractices and activities of the people residing in the
middle hills of Nepal.

Prom the sunmary statistics of the general survey, forty households
were selected as being representative of & wide range of characteristics
‘relating to the vhysicsal environment, farm size, ethnegraphy and degree
of isolstion. These forty farms vwere visited daily for a.fuli croppingl
year by enumerators who gathered a vas% array of informstion relating to
all facets of agricultural, household aznd off-Tarm activities_for the
year,. The general survey prpvided an overview of 600 farm households of |
Nuwakot-distriet, while the deily survey provided an‘inwdepth lecok at the
activities of farm familles thought te be representative of middle hill

farmers.

RESULTS OF THE GENERAL SURVEY

The anslysis qf the general survey material will @roceed_in two
ateps, First, summary statisties are used tc indicate the more important
features of the 600 semple households. - Secandg regression analysis
identifies signifidant causal linkages between.explanatory varisbles and

income, employment an& nutrition in the ssmple,
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DESCRIPTTIVE STATISTICS

Table 1 shows the contraat in farm size, land use gnd enployment in
the 5ix.study vﬁllagea, In the followlmg discussion of village character=-
iatice, two points should be kept in mind. First, the description emphe~
sizes differences between land bases, where variability ig mainly 2 function
of distance frém markets, power sources. and tr&nspoftationw Becond, the
villages are contrasted as to high {1,200 meterz) and 1$w9 empheasizing
differences attributable to elevation. |

Several impbrtant distinetions based on proximity to transportation
and merket centers mey he drawvn from Teble l. If EKathmandu is presumed %o
be the vortex around which employment, off-farm sales , and purchases by
farm families are centered, the villages can be ranked as follows: land
base one is the least isoclated, tﬁere is aﬁ intermediate degree of fsolaw
tion in land base two and the villaeges of the third land base are the
most remote., It should be kept in mind that in this section of the
analysis, household data for beth high and low elevgtion villeges have
been combined.,

Farm aize decreases significantly with distence from market. In
land b@se one, average farm size is 0.T4 hectare, while in land base three,
farm size is only 0.40 hectare., It is well to pause and contemplate the
true meaning of these very small farms. For exsmple, in the remote land
base area, gverage crop land av&ilable per household member is 0,07
hectare =« clearly one of the most poorly endowed areas iﬁ the world. The
cropping index® adds further credence to land scarcity, increasing from

1.56 in 1and base one to 1.82 in land base three,

# The cropping index is defimed in this =tudy as the mmber of crop
seasons cultivated per farm per year.



12

"HL6T AeR-ELET aoquesdeg €30TI3STQ F0ABANY e3EQ LBAdng  FHJUNOS

cqvaf Iod sanoy-usm QOQ°E PUR LBp Lod SINOU-UBH Q UG DREDHy

GG Lgeg g9%°s Ly®s 94°9 Lzes qg°g IT°% £8°% PE°S £1°9 {suosaad) 3215 PIOUISNCH
88°T 7L°e 09°T Loz 6L LE°T 28°T 0T°e €0°2 612 ' gsez #l SAwRi=-usm)] TBIOL
LE*OTT £1°9L Hg°LlotT 96°99 SE°ETT 26°921 9T°68 ogecl 2119 6L°64T 11°8L WIBY JI0
&n°265 #9*1zL 66°06% 95°L04 $9°1gl DT°6QE 9g8°26% 6L°6TL 2E 669 65°2L9 TL206G wIBg U
e o . : : {sfap) Ioqe] ATIWERL
16°1T 19702 Rt T8°9 0L°0M T6°0 L6°T 29°0 00°ET LToce €0°Ly _ {smRIBoTTY)
pas(] ISEF(T342] TESTEAYD
e 00°2 28°T g9° 1T 9¢°T 721 0i°e 9 T 60°2 9°T 05°T xepyy Fupddor)
6T LT ET 0g 12 9T ot 12 6T 0zg £e 2Ny TN OTIICH
0 £g Lg 0g 6l 4G 06 6L ig 0g LL 8TBRI)
{guaozad) 1G], POLOAR( PUR]
SoH°0 Lo L16£°0 265°0 g9eL=0 Lez=o wwWQO Gi°0 6€L°C s °0 L26°0 DIWLB]
HIT*Q SHRE*O geT 0 6£T°0 Qaeco 40 °0 TEE®0 260°0 SRE°0 Loz=0 60E°0 pajuayg
T62°0 £0%°0 )Gy #SE°0 gin°0 TEgT0 9EE°0 - ESE®°D THGE®D LE€*0 g18°0 . bauag
(=egwjoay) IZTE E.w.m. sFBISAY
UoT3eAR TH TOT3BAS TH SBIUL onf, SuUQG 9ITH A0 YHIH #O7 USTH HOL
ugty AOT 8By PUS] eseg pURl el DU Qi], oeoey DRE'] SU[) @£eg pUR]

35 ML 5860 DUl

TYIEN LOTSESIA LOAVAMN “SEOVTITA SIdWVS YIS 40 SOILSIVALIVHEVHD

°T ®T49%L



13
In all villages cereals are the stapie crop and primary sburce,of_
calories., In low=lying villages. the main cerenl is rice, walle at highér
elevations maize aﬁ& millet predominate, Again we see a contimnm of in~

- ereasing subsistence as villages become more and more remotes In land -

base one, T percent of the arable acreage is devobed to cereals, while in

land base three, 87 percent of the meager cropland must be dewnted to |
grains., If nutritiomal quality of the diet iz to be improved in_a subm~
sistence society, more heciarage must be devoted to fruit, vegetables,
and livestock products. . The two villages in land bage one devoted 21
percent of their crop area to the production of fruit and vegetablesgr
wvhile in iand base three only 13 percent could be allocated to horticul=-
tural production.® Although not shown in the t&ble; there is a slight
tendency for more livestock to be ?roduced in the remote villages, par;
ticﬁl&rly &f higher elevations.

Purchased inputs provide & good indication ©f the limitations
.imposed on agriculture by distance from markets oxr roads suitable for
mechanized vehicles. In land base one, farmers purchased an average of
40.1 kilograms of chemical fertilizer per.fa.x“m.:,a yhile in land base two
the level dropped to 6.8 kilograms énd iﬁ land bése ﬁhreE‘use f2l1l to &
meager 1.u4 kilagrams per farm. While not recorded in Teble 1, data waé
collected concerning off-farm expenditures in each of the femilies. House-
holds in land bese one spent an éverage of US‘$137 per year. In land base
two, expenditures were $75, while hcuaeholds in land base three spent only
$39 per year for all purchased farm inputs, medicine, clothing and cther
goods. This is dramstic evidence of the 1mp@r%ance of transpcrtatlon not

only in terms of making ferm inputs available, but alse in pravidlng

* Pasture land was not considered to be crep lend. Conseguently, area

devoted te ceresls plus ares in horticultural crops equals totasl crop
areas, -



1k

farmers and their famiiies with goods which would lead to & higher
standerd of livimg. Avail&bility of these goods may be concelived of as a
factor which would catalysze change in culturel pf@etices and the adoption
of new agriculturel techniques.

Several different trends appear when villages ére examined sccording
to their elevation rather than distance from Kathmendu. HNow we are cub- |
ting across land bases with the sort factor altitude. Even a curscry
look at Takble 1 feveals that villages lving below 1,200 meters have higher
gtatistics in every category == grester farm size9 more land deveted to
cersal production, higher cropping index, more chemical feftilizer used
and moré days worked by the family on the ferm. Femily size itself is
greater on the lover elevation ferms. But & cursory glance does not tell
the entire.storys_

The key to the figures is farm size. On the average, farmers in the
three villsges at the lower elevation work almost 50 percent more land
then do their counteryarts‘living above 1,200 meters. In addition, halfl
of the land st lower saltitudes is irrigable, compared with only a third
in the upper villages. Thiz results in greater productivity at lowér
levels. The cropping index iz a further indication of the iﬁtensive use
of land in the l@werrelevation villages -=- 2.0 in the lowsr villages and
1.4 in the upper.

The proportion of crop land devoted to cersals is very similar in
the two sets of villages. The reasons for these nigh propordions differ.
At lower elevations, the grain produced is rice. This is a highly
-marketable crop and is pf@fitable to produce, IT théy s desired,
farmers in the lower elevéti@n villages could gear.themselves to 8 market

economy, raising rice for sale and buying the balance of food requirements.
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The upper elevation at which rice can be produced is spproximately 1,500
meters. On farms above this elevation the cereal rotations are complex
but most center arocund maize and millet., These are grown for home con=
sumption rather than sale, reflecting the subsistgnce economy which preé
‘dominates in villages at higher elevations. |

At first giance,‘it appears that the lower villages are much more
‘intensive users of chemicsl fertilizers than are their high sltitude
neighbors, averaging bl percent more kilograms per farm, Farm size is,
however, & confounding factor., When put on the basis of kilograms ﬁaed
per hectare, high and low elevation villages arernearly equal in their
use of chemical fertilizers,

Similarly, the figures in Table 1 indicate that families at lower
elevations spend many more days working on their farms, but this is re-
lated to the greater size of the low-lying farms and to the seasonal
nature of the crops grown. Low elevation farmers have a considerably
higher eropping index combined with peak labor demands, while on the
upper level farms, demands tend to be more even. The small size of highef
elevation farms generates lower incomes, forcing more family members 4o
seek seasonal off-farm erployment,

The general survey also gathered.data on food consumption, knowledge
of nutrition, and infent mortality in an effort to determin¢ the nutri-
tional status of households. Standard measures of protein and calorie
requirements for well-nourished East Asian pecple (FAO, 1972 and Aykroyd,
1963) were used to investigate malnutrition in the sample. From the dlet
of interviewed'families, daily consumption of calories znd protein were
caleculated for two periods in the year =- pre- and post-harvest. For each

family a quality index was computed by comparing dalily consumpiion with
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the egtablished requivements. The index feor calories and that for protelin .
were averaged to provide a combined calorie-protein figure. For exemple,
if a Pamily's caloric intake was ninety percent of the standsrd require-
ments, and its protein consumption was eighty percent, the overall dietary
quality index would be 0.8%5. Except in unususl circumstances, & guality
index of 1.00 or above wéuld imply an adequate diet from both a calorie
and protein standpoint, although obvicusly & perticularly high intake of
calories might offsedt a shortfall of protein., Surprisingly, the survey
indicated higher dietary deficiencies after the harvest, which occurs in
November, This ias due to the fact that pre-harvest statistics were
‘obtained by interviewing families immediately before the harvest, vhich
_is a8 key festival pericd in which even families with shortages during
other times of the year try to eat as well as possible. Conszumption data
obtained during a non=festival periocd probably would have shown different
. results, Also, families living close to subsistence levei apparently
tend to store food against future requirements. They may be so adamant
in this regard that they do not ingest adequate calories or protein wntil
they feel confident that enocugh food will be afailable from the coming
harvest., Despite these facits, only one village, Lower Ksule, had what
night be described asm & se#ere dietary deficiency -= a diebsry quality
index of 0.88 =- and that only during pesrt of the year. In general, the
figures show no évid@nee of protein-caleorie malnuirition in the study
aresg.

As in most subsistence societies, aggregate stgﬁisﬁics may hide
important nutritional problems. While no medical exeminations were made
of infants or pregnant and lsctating women, there is evidence that these
groups did suffer from mutritional inadequscies. Food taboos and customs

rather than an absolute shortage of nutritious food were most frequently
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the cause. The incidence of infant mortality does indicate the lack of
weaning supplements and poor knowledge concerning the nubtritional needs of
chil&ren aged one through five. For example, in Kekani and Upper Kaule,
infant mortality exceeded thirty percent during the study pericd. A
number of factors led torthis high level of mortality. but there is
evidence thaﬁ poor diet fed to the children, seasonal variation in the
diet and inadequate knowledge of nutrition on the part of parents were
all contributing factors.

Regression analysis was used to gain valuable insights relative to
important relationships among the households in sll six villages. Equa-

tions were formulated to examine the relationships bhetween selected

variabies and three significant indicators of household wellmbeing e
the aggregate value of farm production,‘the value of fruit.and vegetable
production and a measure of health and nutrition.,

Several functional forms werse experimented with in ordér to obtain
the most statistically velid fit for each of the three parameters to be
estimated. The entire array of statistical analysis cannot be presented
in a paper this length. To provide the reader with an example of varia-
bles used and the resultant correlation coefficients, a linear equation

’for'estimating the aggregate velue of farm production is presented below.
Similaer equations were fitted to estimste the velue &f horticultural
production and nutritional status. For a more complete explenation of

both the methodology and results, see Calkins (1976, pp. 99-120).

V= ~1384,82 + Th0.30 LB, + 113.98 T + 216.17 UT = 172,56 A + 1.26 HIL

3

(155.20) (16.71) (28.53) (30.3) {0,61)
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# 1,24 FL # 0,53 E + 3.50 M + 4,98 CF + 1,01 ¢ + T5h.34 ¥
{0.21) (6,15} (0.52) (1,38} {0,19} (1Tk.23)

E 2= 0,77

the aggregate value of fom production in rupees.

land base vwhich reflects distence from markets and transporta-
tion == in this perticular equation, i1gnd base three.

irrigated aresa of paddy.
area of non-irrigated land cultivated.

the difference between productivity of non-irrigeted land at
elevations avove and below 1,200 meters.

total number of hired labor dave.

total number of days in which cooperative labor worked on
the farm.

total mmber of family labor daysz devoted to agricultural
activities on the farm,

differentisl in labor productivity between workers having
less than six vears of education and those with more than six.

guantity of farmyard manure used.
quantity of chemical fertilizer useds.

value of total farm capital including tools, farm buildings,
and draft apimalz, but excluding fertilizer.

autritional status of the family, measured at two seasons of
the year and averaged.

an intersction term relating nutritionsl status and labor
productivity.

Standard errors are indicated in perentheses under each coefficient.

All of the variasbles are significant at least at the 0.025 level, and

with the exception of the interaction term between nuiritionsl status

and family labor, all bear the expected signs. Land aerea is cbviously
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equations, there is one exception to this finding. Radishes provide a
very profitable source of income for farmers in the village of Kakani
vhere they can take adventage of excelient transportation'and.strong
demand in the Kathmandu market.

Little chemical fertili;er iz gpplied to vegetables in Nuwakot
district and none was used by the sampled farmers on fruit. Fermyard
manure was an important input on vegetable products and contributed signi-
ficaﬁtly to the value of their production. Apperently Little menure is
applied to fruit trees,

Surprisingly, labor is not a significant detérminant of income from
vegetable production. It may be hypothesized that adequate amounts of
labor for planting, weeding, and harvesting are &lréady ugsed on most
vegetable plots, and marginal additions of lsbor sbove these fequirements
have a very low or zerc payoff, This is not true in the case of fruit,
yhere less laﬁor i3 used per unit of lend. Here the use of increasing
quantities of labor, probably for pruning, more careful grading and
marketing, does contribute to added income.

The value of fruit and vegetable producticn as a proportion of total
c¢rop income varies markedly with altitude. At lower elevations vegetable
production constitutes 13 percent of crop income, while fruit is only
six percent. At higher elevations, vegetable production is 29 percent of
crop income and fruit is 14 percent. As an indicator of the profita-
bility of horticultural products for the study area as a whole, vegetable
preduction constitutes 18 percent of crop income but only 12 percent of
arable land. Similarly, farmers earn significently ﬁore for 1gbor sﬁent

on horticultural preducts than they do on ceresls. For example, only
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sbout one pereent of laborrdevcted to crops is ubtilized for fmuit pro-
‘duction, while fruit generates nearly five percent of total crop income,
‘In the case of cereals, 95 percent of the labor generates only T8 percemﬁr
of the income. It would appear from both the equations and summary gLa-
tisties that increased emphasis on frult and vegeﬁable production would
offer substantiel improvements in farm income,

Of the households surveyed, more labor was devoted tcleere&l
production:pef unit of land than to vegetable production. This finding
poses &an i%teresting dilemma for policy planmers. Incressed vegetable
production;will generate & higher level of income; however, it reduées
the utilizgtion of family labor. The snaslysis does not answer one
important question: what would heppen if larger amounts of labor were
devoted toc vegetable production? The authors® observations indicatas
that veget?hie production is consgidered a residusl claimant of labor
after requirements for grain production have been met. It iz therefore
- possible that emphassis on vegetable production could lead to a higher
level of both employment and incoume,

‘In this exemipnation of the nutritional status of hill people of
Nepal, it was reasoned that the citizens of Nwwaket, who have extremelj
1imited srable land per capita, might suffer from nutritional problems
which would refieset on their labor productivity, morbidity and mortality,
Equations were fitted to test two features of health end nutrition. The
first dimension tested was the overall quality of the diet, while the 7
second wes an examination of wvhether the diet guality varied appreciably
from sesson te season. Lack of storage facilities, remoteness fronm
markéts$ inadequate irrigation and & distinet wet-dry climatic regime

suggested that the guality of diet might vary merkedly scress seasons,
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General equations whieh looked at nutritional status on mn annual besis
were fitted first, but it was recognized that these could mask important
seasonal dietary problems.

Of the various fqrmulations tested, Including Cobb-Douglas functions,
& linear relationship proved to be the most satisfactory. It was found
that people who live below 1,200 meters have & hetter @utritional gtatus
than do those who live at higher altitudes. Interestingly, however,
higher.nutritional intake is associated with being of the Tamang caste,?
which suggests that the lack of dietary taboos, particuiarly concerning
buffalo meat and alcohol, makes for unusually high protein-calorie intake
in this group. The analysis further shows that incresses in livestock
owvned, and in vegetsble land pér capiﬁa below 1,200 meters tend to improve
the quality of the diet. A similar improvement follows from an increment
in fruit land per capita at higher elevations. This is in contrast to
income findings, where vegetabies were found to be more profitable at -
higher elevations and fruit more profitable at lower altitudes. Diet
improvement is also associated with the number of different types of
food consumed, notably special festival foods. Finally, income and
employment status as measured by the value of land holdings and the number
of days worked per year (especially on the farm)} are positively correlated

with better diet,

* The reader will recall that Tameng families inhabited the higher
elevations. This suggests an inconsistency in the findings. The
explanation is that some Tamangs were found at lower elevations,
while scattered Hindu households were found at higher elevations.

For this reason, it is possible to simultanecusly have lower elevaw
tion households and Temang households ¢nloyving a better diet., In one
instance, the sort factor is elevation, in the other, caste.
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Relative to seasonal fluctustions in dietery quality, econometric
analysis indicates that a number of varisbles influence.a famiiy’s
ablility to maintein & nutritious diet throughout the year. Four varia-
bles appéar to be perdicularly important -- complexity of the dlet, alti-
tude, livestock production and caste differences. Storable roobts, tﬁbers'
and staple cereals provide adequate calories throughout the year. When
supplemented with livestock products, fruit, vegetables and pouliry,
this more complex diet appesrs to be adequate on & ye&r—round basis. .

Altitude importantly affects seasonal food consumption patterns.

It is cleer that seasonal differentials in dietary guelity increase with
sltitude, OCrowing seasons are shorter at higher elevations, ruling out -
perishable fruit and vegetables during the cold winter months. Trade
invelving an exchange of cereals for horticultural products grown at

lower elevabions during the winter is a possibility, but the iimited
availability of land and a very small marketable surplus of gra?ns make
this prospect infeaéible for most high elevation families, Higher eleva-
tion people with no cultural or religious prohibitions against liquor

also convert significant quantities of their grain into alecholic beverages,
further reducing pfospects for exch&ngé.

People residing at higher elevations do produce a grester gquantity
of livestock products, adding to thelr ability to maintain & nutritious
diet year-round. When the influence of sltitude is eliminated, Tamang
people have less seasonsl variation in what they eat then do households
which are Hindu, reflecting the importance of caste as a determinant

of dietary stability.
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RESULTS OF THE DATLY SURVEY - LINEAR PROGRAMMING ANALYSES

The second or daily survey involved a 40 farmer subsample of the 600
families in the general survey. These forty were interviewsd eaeh'day
for a year as to their patterns of cash flow, employment and Tood con-
sumption, .After careful inspection of the resulte of the daily survey,
four farms were seiected for linear programming snalysie. These farms
were chozsen €0 be as representstive as possible of a wide range of condi-
tions in'tﬁe Hepalese niddie hilis. Since altitude is one of the important

variants, the farms will hereafter be referred to by roman numersls

according to their elevations, with I being the highest altitude farm
and IV the lowest. |

Tatle 2 presents cheracteriastics comparing the four farms. The
table shows the variability in farm size ranging from more than 1.3

‘hectares on farm IIT down to 0.2 hectare on farm 1T, Althouch there was

little evidence of widespread caleoric deficiency or malnourishment in the
general survey, the four selected families exhibit mutritionsl problems
vhen a careful szessonal breskdown is made. The percentasgs of total re-
quirements that were met varied over the yesr, with the winter proving

the most difficult for three of the four families. The high elevation

farmer, I, appears to be the best off in terms of meeting caloric require-
ments, with intake being more than adequate in two of the three seasons.
The two middie elevation farmers meet their caloric requirements in only
one season, while the farmer at the lowest elevation is comsistently
below minimum calorie needs. OFf the four, only the low elevaﬁion farmer
drops well below minimum requirements for protein. His lack of calories

in all seasons causes protein to be utilized for energy with ensuing pro-

tein deficiency. In part, the protein deficit experienced on farm IV is



26

"9 90T G621 &8 UOEBIE JBIUTH
0 EOT 3e] £2T UOSHSS UOOSUOK
&8 L] ag" gET uoseas ATI8R
. UTOBIN
&n 69 " 29 UOSBRS JUIR
09 9 1% 99 UCSESs UOOSUOHN
s £l T8 09 uoswes A[IBE
. UTABTIOqTY
88 o1 GET 66 UOS®8s JITUTH
2t Rt i6 LET UOSBOS UCOSUOCH
721 €Nt 20T LET uosess LTI
UTS0Id
£l 16 g9t 96 qT *qo4~GT °09Q UOSE8s ISTUIH
68 g6 &e 6T #T °*oeQg~¢T °*BYiy UOSBIS UOCOSUOH
La oot g4 - IBT NT °EMy=CT "4 Uos®es LTawY
SOTIOTE)
qusoxad 99K sousmRITNbay TEUOTATIgNy
£ g 4 g suosaed (souspysed Ul) 8LTE PTOUSSNOH
< o b a J2 QU SUd "
— £ f q SIS soMT
- T T €= Jequnu OT8IING=0Ug
=T £ e T Jaqumu S#00 YOTIN
Y0384
cs L 9t it Fusdxad pueT Pojedraar
g2°0 £°1 02°0 §1°0 saa8}08Y puBTdoLD TBIOL
9Rs 016 0g2°1 7l6°T sJ238W pBegsSaucy JO SpNIIITY
AL 11T II I 3TN 9T15T499.08IBYD

TYJEN °IOIMISIA LONVMAN NI SHMVI ZATIVINIASHUIAN HAOL - ¢ 9Tq®L



27

i

attribﬁt&ble %o the difficulty of raising livestock in the heat and high
hunidity of low elevations.

In addition to calories and protein, the diets of the four farm
femilies were evaluated in terms of adequacy of two ninerals, caleium
and iron, and five vitamins, 7The most serious deflcienciss occurred im -
the avallability of rivoflavin and niacin as presented in Table 2. At no
time during the yvear is suffieient riboflavin included in the diet of any
of the familiése Three of the four Tamilies had adéqu&ﬁe levels of niacin
during 8t least one aéas@n of the yeafg but only cn farm IIT was dietary
niacin sufficient vear-round.

Mutritionally, ferms II and IV appear to be in & poor position. In
two seasons on farm 11 end year-round on farm IV diets are deficient in
calories by from 11 to 2? percent. Moreéﬁer@ in the season in which
ealoric intake is lowest, there is also insufficient protein. This rew
gults in true protein-calorie malmetrition, because there is no excess
protein available to be ubilized by the body to meke up the eaicrie
deficit, Whenr this situation is C@uple& with inadaguate riboflavin and
niacin, the health difficulties related %o mainourishm@nt are compounded.

The purpose of the linear programming analysis carried out on the
four chosen farms was 0 determine how income cowid be msximized under
alternate sats of conditions. The general linear programming model was
- restructured te meke it more suitable for analysis of Nuwakat.&istrict
.farms with nine modificetions being msde.

First, in all but one of the solutions, nuiritionsd comsiderations
were introduced as part of the eanétraiﬁts on the m@é&lm The maxﬁman&
includes the value_cf_prm&uce retained for home consumphion purposes and/
or the purchase of food from the market place to meet nutriticnal ree

guirements,
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Second, the "optimal” solutions include the &gsumptién that dietary
patterns will also become "optimal” to meet mutritional requirements
most efficientliy,

Third, the amount of land was not allowed to wary. ALl availeble
arable land is already being farmed snd 1t iz voreallstic t@.expect that
& farmer could rent or purchase additional hecterage.

Fourth, the supply of labor from femily members is computed to be
eight hours a dsy multiplied by an appropriste factor to reflect age,

On the basis of observetion of the strength end industriousness of women,
it was concluded that the coefficient of femsle lebor should be idestical
f@ that of wmale labof; For the'relativ& productivities of children, out=
put levels for the farm in gquestion were studied so thet the =mount of
availsble labor in stendardized units could be deteriined. The eight-
hour day was chosen to reflect the average working wnit over the whole
vear, on the basis of an estimete made from the deliy survey deta. Labor
was allowed to be hired st the standard wage in the village in which the
farm was located, but the members of the farm Temily were not allowed to
vork off the farm.

Fifth, requirements for nine dietary components were compubed.

These were calories, protein, ealcium, iron, beta-carotens, thismine,
:ibofl&vim, niacin and sscorbic scid, and were used in seclutions ine-
volving various 1evels of dietary adequacy,

Sixth, historic levels of yields per hectevre, as well as their farm
gate prices iﬁ the season of harvest, were considered the sterting poing
or benchmark for each farm. When 0hservatioms,wer@ misasing or, in the
Sudement of the investig&tmésg dist@rte&@ cpelficientes for tha% crop were

modified by statistics teken from nelighboring farms.
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Seventh, all operating costs, nawely the hiring of labor and bullocks,:

and the purchase of food items Tor nubtritional reasons, must have been

met through capital borrowed during the year and paid back at the end of

the vear at an interest rate of ten percent.

Elghth, to replicate traditional attitudes toward the division

between lowland snd uplend, and to reflect the near impessibllity of

formulating hvpothetical imput-ocutput ceefficients for lowland horticul-

tural activities, the linear programming model was constructed se that

- upland crops could not be grown on lowlend, end vice versa.

Ninth, there iz an adherence to traditional production technigues

which do not employ chemical fertilizers, pesticldes, and fungicides.

In

1)

3)

L)

- 5)

the<qrigina1 analyaisg six sdliutions for each farm were approximated:
the simple short-run income maximization (allowing for enter-
prise adjustments which can be made within two cropoing seascns)
with no nutritional constrainta:

the short-run income maximization with nutritional constraints
and wlimited usé of ﬁhe market to‘meet consunption demsnds -
the family may purchase'food from the market and sell surplus
production; -

the short-run income maximization with nubtritional constraints
and no marketing optien: |

the short-run income maximization with nutritional constraiﬁts
and marketing limited by a ceiling on horrowing of capital;

the shert-run inecme maxindzation adjusted to reflect subsis~
tanee mentality. This mesns that TS p@rcenﬁ of Tarm hectarage

is planfed to cereal and legumes:
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6) the long-run income maximization reflecting s cr@éping period ten
years hence, including projected price relationships and allowing
for changes in the levels of livestock and fruit tree production
which were fixed during the short-run.

Presentation of the complete anslysis of all sixz solutions for esch
of the fafms would belrepetitive and well beyond the scope of this peper.
Results of solutions (2) and {6) will be examined for each farm to pro-
vide the reader with exmmples of the adjustments that could take plsce and
their implications. TFor = complete discussion of all 24 lineer pro-
gramming solutions, See Calkins (1976, pp. 135.282).

Cropping Pattern Changes - In sumarizing the linesr programming

results, three situstions sre presented in Table 3. The first page of’
the table presents the benchmark data, or the situation as it existed
when the survey was taken. For sxample, net income on the four farms
during the survey period ranged from $140 to $1,000. It should be noted
| that net income in thé linear programming apalysis refers to net income
after family consumption. For each farm, season and type of land, the
percentage of total hectarage devoted to the various types of crops is
given, |

The second page of the table is labeled "Short-Run Optimal Solution.”
This presents the short-run results, previously explained as solution (2).
The following are the specifications of the sclution:

1, permanent crop acreages end livestock levels sre fixed;

2, buying and selling activities are allowed;

3., there are no changes in technology;

b, there is no limit.to capital borrowing: interest charges of 10

percent are assumed for all borrowing acbivities;



31

THE SEASONAL USE OF LAND FOR PRODUCTIOR
ACTIVITIES ON FOUR REFRESENTATIVE FARMS

Table 3. NUWAKOT DISTRICT, NEFAL
Benchmark Situation
Propertion of Land Devoted To
Zone/Solution Grain Legumes Vegetables Fruit  Fallow
mmmmmmmmmmmm Percent= = = = = = m o = w o o
I
Farly lowland 8.3 0 0 0 291.7
Monsoon lowland 100.0 - Q 4] 0 0
Esrly upland 68.9 1.6 16.9 12.6
Monsoon upland 17.6 0.7 £9.1 12.6 0
Winter upland 0 0 1k,0 12,6 73.h
Vet Income: $350
IT : '
Early lowland k6.9 0 37.h G 15.7
Monscon lowland 84,3 0 0 9 15.T
Early upland Th.3 Ta5 11.0 F.2 0
Monsoon upland 65,5 1k,9 12,4 7.2 0
Winter upland 0 0 8.0 T.2 84,8
| Net Income: $340
ITI
Early lowland 10.5 ¢ 0 0 89,5
Monsoon lowland 96.5 3.5 0 0
Farly #pland 48.3 32.2 16.8 2.7
Monsocon upland Lo, 3 31.3 25,7 2.7
Winter upland 0 C 1.6 2.7 95.7
: Net Income: $1,100
v - |
Early lowland 87.6 0 2.0 o 10.3
Monsoon lowland 95. 4 0 2.5 0 2.1
Winter lowland 25.0 o 2.1 0 72.9
Early upland 46.3 13.0 20.3 20.b 0
Mensoon upland 43,5 13.0 23.1 20,4 0
Winter upland 0 0 | 9.7 20.h 69.9
' Net Income: 31L0
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Zone/Solubion

Short-run Optimal
Proportion of Land Devoted To

Net income: $2L40

Grain | Legumes Vegetables Fruit Fallow
- o owm momow owm m ow = w PErcente = m» o w = @ @ = - - w

I .
Early lowland 106.0 0 0 ' ¢ G
Monsoon lowland 100,0 0 o ] o
Early upland 0 o 88.7 11.3 0
Monscon upland 0 0 88,7 11.3 0
Winter upland 0 0 88,7 11.3 0

et income: $1,260

Ir
Early lowland 30.? 69.8 0 0
Monsoon lowland 100.0 o 0 0
Early upland 0 89.6 3.2 7.2 0
Monsoon upland 0 0 92.8 - T.2 0
Winter upland 0 0 3.2 Te2 89,6

_ Net income: $710
T1T |
Early lowland 100,0 0 0 0 0
Monsoon lowland 100.0 0 ' 0 0 0
Barly upland 0 91l.3 5.9 2.7 0
Monsoon upland 0 0 | QT+ 3 2.7 0
‘Winter upland 0 0 0 2.7 973
Net income: $1,130

v
Barly lowland 100.0 0 g 0 0
Monscon lowland 100,0 8] 0 0 0
Winter lowland 0 0 100.0 0 0
Early upland 0 0 8k.8 15.2 0
Monsoon upland 0 0 0 15.2 Bk.8
Winter upland 0 0 8k, 8 15.2 0
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_Eong-run Optima;

Proportion of Land Devoted To

. Winter upland

Ty

Wet income: $160°

;Eggngolutigﬁ Grain Legumes Vegetables Fruit - Féliow
C e e m mom w w o wDEPCENES @ e m om o omom om om o o
1
Farly Iowland 100.0 0 0 0 0
- Monsoon lowland - 1006.0 0 0 4] 0,

- Berly upland o 0 100.0 o 0
'qusoon upland 0 0 100.0 0 8]
Winter uplend o 0 100.0 0 0

B Net income: $1,070

o Ix . '

Early lowland‘. 1100,0 0 0 0
MthQQn lowland 100.0 0 o 0 0

' Farly upland 0 100.0 0 0 0
Monsoon upland o 100.0 S0 0
Winter upland 0 0 0 _ o -106G.0

' ‘ | ~ Net income: $1,020

, T11 _ .
Early lowlend 100.0 0 o 0
‘Monsoon lowland 100.0 0 0 0

- Early upland 6h. T 35.3 .0 0 0
Monsoon upland 6h,T 0 - . 35.3 0 0
Winter 'ubla.nd o 35.3 0 6l 7
' - | Net income: $1,910 b
oW |
 Early lowland 1100.0 - 0 0 0 0
1M6ns¢0h lo?iggd‘ 100.0 -0 o 0 0

'fWintef:iowland 63.7 ] 36.1 0 0
Early upland o 0 100.0 0 0
Monsoon uplend 0 0 0 0 100.0

0 0 100.0 0 0

'SOURCE: ‘Survey daﬁa, Nuwakot, Nepal, December, 1973 - December,.197Th.
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5. There is no source of off-farm employment or income;
6. the farmer is out to maximize the net sale value of his farm
. produce after meeting all family nutritional requirements.
The optimal long=-run solution, presented in the third page of the
table, has the following specifications and constraints:
1. price expectations will undergo cumulative chapges according
to trends recorded over the last ten years;
2, fruit trees will be allowed to vary from their present area;
3. numbers of buffslo, goats, and chickens will also be sllowed to
| vafy freely; _
b, dairymcow herd size will be allowed te vary within the range of
one to four units;
5. the farmer is assumed not to take advantage of improved
‘technological options;
6., wage rates will remain constant.
Both the lonf- and short—run ovtimal solutions are at the 100 nercent
level of nutrition. Léwland refers to irrigated fields suitable for
paddy production, while upland refers to unirrigated fieldéw The séasons

are defined as follows:



Farm
Season
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IT

Early lowland
Monsoon lowland
Winter lowland
Farly upland
Monsoon upland
Winter upland

Howv,
June

Feb,
Aug.
Dec.

15-June 1h
15=Nov.. 1h
15-Aug. 1k
15-Dec. 1k
15-Feb, 1k

Hov. 15-duly 1h
July 15=-Nov. 1k
Feb, 15-Aug. 14
Au.gn lS“NOVo 30
Dec, 1-Feb, 14

Early lowland
Monsoon lowland
Winter lowland
Barly upland
Monsoon upland
Winter upland

ITI

Dec.
Apr.
Apr.

Aug,
Dec.

l-Apr. 1k
15«Nov, 30
15=July 31
l=Dec, 1k
15=Apr. 1k

Iv

April-fug,
Sept.=Nov,
Dec,~March
Apr. 15=July 31
Aug. l-Dec, 1h
Dec, L5-Apr. 1b

Source: Survey Data, Nuwakot District9 Dec, 1973 « Dec. 19Tk,

There is an overwhelming mandate in both the short- and long-=1run

solutions to continue to devote lowland acresges to the production of

grains. This is mainly because it is a considerable distance from the

homestead to low lying fields. Vegetables reguire more continuous and

larger amounts of labor than grain.

It would involve an inordinate

amount of walking time over steep terrain if vegetable production were

followed on a significant proportion of lowland. Only in the case of

white potato {a vegetable), which should occupy 69.8 percent of early

lowland in the short-run optimal solution of farm II, as well as 100

percent of winter lowland on farm IV, is the monopoly of lowland grain

production broken.

Potatoes should also occupy 36.1 percent of winter

lovwland in the long-run solution of farm IV, Since even rotate is princi-

pally a source of calories in the diet, this implies thet most vitamins

and minerala %ill be derived from upland production of other vegetahbles

and fruits.
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Despite its‘historic hegemony, grain production in upland fields
is eliminated in the short and long~-run solutions, except in the case of
the long-run on farm ITY. This suggests that the combination of higher
grain needs for livestock and the adverse turn in prices of other com~
modities has restored to grain some of its comparative profitability on
this farm.

Readers may be puzzled as to why land is left fallow in an area of
extremely small farms and food scarcity. Fallow land results primerily
from the growing of & profit maximizing crop vhich extends over two or
more seasonal periods. For example, on farm III, the short«run optimal
solution indicates 97.3 percent of monsoon upland is planted to vegeta-
bles. These ére harvested during the early part of the winter upland
season, &nd thé land then remains‘fgllow.

Vegetables occupy 100 percent df 21l long-run cropped upland in
farms I and IV and share about evenly with legumés on farm II. The longé
run position of végetables is interesting. Their production increases
despite the fact that extrapolated price relationships used in the solution
imply a worsening in the price of vegetables relative to competing crops.
Since legumes are considered horticultural in our study, vegetables
predominate entirely in upland fields. There is & clear mandate for an
intensification into fewer varieties of and greater land area devoted to
vegetable products on upland fields in both the shoft and long-run
optimal solutions.

Despite the wide number of varieties included és options in the
linear program, a relatively smsll number of horticuliural crop varieties
are earmarked for specialization in the optimal sclutions. These are

potato, green=beans, rape, radish, okra, silam, ginger and chili. Of
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these eight varieties, potato and rape appear in three of four farms and
green=-heans appéar in two. This suggests that these crops generate
higher incomes per unit of land over a wide renge of scil, micro=climate
and factor ratios and that intensified research into & limited mmsber of
historic vegetable varieties is a feasihle avenue to horticultural
development.,

Fruit production on the upland iz eliminated in the optimel long-run
gsolution in 8ll four farms. This demonstrates the low levels of produc;
tivity reéulting Trom the traditional cultural practices in fruit produc-
tion at the present time. By the very nature of the definition of the
short-run, theée activities continue to appear through the short-run
optimal solution.

Net Parm Income - The linear programming analysis demonstrated that,

in the short-run, all four farms could adjust enterprise combinations in
such a way as to increase net farn income while still meeting 100 percent
of the families°‘nutritional re@uirements° The short-run solution pre-
sented in Table 3 indicates that the largest absolute increase in income
occurred on farm I, where income rose from $360 to $1,260. To some degree
the ability of this farmer to make profitable &djﬁstments is not charac-
teristic of areas within the middle hills, ‘Farmer I is located on =
hard-surfaced road and the bulk of his increased income is attributable
to hié ability to add horticultural production on his upland fields,

This is primarily increased vegetable production which can be scld in the
Kathmandu market. The solution demonstrates the importance of market
access, for farmer IIT is able to increase his net farm income by only

$30 even though he has a considerably larger land base and asgets.
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" Parmer IIT was apperently opefating his farm at close to optimal condi-
tions given the constraints of market access and availaﬁility of inputs.
In contrast, farmers II and IV, while starting from a relatively low
income base, could more than double short-run net lncome if they altersd
cropping p@tternse |
Surprisingly, the long-run farm income sarned by farmerg T and IV

declined relative'to the short-run optimom. This may be explained by the
‘fact that a price trend was used. Prices were plotted for the ten yeaés
prior te the study and the trend gxtrapolated to determine the most
Pessible future prices. In general, cereal prices remained approximately
stable; however, theiprices of other creps heve shown a downward trend.
In the cage of farmers I aznd IV, meeting nutritional requirements. in-
" volved the production of crops whose prices exhibited =& d@wnwérd trend.
For this resson it iz feasible that the long term net farﬁ income genera-
ted by an optimum cropping pattern may actuelly decline. Farms II and
III showéd an increase in long range net farm income since they were able
to meet nutritional regquirements and oﬁher'médal constraints through
crops that dié not have & downward price trend. In all cases, farms could
ke recorganized so that long torm pet farm income would be greater than
the conditions which actually prevailed. This is particularly important
when we consider that the long term solution also enhances nutrition for
gll four families.

In the short and long-run, the optimal solutions indicate major
decresges in upland grain production, with concomitant inmreﬂsés in up=

n land vegetable and legume production. What do these changes imply for

labor patterns?

o



39

Farm Labor Reguirements - A shift of more and more upland into

legume=-vegetable rotations is commonly cited as & benefit of horticultural
intensification in that it presumably increases the demand for family
labor and reduces the seasonal vari&ﬁility in demand for family work. To
test the validity of these assumptions, lsbor regquirements by month were
plotted for each of the four farms. Separate lines were used to depict
labor requirements as the farm is presently operated and what changes
would take place under the short and long-run optimal solutions,

Figure 2, vwhich is representative of thé types of graphs mede for
all four farms; shows a plot of monthly lahor requirementé for farm I.

The heavy line depicts the amount of labor which could be supplied by
househol& menmbers. The reader can judge the amount of labor which must
be hired in, or conversely. the underemployment of femily members for any
month by gauging the area sbove and below the heavy line. It may be
geen that on this farm, where the criginal level of labor allocated fo
vegetable cultivation waé the highest5 the aggumed results do not hold.
While the increasing devotion of lan& to nonmléguminous vegetables en=
tails a considerable rise in totel lebor requirement, it also amplifies
the wariability of family labor use.

It is only on farm II that the assumed resuits are indicated. The
shift‘of more and more upland inko legume-vegetable rotations consistently
decreases the variability in lsbor uiilization@ Horticultural specializa-
tion on this farm thﬁs leads to higher and more consistent &emapds on
labor.

As for farm III, where non-grain crops have historically had the
lowest levels of profitability in terms of marginal returns to both land

and labor, there is increazed devotion of land to vegetables and legumes
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in the short-run, but decrsased land allocation to these cropg in the long-

- run., The highest levels and variability of labor use occur in the shorte
run and deciine somewhat in the longmfun, but do not fall to benchmark
levels. Grain ares in the lowland does not change‘from the short-run to
the long-run solution, and livestock mmbers are consistents' These two
forces'dampen changes in labor demsnd from the short-run to the long=run
solution. It may be concluded that on farm IIT the level of vegetable-
legunme rotﬁtion is pesitively correlated with both the magnitude and
variability of lebor use. The situstion on this farm is thus similar to
that on farm I, |

Finally, on farm IV in the short-run optimal solution, the increase
in overall area devoted to vegetable crops engenders a higher‘but less
consistent level of labor use. In the long-run, where the meximum amount

. of land is devoted to vegetable production, the level of labor use cone-

- tinues to increase but the veriability decreases, This is dué‘not to the
influence of vegetable crops, but to the effects of increased livestock
and reduced fruit production. Thus, on farm IV as on both farms I and
I1T, vegetable and legume specialization entails higher but less consistent
'ﬁse of labor. While this résult promises to provide more overall employ-
ment in the sgricultural sector as it genérates more incone, the problem
of seasonal underemployment is intensified.

Household Nutritional Status = As to how nubritional movements

parallel the above trends in income and employment, nutrient short-falls
are autometically eliminated By the stipulation that lOOlpercent of
nutritional requirements.be met by the copiimal sclution. Thus, as levels
of income and overall employment increase, so do the levels of nutrition.

The applicability of these results depends upon both the effectiveness
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of nutritional educstion and the ahilify to buy and sell large amounts
of produce on the market to effect a kind of nutrient arbitrage.

The reader should keep in mind that enterprise combiﬁations to meet
both income and labqr utiiization oblectives, may be significently in-
flgenced by the 10 percent interest charged om capital borrbwe& for pro=
duction sctivities. The following list 1Indicates products purchesed

and/or withheld from the market.

Farm
I Ir ITT IV,

Bbught, without soybean‘ maize ricebean millet
buying constraint: | radish millet ‘ ricebean

yam ricebean snakegourd

pumpkin rape

mustard

greens guave

peaches
Retained, without peaches maize rape rape

buying constraint milk guava,

Several observations may be made about the ahove commodities:

In every case the cheaspest legume crop is purchased to help meet
caloric, protein and vitamin demands. In all but farm I, where soybeans
are bought, ricebean has the lowest price per unit of nutrients suppliled.

Grain iz purchased by ferms II and IV. These are the farmé with the
lowest amount of arable land and the highest incidence of historic pro-

tein-calorie malnutrition. Millet is the cheapest grain crop available

for purchase and is a good source of nutrients, but in the case of farm IT,
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it is found economical to purchase maize as a source of beta-carotene,

Partly as a result of seaéonal inability to produce them, green
leafy vegetables and fruits are purchased only at the two highest eleva-
tions (farms I and II), éhowing that vitamins A, C and the B~ complex
tend to be more critical at these altitudes.

Gourd crops (pumpkins and snakegourd) and yams are purchased by both
high and low elevation farms I énd IV. They are an inexpensive soufce
of nutrients and purchases are necessitated because low yields make ade-
quaté home production of these crops infeasible.

On farms I and II, fruit is retained for home consumption, while on
farms IIT and IV, rape greens are retained. This implies that their
selling price is not high enough to make the purchase of the vitamins
they contéin profitable, especially with the 10 percent cost involved in
borrowing capital for consumption purchases. It also echoes the conclu-
sion from the regression analysis that fruits are nutritionally more
important at high altitudés and vegetables at low altitudes, despite the
fact that their comparative pro@uctive asdvantages are reversed, Rape
is so important on farm IV that area devoted to its production is in-
creagsed as nutritional demands rise, even when commodity purchases are
allowed, Milk is retained for its caleium on farm I and maize for its
calories and beta-carotene on farm II, Apart from these five commodities,
it is profitable to engage in nutrient arbitrage when capital borrowings
are unrestricted,

The pfedominance of legumes, vegetables, and fruit in these purchased
and retained commodities has been noted. It bears re-emphasis, however,
that, vhether all nutrient demands arermet by on-farm production or

supplemented with purchases from the market, the contribution of legume,
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green léafy vegetable, tuber, gcurdg and fruit products to the diet is
congiderable.

Additioual Findings ~ Az indicated earlier, this paper does not

" present detajled results of the linesr programming snalygis for all of the
sfix solutions run in the original study. A brief summary of some &f

the more importent findings of the additional solutions will te pressnted
here, For further details refer to Calkims (1976, p. 135-282).

Actual average household income of the four farms wes $485 during
the vear the study was undertaken. Linear programming analysis suggests
that an.optimum enterprise combination whose only cbjective is income
‘maximizetion with no considerations of nutrition, could raise average
income as high as $1,058;about $225 higher than when all nutriticnal
requirements ﬁust be met, With this objective, the enterprise combina-
tions would be far less complex than actually occurred. Laend would not;
however, become completely specialized in the most profitable crop. .This
ig due to the fact that family labor constraints would necessitate
hiring labor. 'Aﬁ some point the cost of hired labor wéuld begin to
detract from net income, |

Tt is not reelistic to assume that farmers will forsake thelr strong
_ feelings ebout self-zufficiency and move entirely Into a market economy.
To replicate traditional attitudes, a linear rrogramning model was run
for each farm with the constraint that at least ?5 percent of the c¢rop
land be planted to cereals and iegmninous Crops. in additions the model
required that the farmer meet 100 percent of his nutritional demands, but
allowed him unlimited capital borrowing and buying optlions. Under this
model, average farm income would fall to $355, a decrease of $130 from

. the actual income situation and a decliine of almest $T00 from the opbimum
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enterprise combination indicated in the short-run sélution presented in
Table 3. If is interesting to note that on three of the four farms this
"subsistence" constraint sctuslly reduced net income, In the actual case,
the farmers were involved in the production of a variety of croPS.other
than cereals and legumes, BSale of a part of these crops provided a
higher level of income than could be achieved within the constraint.

Their nutritional levels were, however, far from adequate, and we see
here a striking trade=off between income and nutrition. In essende,

these farmers would sacrifice on the average $130 of cash income to obtain
a mutriticnally adequate diet for their family. The results also indi-
cated that even though farmers were strongly oriented towards selfe
sufficiency, they wers devoting more than 25 percent ef their land to

crops other than cereals and legumes.

PROSPECTS FOR INTRA-REGIONAL TRADE

A basic tenet of the development strategy of Nepal is that increased
gpecialization and trade between hill areas and the plains will improve
employment and dncome in both areas; It is argued here that while hill/
plains interaction ié important, there can be significant gains associa=
ted with trade within Nepalfs middle hill area, There are many apparent

‘advantages to specializing in the producticon and tradé of commodities at
the district rather than the nationsl of regionsl level. HNine will be
briefly discussed.

First, transportation costs per unit of produce shipped and, more
importantly, the cost of road and other infrastructural investments are
vastly reduced. Moreover, employment of rural labor is increased while

dependence on imported fusl and machines is minimized.
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Secend, markefs are visible and known in the within-district case,
This ﬁeans that it is easler for farmersrt@ make infbrﬁed marketing
decisions on the basis of price information than in thé interregional
cage, ‘The_farmers are much more willing to trade iﬁ markets in vhich they
have knowledge and confidence.

Third, produce = especially fruit and vegeteble products ~- arrives
gt the éonsumer household in much better aesthetic and nutritive condi-~
tion, Since the govermment of Nepsl's emphasis fer agricultursl develop-
ment in the middle hills is on fruit and vegetables, this is no small
consideration. |

Fourth, govermment administrators and/or middlemen are not necessary
to facilitate within-district trade. This means that the establishment
and mgintenance of a trading peittern are much less costly in terms of
s¢arée trained personnel and financial costs of adwministration.

Fifth, related to the above consideration is the ability to combine
research, extension and trade sdministration in a unified system of
‘micro-climatic épecializatiano If an extension worker were assigned to
work with farmers in a single, clearly-defined micro-climatic zone and
té be respcnsible mainly.for knowledge in the production and trade of
the few commodities earmarked for development, the efficlency and compe-~
tence of hisz work would stand to increase dramaticaliy. At the same time,
, regearch, instezd of bheing resﬁficted to govermment farms, could be made
mere relevant to specific conditiens of micro-climste and other location
specific constraints at the'submregional level, Top-level reseérch and
extension personnel; instead of being confined to the district centers,
would follow increasingly the growing tendency in agricultursel adminis-—

“tration in the hills~~to decentralize the sources of informstion in order
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to increase the pertinence of recommendstdons given out and the use of
feedback information from trials under farmers’ conditions.

Sixth, such specislization could entail investment in irrigation and
dairy components ag lures to other typea of development. Without the
prospect of trade for the grain and dairy éommodities which are the
favorlte foods of hill farmers; it is unlikely that farmers in other
micro-climatic pockets will devote large acreagés to horticultural crops,

Seventh, as a furﬁher extension of this process,‘a market for the
surpluges prodﬁce& in the optimal solutions for - giveﬁ ares would be
relatively more assured., In other wofds, by making the best use of the '
differing micro=-climates within a district, rather then viewing it as a
monolith, a concentration in the promotion of varieties under inefficient
conditions fof-export outside the district could be avoided in favor of
finely-tuned production practices geared to within-district markets.

Eighth, even if in the long-run, inter-regional trade of the hills/
plains type is the optimal pattern, the development of a specislization-
cum-trade mentality in the within-district case serves as a logical step-
ping stone in the short-rumn. It seems'too much.to expect farmers to
behave as confident and efficient long-distance traders.

Hinth, in this connection, the cooperative movement, seldom success-
ful at any distance from urban centers, could develop as farmers realize
the gains from extending contiguous cropping practices froﬁ grain to
non-grain crops, as well as the enhanced efficiency of group negotiation
and transport,'

Thgse key advantages may be obtained in 8 within-district trade
model. Thus, if any comprehensive set of incentives to specislization

and trade is to be developed, it will be through such a pattern. It
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operates on the district level, is applicable to all hill districts and
mekes productive use of a reallocation of existing resources under existing
technology. It alsc allows for the testing needed to improve technology,
includes guaranteed price and draétically reduces marketing costs.

The analyses in this study show that all irrigsted fields, regard-
less of elevation, should be devoted to cereal crop production. Any
additionsl ceresl production required should be grown on unirrigated
land below 1,200 meters.

Results additiénally indicate that unirrigated fields'above 1,200
meters should specialize in the production of vegetables. These patterns
hold for both the 600 fafms of the general survey and the four farms
subdectéd to linear programming analysis. Thus, within each land base
there could be an exchange of low altitude grain for high altitude
vegetables, To satisfy fruit demands, farmers may either continue to
grow fruit as at present, which is perhaps.the simplest expedient, or
have the lower regions in land bases two and three engage in fruit pro-
duction. This would bring forth an efficient but more complex trade
model.,

Seversl analytic procedures were incqrporated to determine the
comparative advantage of various enterprises on high and low eleyation
farms, These results provide pdlicy makers with useful guidelines. In
development priorities, low elev@tion grain crops and irrigation should
be given prime attention, with fruit also produced if lccal démand is
good or perhaps for trade outside the distriet. At high elevatioﬁs,
emphasis should be given to vegetables, with the production of popular
dairy items also encouraged. As market awareness develops, this type of
pattern would allow for pockets of micro-climatic specialization, either

down the side of a single mountain face or perhaps among land bases.



k9

Prices would equlize and the standard of living would improve for
dwellers of all aress,

It seems, therefore, that within-district or intra-hill trade will
offer at least as viable exchange possibilities as will the hills/plains

integration strategy forwarded by the goeverment.

SUMMARY AND CONCLUSIONS

The goverrnment of Nepal has made increased sgricultural production
the centerpiece of its development strategy., The policy has been to
promote grain production in the terral or plains, while the middle hills
region is to become more speciaslized in fruit and vegetable production.
The theoretical basis of this policy is that the twe altitudinal zones
would gain from specialized agricultural production and trade.

Extreme population pressure and a deteriorating natural resource
base make imperative the improvemeﬁt of farm productivity in the middle
hillS'region. It is felt that increased horticultural production will
e the engine of growth for s betterment of the lewvel of living within
this region., Despite this, no detailed micro-level survey as to.the actual
and potential contribution of fruit and vegetable production to the welle
being of middle hill families has previocusly been undertaken.

This study examines & representative area of the middle hills to
determine what agficultural patterns currently exist, the ability and
willingness of farmers to specialize in horticultural production, and the
possible effects on their income, employment and nutrition should they
do 80. |

Two types of survey were employed. to gain benchmark informatien.

The first consisted of interviews with six hundred farmers of Nuwakot
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District to obtain data on farm size, production assets and the most
important cropping patterns. The second survey involved a year of
daily interviews with a forty farm sub-ssmple. This provided detsiled
information as to cash flows, labor allocation, trade, food consumpticn
and nutritional status of househclds.

Summary statistics from thé gurveys indisate that distance from the
Kathmandu market and altitude are the mést important varisbles bearing
on land utilization and family welfare., Farm size sand the value of pur-
chased inputs such ag fertilizer decrease significsntly with distance
from market. It was found that area devoted to cereal ér@in production,
a measure of subsistence, increases with distance from a trading center. -
Farms at lower elevation tend to have a higher cropping index and exhibit
greater seasonal variation in labor requirements. On all farms surveyed,
horticultural production used a small fraction of the land, labor end |
capital in agriculture, Rice and pulse dominated at lower elevations.

A transitibnal zone was identified at approximately 1.200 meters. Above
this level, production of maize and millet dominate agricultural activie
ties. This elevation demarcation also separstes high caste Hindu house-
holds from the higher elevation Tamang families who are Budhists and
speak a Tibeto-Burman language.

Linear programming analysis was used to determine what adjustﬁents
in enterprise combinations were feasible if incressed horticultural pro-
duction were promoted., The linear programming sclubticons indicated that
all irrigated fields, regardless of altitude, should be devoted to grain
preduction., The analysis pinpointed the fact that if the constraints
of marketing problems and subsistence mentality are relaxed, unirrigaeted
upland fields should be devoted to vegetable production, despite the fact

that grain crops have traditionally cccupied this land. The nutrition,
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employment and income‘of famiiies could be improved if specialization
aléng thege altitudinal lines took place and greater exchange occurred.
Idea) production patterns suggest that a 1imited range of vegetable
varieties be produced. Only eight verieties were identified as con=
tributing to meaningful specialization.

As the result of seasonal planting and harvesting peaks assoclated
with reliance on fhis small number of vegetables, there would be in-
creased variability in labor use over the year.

It is concluded that the prospects for increased specialization and
trade between the hills and plains is not likely to be as efficient or
feasibie as "within hill" specialization and trade. To esteblish inter-
dependence between the hills and terrai would involve heavy capital
expenditures on a highway network, gnd erosion of traditional distrust
between the two regions. It would also necessitate the creation of
- pricing policies and border regulations which would make it more desifable
for Nepalese grain farmers in the plains to ship their surplus to the
hills rather than to India.

' To make "within hill” trade most beneficial; micro-climatic pockets
appropriate for specialization in different crops must be identified and
developed. A concentration of govermment research and extension efforts
in these areas could involve a viable and trust inspiring marketing
mechanism for farmers leery of specialization and reliaﬁce on the market

place. It would also be an alternative to ecapital Intensive outleys on
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s large road complex linking outlying areas of the hills to terral
markets. Such an approach to integrated rural development is thought to

- be the best mechanism for overcoming traditional patterns of thought

and behavior which now act as deterrents to any but wmarginal shifts in the

allocation of resources on the small farms of the middle hills,
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