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JM. Dixon*

ABSTRACT

IncreaSedupopulatian pressure in the mid-altitude hills of
the Hmmalayas in general and Nepal in particular has pushed
urnpplng onta marginal land, depresging average crop
productivity., One promlsxng avenue for improving crop yields is
the greater use of inorganic fertilisers. However, the prevailing
level of fertiliser subsidy iz not sustainable in the Fface of
expanding fertiliser sales.

Some implications of reducing the subsidy are considered in
this paper. The evaluation of alternative fertilizmer price
policies is complex given the diversity of farming systems,
Indicative results from a simple economic surplus analysis of
eliminating the fertiliser subsidy are presented, Some issues in
connection with pricing fertiliser are noted,

1 INTRODUCTION

Until the middle of this century, the largest part of the
increase in world food production was due to expansion of
tultivated area. Additional lands were mostly of reasonable

,quality - sométimes even of higher quality than the existing

atock of cropland ~ and thus productivity of land was maintained
br even grew.

A grez: provortion of the considerable increase since 1950
in glabal food production arose from intensification on the
existing stock of cropland.* Along with improved varieties,
irrigation and mechanization, inorganic fertiliser (hereafter
referred to simply as fertiliser) led to substantial
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increases in yields, Barker, Herdt with Rose (1985) report a
study showing that fertilisers, mechanization and irrigation each
contributed about one-quarter of the total growth in rice
figguction of eight large Asian countries during the period 1965~

The traditional source of supplementary plant nutrients in
much of the developing world is farmyard manure-compost, which
has increasingly been suvwplemented and substituted by commercial
fertiliser, Global fertiliser use increased nearly nine-folu (to
121 Mt over the period 1950-1984, and nearly five-fold on a per
capita basis during the same pericd, Erown (1987) claims that
eliminating fertiliser use #llogether would probably reduce total
food production by at leust a third.

Among the marginal areas that have been bypassed by the
Green Revolution, Hill and Mountain areas pose exceptionally
complex develpment problems. They generally were settled earlier
than lowlands, suffer high population densities (relative to the
resource base), and severe or impending erogion, The remoteness
of mountain areas delayed the provision of infrastructure,
notably transport, and served to contain populations, thus
aggravating the pressure on land. Given the minimal activity of
foodgrain markets and the traditional life =ztyles, most farming
systems feature a high degree of self-sufficiency and complexity.
In recent decades strong links have evolved tetween most mountain
systems and nearby lowland agricultural/urban systems. Many
mougitain communities survive only by the export of labour. The
Hills of the Kingdom of Nepal exhibit many of the foregoingyg
characteristiecs, and are taken as an example for the analysis of
the role of fertiliser in such Hill and Mountain systems.

In particular, existing fertiliser subsidies imposze a heavv
burden on the Goverqment, and are not .ustainable in the face of
expanding fertiliser use. This paper contains the results of a
preliminary analysis of some of the effects of dispensing with
the fertiliser subsidy. This economic surplus analysis is based
on estimated actual crop response to fertiliser application.

2 FERTILISER POLICY FRAMEWORK

2,1 Agricultural Systems of Nepal

The country comprises three distinct ecological zones: the
high-altitude Mountains above approximately 3000 m, the steep and
disgected Hill zone and the flat low~lying Terai. The fertile and
highly productive Kathmandu Valley lies in the central Hills,
Somewhat more than half the population resides in the Hills :nd
Mountains, where the population pressure is 8,2 persons/ha
(cultivated), compared with .9 personz/ha in the Terai, Total



3

cultivated area is expanding by approximately 1.5 per cent per
annum (but this must be set against the average population growth
rate of 2.6 per cent per annum, rising to 2.8 per cent per annum
in the early 1980s), The rate of expansion in cultivated area is
likely to reduce in the near future given the shortage of free
arable land.

Mixed farming predominates, with strong interdependence
between crop produstion, livestock husbandry and the associated
forests (especially in the Hills and Mountains), The forests and
other grazing areas provide livestock fodder and litter (for
compost) and, most importantly, firewood. Most forest and
grazing lands are under commnnal management, Consequently, cattle
and buffalo numbers far exceed the carrying capacity of the
grazing areas. As in Iadia, cattle are conzidered sacred and are
essential for draught power. Buffalo are the principal source of
milk products. Rice is the single most important ceredl in
Nepal, accounting for some 1.3 M ha. Haize is the dominant crop
in the Hills, and wheat is spreading rapidly in both zones,

2,2 Fertiliger Consumption

The average application rate of fertiliser to cultivated
land in Nepal was approximately 15 kg/ha of nutrients in 1984/85
(Wallace 1986), where nutrients refer to nitrogen, phosphorus
(Pz0x) and potassium. Since the introduction of fertiliser to
Nepal during the 1960s, consumption increased at about 15 per
cent per annum (Hill 1982), encouraged by a subgtantial subsidy
in recent years., Similar growth rates have been experienced by
India dand other Asian countries which rubsidise fertiliser and
have relatively low application rates.*

In Hill areas {excluding the Kathmandu Valley) average
fertiliser application is 9 kg/ha of nutrients (on a harvested
area basis) which amounts to 19 per cent of national consumption,
The Terai makes use of the biggest share, 62 per cent, at the
rate of 16 kg/ha, The Kathmandu Valley consumes a small but
disproportionate amount -~ equivalent to 15 per cent of total
nutrients, implying an application rate of 95 kg/ha. The
location of outlets and the evidence from farm surveys suggest
that consumption in Hill areas is highly concentrated in
districts enjoying good access or irtensive agricultural
development efforts.

Urea and complesol (a 20:20:0 compound fertiliser) each
account for slightly leass than half of total cnnsumption. Thus,
approximately three timer mére nitrogen than phosphorus is used,
Most fertiliser is applied to rice and wheat. In the Hills, 22
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 per cent of rice and 28 per ceént of wheat is fertilised; and in
‘the Terai 50 per cent of rice and 61 per cent of wheat receives
- fertiliger (DFAMS 19€6). Fertiliser application appears to be
associated with good water control, but nost necessarily with the
use of improved varieties,

' Food shortages emerged more than two decades ago as a result
of growing population pressure and stagnatirg productivity, and
worsened in the ensuing decades. The probler is particularly
acute in the Hills where annual cereal prodiction variability
(coefficient of variation 7.9 per cent) exceeds by half that for
~the national level, and great spatial variation can also be

obgerved. A solution was sought in modernization of agriculture,
~ especially of the Terai. The modernization strategy included
expanding the supply of, inter alia, improved varietizs, modern
tools, fertiliser, credit and irrigation.

Fertiliser offered the prospect of gquick production
increases at low capital cost. All Ffertiliser is imported, for
which the Agricultural Inputs Corporation AIC) holds sole
rights., The AIC also distributes most fertiliser, Official
prices are uriform across the country for each fertiliser type
(currently approximately USS$S18%/i for both urea and complesol at
AlIC distribution outlets),

A fertiliser subsidy was introduced in 1972, initially to
offset the high transportatioh costs to the isolated Hill and
Western Terai districts which suffered from high farm~gate prices
for fertiliser, It has been argued that subsidies increase early
adoption in circumstances of poor knowledge by farmers of
fertiliser response, often found in the early stages of adoption
in remote areas. Some maintain that the fertiliser subsidy
policy has not had the desired effect of encouraging farmers to
uge more improved inputs (Lshani and Sharma 1984)., 1In fact, the
expangion of fertiliser usage parallels many Asian and African
countries which also had fertiliser subsidies, whilst sxceeding
the average growth rate of fertiliser consumption in countries
without fertiliser subsidies, :

There was considerable evidence from elsewhere in the region
to support the practice of subsidising fertiliser. Timmer (1974)
found a strong relationship between (relative) fertiliser price
and fertiliser adoption in Asian countries. Barker and Hayami
(1976¢) showed that a fertiliser subsidy would be more cost-
effective than an output subsidy as a means of expanding food
production in the Philippines.® The subsidy might also be viewed
as a meang of redressing the decliiing (barter) terms of trade
for agriculture vis-a-vis the non-agricultural sector (Svejnar
and Thorbecke 1986), ‘' ‘



Over time the small fertilisger transportation subsidy in
Nepal evolveéd into a substantial price and transportation aubs;&y
on fertiliser -~ approximately 40-64 per cent of the full
fertiliser cost, of which only about 10 per cent constituted a
_transpartat:on subsidy (Kupferschmid 1983). As a consegquence,; AIC
fertiliser distribution operations run at a large loss which can
be ill-afforded now, and losses would be even greater in future
years asg fertal;ser sales expand, - ;

In order to meet the economic costs of fertllxser
acquisition and distribution by AIC, Kupferschmid (1983)
estimated that 1983 fortiliser prices would have had to be -
increased by 64 per cent., To cover all costs including those of
donor countries and agencies, 1983 fertiliser prices would have
~ had to be increased by approximately 125 per cent, Although the

implicit tariff on urea declined in the early 1980s az world
“prices fell and 1nternai prices were raized, the effeckive
average subsidy in 1986/87 was 29 per cent (of AIC prices) for
nraa and 71 per cent for complesol (Wallaae~1°86).

2.4 'Pcucg,c:goi;;es;

Total fertiliser consumption in India has been limited in
part by shortcomings of the supply system (Desai 1982). The
observation probably holds true for Nepal too. However, whether
ot not distribution costs can be contained and timeliness
improved by reforms to the distribution system, important
questions related to fertiliser demand remain to be answered.

The responsiveness of total food production and market
gurplus to fertiliser application, the distribution of response
bver redgions and the treasury cost of varicus levels and forms of
subsidy are the central issues. The fertiliser policy options
which Nepal faces include the following:

{a) continue the present fertiliser subsidies;

"(b) phase out fertiliser subsidies completely;

{c} phase out Terai subsidies but retain (transport and
price) subsidies for the Hills and Mountains,

Option (c¢) mppears relevant because of the large food
deficits in the Hills and Mountains, and the costly food
distribution programmes, However, optien (c) is not explicitly
analysed for lack of accurate data, After considering the micro-
level evidence related to crop response to fertiliser and the

~effect of relative fertiliser price changes, the peolicy
altetrnative (b) is considered in secktion §5.
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: Fg*ﬁ;lzzer :e&poﬁg& analya;a has generally been ¢ash in a
single-period, i.e., one-crop framework, although the existence
of benefits for sdcdceeding crops has been considered (see Dillon
1977), Some authors have investigated the economig significance
of residual impact (gee Kennedy, Whan, Jackson and Diilon 1973;
Helyar and Gedden 19773, Generally speaking, ke significance of
garryover will be lower whare (a) application rates are low
{judged in relation to the native soil Fertility); (b
application costs are low when compared with the farm~gate cmst
of the fertiliser: and, (&) soluble nutrients, partzcularly
nitrogenous, predammna*e over slower-release mutrients including
: ?hosphatﬁ%. For these reasons, and the lack of data to calculate
.reszduai functions, a single-perldd framework is adqpted‘

The mosg ¢ommon sources of data for estzmatmng~crop response
to nutr;ent$ are experaiment ztation results, on~farm fertiliser
trials or demonstrations, and farm surveys,® Taking these
sources in order, decreasing goodness of fit in _Yesponse
functions is usually found, as the variabililty in exogenous
factors increases. For the same reason, aggregate response,
¢.9.; regional or national functions, usually have poorer fits
than #ité specific response functzbn. The sources of data used
here ate farm survey and fertiliser demanatratmons,

Many ferkiliser response analyses are cast in & ginQTe*crop,
as opposed to whole farm or farm-household, context., There is no
~differsnce in results if unconstrained risk-neutral profit
maximization ¢in be assumed for the whole decision unit. The
context is crusial if (a) non-profit goals, e.g., survival,
assume importdance; (b) farmers are risk averse (the evidence of a
number of studies shows that farmers are moderately risk-
averse); (c) the quantity of fertiliser is limited, e.g.,
restricted supply, lack of capital (cash); or, (&) the farm and
household are interdependent such that the household ¢hoices
xﬁfluence farm production relations.

In order to esltimate cereal crop response to fertiliser in
Nepal, results from about 300 fertilizer verification trials
conducted by tae HMG/FAO Fertiliser and Related Inputs Preject in
21 districts in the Hills and Inner Terai during the years 1984-
87 were analysed. An eight-plot incomplete factorial trial
- degign was used, with nitrogen applications of 0, 60 and 120
kg/ha, and phogphorus and potassium applications of 0, 40 and 80
kg/ha., Ordinary least squares regression was utzlzzed to test
various functional forms, including double-log (after adjusting

zero values) , sguare root and quadratic. In order to counter the
viariation between trial sites, yield ipcrements (from fertiliser
anplxcatxcn} were regressad on nutrient appliaatzon.
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table 2. TResponse to potassium was not axgnzfﬂcant in either

- prop or zone, and the nitrogen-phosphorus interaction terms were
‘algo not significant (at the 10% level). Evaluating production

elasticities at typical nutrient a?pl;aatlan lavels gmwe the

‘jvalues shawn in annex tabie 3. ranglng from 0.03 to 0.20.

" These responses per&axn ﬁa,relaﬁ;vely favourahla ¢0nd;ﬁlons.
albeit farmer maaaged. The results are gimilar to the (highly
“wariable) responses from on~farm cropping Sequence trials ~
réported by Mathema, Van der Veen and Anjan (1981).% Somewhat
lower production-nutrient (all sources) elasticities were
obtained from Cobb-Douglas production functions sstimated by the
author from fatm survey data from the Hills, e,g., local paddy
0,03, improved paddy 0.03, wheat 0,06 Capm?arnhlefta the
elagttﬂlt&ﬁs reported by Gautam, 198?), :

V Deaymﬁe the snhsidy, the preva;lang nutrient-grain price
ratios are greater than those in many other cauntrles in the
region.® Annex table 1 shows that nitrogen-rice prices have not
fallen as low ds 1,0, and in the 1980s fluctuated between 1.3 and
1.8, Nanetheless, the responses xeported herein suggest that
even at these piice ratios fertiliser is quite prefitable, after
adjusting for fertiliser acquisition costs, capital costs and low .
harvest. praces for grain, as outlined by Anderson (1967).

From the above fesponse an&lyszs, optimal (rzskrneutral;
application rates exceed the actual application rates calculated
from zonal fertiliser consumption da’ sr from farm survey
results. When farmers are assumed to oe moderately risk dverse,
optimal application rates diminish, by up to about 30 per cent at
typical levels o»f yield variance. In this case, the risk-
adjusted optimal rates are still far above the average rates in
the Hills,

A change in relative fertiliser price caused by a removal of
the subsidy often leads to changes in the combination of inputs
used in production.” Assuming that substitution of other factors
for fertiliser is feasible, "the cutcome can be simply
demongtrated by an isoguant analysis {(Parish and McLaren 1982).
Whether substitutes for fertiliser exist or not, a contraction of
output would follow the increase in the price of fertiliser. The
evidence from farm surveys in Nepal does not indicate that
Fertiliser is substituled for manure-compost, and the dat. on
substitution of fertiliser for other inputs is inconclusive. 1In
this paper it is assumed that the intensity of other input use
does not c¢hange with the increase in fertiliser price.
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(very ro“g I”ﬁhe pxesentfsubs : red 34
reduction in fertiliser subsidy generally W0ulﬂ ahifﬁ Lhe
- fertiliser supply curve to the left, However, in Nepal, the
quantity supplied is determined by Arc, not nécesgarily in
accardan'a.wzth anﬁiaipatad aquxlxbraum pasiﬁ:ans aJ'tha dnmeata
fer%iigxet markat; o ; : :

f

.ncwledge af tke andarlyung pra&uat;on funaﬁxhns far
use, estxmataddfram.da a or ﬂahed &irevhly fzcmtﬁsq» :
, citeac dicits
for ferkiliser in:Nepal, whmch ranged fram‘*D 3 té
elastic observations may have been assopiated with » ﬁ' ain o 't
crop production), The more inelastic observations in’ khzs rahge £
are comparable tn fzndzng@ from- alsewhwre«xn the regimn,¢, b

For fhe purpasea of thmé“Paper, ribe and wheat (baz - &
two crops to which most féxtlliﬂer‘;srapplieﬁ) are gr@upediwzthv %
®

maize and millet as cereals. -Initially a closed economy is
assumed, . Annex figure 1 shows the likely effect of the price 4y
increase on the domestic fert iliser and foodgrain markets. Assume §

that the 3ggteg&te~sﬁﬁyly curve for cereals shifts from 8§48, to
S185: as & cohsequunce of the fertiliser price increaye and the
subsequent contraction in-fertiliseér use and foodgrain
production. Commonly, two methods are used to eskimats changes
in producer surplusv (a) revenue jincrease less extra fertiliser
costs and (b) area above the supply curve, The Former appears
unrealistic, in that other (non~fertiliser) additional variable
costs underly the supply curve and must be accounted for. Using
the latter method, the increase in producers"surplus is area E
bdfe less chii The reduction in gonsumers' surplus is area o |
bdfe. There iz also a change in traaaury ccst eqnxvalent to the 4
size of the fertmliser subsidy, ' e

The.pa;ameter assumptions for a natignal—leval analysis of
removing the fertiliser subsidy are listed in anuex table 5. The
supply response was derived from the acredge elasticity of supply
of 0,067 estimated by Karki and Neupane (1984)., The production
elasticity of fertiliser was calculated by weighting the
appropriate marginal physical products with fertiliiser
consumption, and re-evaluating the aggregate production
elasticity at national lawel. Foodgrain volumen refer to total
production., - The elastmdxty'of demand for fertiliser was chosen
from Wallace (1986), and tuae elasticity of demand for foodgrains
is cumparable to north In&xan data.

=]
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: CGalculations of the new equilibrium guantity and price in
the fertiliser and foodgrain markets were made undetr the
assumption of constant elasticity supply and demand schedules,
and linear schedules (shown in figure 1). There was little
difference in the resulting equilibrium positions, but there
could be substantial differences in the change in producers’
surplus. Given the approximate nature of the parameters used in
this study, linear schedules were asszumed. ~

For the 50 per cent fertiliser price lncrease required to
eliminate the subsidy, the quantity of fertiliser nutrients
demanded would contract from the (1964/85) volume of 42,8 kt to
about 35,1 kt, A cereal~fertiliser production elasticity of
.13, and the contraction in fertiliser use would lead to a drop
in ceéreal production of 70 kt ko 3,12 Mt and a resulting shift
in the cereal supply schedule SuS. to 5:8: (assumed parallel in
this casey., As a conseguence, the short-run equilibrium shifte
from £ to ¢, characterised by a higher prics Rs 4,54/kg at the
reduced supply of 3,12 Mt.

On this basis, the following changes i1 surplus and subsidy
would result:

consumer surplus Rs -850 millioan
producer surplus Rs +530 million
fertiliser subsidy Rs +170 million

The intercsting result is the substantial increase in
producers’ surplus as a consequence of the reduction in
fertiliser subsidy. The benefit to producers arises trom the
price increase (under the assumption of fixed marketing changes)
which is also the source of the loss to consumers, In the event
of a substantial price rise foodgrains would flow into Nepal from
India (and Indian producers would szhare in the benefits)., The
shift in prices implied in this analysis (6.25%) is unlikely to
alter the trade patterns along the India-Nepal border ver: much,
The final distribution of benefits, which is not apparent from
this short-run partial equilibrium analysis, depends upon the
means of utilization of the po’ ential saving of Rs 170 million
from the elimination of the feu.iliser gubsidy. I1f the saving
were to be passed on to consumers through, for example, reduced
customs duties on Indian goods, consumers’ losses would diminish,
However, it is more likely that a proportion of the saving (not
all domestic) would be reinvested in the agricultural sector
thereby adding futrther to producers’ bhenefits,
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5 ISSUES

5.1 . Open_sconomy

The relatively uncontrolled border with India means that the
- econonmy ig far from closed, Considerable amounts of grain are
gsaid to be moved illegally to India, Wallace (1986) believes
cross~border fertiliser smales explain the large discrepancy in
fertiliser use data between AIC sales Figures (1980/81 winter and
1981/82 swwner} and CBS agricultural cenzus data, For nearly two
years from July 1981 to April 1983 urea and complesol were 10-20
per cent cheapnr in Nepal, providing a strong incentive for
crogs-border trading of fertiliser from Nepal. However, one
canniot discounl the likelihood of opposite flows, albeit low
volume, i.e,; Terai Farmers purchasxng fertiliser and other
inputs in India at times of shortage in Nepal, or simply to
‘ensure having inputs on time,

‘A full analysis would take account of the price formation
for foodgrainz (and inputs) across the markets of the Hillsg,
Kathmandu Valley, the Terai and North India, and the resulting
trade flows. For instance, in terms of leow domestic pricves of
fertiliser in Nepdl, a price zhcrease in Nepal may lead to
somewhat greater avazlab;llﬁy of fertiliser to Terai farmers
owing to the staunching of the unofficial fertiliser flows across
‘the border to India. The excess demand for foodgrains in the
Hills is largely met from the excess supply in the Terai,

The open border also hag the effect of placing severe limits
on the freedom of policy makers to adjust prices (for whatever
reason) . In practice, it would seem sensible to maintain Terai
fertiliser prices at least higher than the Indian price less
transfer costs to India, and perhaps there are advantages to
Nepal in even higher Terai fertiliser prices.

5.2 Suboptimal Application Rates

Parton and Piggott (1984) have discuszed some of the
consequénces of price not equaling marginal value product for the
caloulation of producers' benefits. In these circumstances,
there are also difficulties in estimating derived demand for
inpute such as fertiliswr from the underlying production
function,

In the abszence of sound empirical direct estimates of demand
for fertiliser (which would be very difficult to obtain in
Nepal), the best approach seems to be to derive the demand
schedule from a farm-household model. This approach would confer
the additional benefit of providing estimates of short-run supply
regspongeé (the magnitude' o’ which are notoriously uncertain).
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Ironically, a major part of the total subsidy is now
captured by Kathmandu Valley producers who consume approximately
15 per cent of total nutrients but ir excesi of a third of the
volume for which the transportation subsidy is applicable. Even
in the Western Terai and the Hills, however, the major benefits
of the fertiliser subsidy would hiave accrued to the larger
farmers who were in a position to purchase fertiliser and to bear
the risk of applying fertiliser. For small farmers in the Hills
who are also food deficit, there could also be initial benefits
from the adoption of subsidised fertiliser since the increase of
production by the local surplus producers could quickly drive
dowp local market prices —- but npte that the local wage rate
(whether cash or in kind) would be expected to follow suit in the
medium term.

; Equity can also be considered in terms ¢! the Hills vs
Terai. There is some degree of market sscaentation, arising in
large part from natural barriers to easy transportation between
the Hillg and Terai. Acecordingly, price policies for the Hills
and Terai can be formulated separately, with price differentials
of up to Rs 1/kg for inputs or produce —-- this differential is
borne out by historical price data. It is assumed that foodgrain
supply and demand are inelastic in the Hills and somewhat more
elastic in the Terai; and the fertiliser production elasticities
are greater in the Hills than in the Terai,

5.4 Production-consumption Interdependence

The above analysis assumes that ntensity of input use
(except for fertiliser) dees not change as a result of the
fertiliser price increase, which may hold in the short-run but is
urilikely to do go in the long run, Also, the fertiliser price
increase and :hange in output and price levels imply a change in
teal income, which will influence household consumption behaviour
notably the leisure taken (assuming that hired labour is
available to replice family labou:.

Given the predominantly rural popultion, most producers are
also consumers. Thus, in this unsegmented analysis, most of the
consumers’ losses of Rs 850 million are suffered by producers,
who are gaining Rs 530 million. For quasi-subsistence farm-
households the losses and gains are purely notional. The maina
impact would affect (a) fertiliser users and (b) significant
market surplus producers and (c) urban consumers, who are all
minorities in Nepal.
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& CONCLUSIONS

The fertiliser price policy setting in Nepal has been
desribed in this paper and some implications of reducing the
fertiliser subsidy have been considered, The preliminary
analysis in this paper confirms substantial physical and economisz
responses to fertiliser application in the Hills of Nepal.

Whilst the elimination of the fertiliser sgubsidy would apparently
lead to a net social loss (borne by consumers), there are
substantial treasury savings to be made,

Several igsues related to fertiliser pricing were discussed.
In particular, Nepal represents a classic “small country" case
except for the strong influence of the large economy of
neighbouring India. The long open border with India places severe
practical limits on price policy choices.

The regultg of economic surplus analysis are sensgitive to
the assumpcions about parameters, several of which are not known
with any accuracy. In this paper a simple method has been used
to estimate the relevant production elasticities of fertiliser,
as a basis for determining the cereal grain supply sghift,

Whilgt producers qua market producers stand to gain from the
elimination of the fertiliser subsidy, directly through the
foodgrain price increase, food-deficit small farmers, landless-
labourers and the urban populace would lose. Further analysis is
nevded to ascertain the real effects on each of these groups.

Notes

' In fact, many countries have become concerned about the loss of
cropland to urbanisation and industrialisation, Typically,
annual losses of cropland area during the 1960s and 1970s in
Europe and North America are about 0.2-2.5 per cent per annum
{Brown 1987y, There is also widespread concecrn in some countries
about depreciation of the stock of cropland, particularly through
soil erosion.

2 For example, Indonesian fertiliser use on food crops grew

at 14 per cent per annum up Lo 1977 and 17 per cent per annum
from 1977 to 1985 (Rosegrant et _al., 1987) and Bangladesh
fertiliser consumption alse grew at about 17 per cent per annum
up to the late 1970s.



13

* The analysis applied to a situation of sub-optimality in
farmers’ application of inputs, and thus the conclusion iz not
neceggzarily in conflict with the desivability of oulput gubgidies
in free market equilibrium settings. The policy in Nepal and
many other countries in Asia of substantial fertiliser subsidy
acdordds with thiz analyeis for Laguna, Phillippines.

“ Diztrict or regional data can alszo be used, Some estimates of
the productivity in Nepal of fertilizer and cther inputs to crop
production at the regional and national lewel have been attempted
(APROSC 1985), Although improved seeds an.i credit showed
significant positive marginal productivities at the national
level (and credit wae significant and positive for the Hills and
for the Terai separately}, fertiliser inputs were not significant
gither nationally or for the Hills or Terai. A possible
explanation is the very low use of fertiliser, or the highly
concentrated use in the central development region, particularly
Kathmandu valley.

“ Approximate grain/nutrient ratios of 11 - 25 for rice, 12 - 48
for wheat and 11 ~ 59 for maize for either nitrogen or nitrogen
and phosphorus,

* Rosegrant ebt al., (1987) report ursa-paddy price ratios for
Indonesia of 1.0 in the early 1970s decreasing to 0.5 in the
early 19802 (nitrogen-rice price ratios are about 30 per cent
higher); Tolley et al. (1982) imply a f.rtiliser-paddy price
ratio for Bangladesh of about 0.8 in 1979 (based on procurement
prices).

¥ There is ample evidence that small farirers adiust input
combinations. In a similar situation in Ethiopia, small farmers
favoured with additional access to cheap (subsidised) fertiliser
reduced labour inputs for weeding (Dixon 1978).

® Note that the isoquants are then parallel to the axes, and
intersecting at the expanzion path, which passes through the
origin only if there are constant returns and no other fixed (or
variable) inputs ~ in which case average and marginal costs are
identiecal,

? David (1978) reported a long~run fertiliser~rice price
elasticity of -0.8 for Asian countries; and short-run
elagticities of -0.4 to ~0.7. Some other comparable estimates of
elagticities can be found in Timmer (1974).
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ANNEX

Table 1: Feftiliser and Nutrient Prices

.

Year Urea Complesol Nitrogen Prnogphorus
Pirice™ N/rice® Price® P/wheat®
(Rs/kg) «Rs/kg) (Rs/kg) (Ra/kg)

1970/71 1.34 1.06 2.91 1.23 2.39 1.66
1975/76 2.44 2.27 5,30 1.58 65,65 2.65
1980/81 3.10 2.80 6.74 1.79 ° 7.26 2.61
1985/86 3.50 3.25 7.61 1.41 8.64 2.22
1986/87 3.99 3.99 8.67 1.32 11.28 2.71

—r— 2 o e

Notes: * effective N nutrient price calculated “rom urea price
and PuOs effective price calculated from the complesol price
given the foregoing N price; ® ratio of official nutrient price
to average wholesale coarse rice (or wheat) price -- the
corresponding urea/rice price ratios are approximately half
these; and harvest price ratios will be about one-quarter
greater. Prices drawn from DFAMS (1987).
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Table 2: Models of Crop Response fo Fertiliser
oo ; . : s \ -y

Paddy ;
42,3 Q.9 (.01 €2.1) €.026> adj R®=0,35
Wheat
Y= 0,0+ 18,8 N - 0,049 N* + 19.6 P - 0.070 F? |
(63.4)> 1.8 (.016) 2,7 €.036) adj R*=0.34
Inner Terai
Padiy:
Y ==12.6 + 13.7 N - 0,057 N* + 11,3 P - 0.034 P ‘
121.7) (3.8 .032> 5.7 (.0723 adj R®=20.39
Wheat:

1

Y = -6,7 + 23.4 N - 0,128 N + 21,7 P - 0,189 P
(132.1) 4.1 (.D35) 6.1 €.078)  adj n*=a.41

Netes: Y is the incrament in yzeld due to fertxlaﬂer, N is

~ﬂ1trogen application and P is phosphorus (P=0s) application
(all in kg/ha). Potassium and N x P interaction terms were
net significant,

Table 3: Production elasticities’

Nitrogen Phosphorus
Hills
Paddy L W14 .05
Wheat .20 .08
Inner Terai
Paddy .08 .03
Wheat .16 07

e o i o o i S e i (o T " o U St b B - a—— -

Nates' Evaluated at the typical application rates of 35 kg N/ha
and 12 kg P/ha for both paddy and wheat. Aggregate national
cersals production elasticity estimated by weighting responses by
share of fertiliser consumpb1on, and reevaluating the elasticity.
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. Table 43 Fertiliser Price Ratios w,r.t. India

Year ‘Urea Complesol
1970771 1.10 0.83
1975776 : 1.00 0.64
1980781 0.94 0,99
1985/86 0.92 0,76
1986787 1.08 0,85

Notes: Based on official AIC fertiliser prices and annual
averages from the Fertiliser Association of India, cited by
Wallace (1986 .

Table 5: Base Data Assumptions (1984/85): National Level

Cereals=~ Fertiliser (nutrients)
base quantity (000 mt) 3,190 42,8
base price (Rs/ka) 4,27 7.90
price elasticity of demand -0.40 ~0.50
price elasticity of supply $.10 ——
production elasticity,
fertiliser 0.13 ) —

— > s e s

Notes: * all major cereals included, weighted as rice 0.56, maize
0.24, wheat 0.16, millet 0.04, barley nedg.; production from CBS
Statistical Year Book of Nepal, drawn from DFAMS; prices
weighted; elasticities for fertiliser derived from Wallace
(1988) , for supply from the adreage elasticity provided by Karki
and Neupane (1984) .
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