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Abstract: The main purpose of this study is to examine tlspamsiveness of peasant farmers to
changes in price and non-price factors. To this ,eqdadratic production and restricted profit
functions are fitted to farm-level survey data fr&thiopia. The results indicate that farmers respon
significantly to price incentives, but the effedtpsices on output supply and fertilizer demand is
negligible. The most important finding is that nomee factors are far more important in affecting
production and resource use than price incentivEse results underscore the need to strengthen
market incentives through effective policies thiitimprove farmers’ access to land and credit, pab
investment in roads and irrigation. The results ambust to whether primal or dual approach is used

to estimate elasticities.



Introduction

Agriculture in Ethiopia contributes about 45% of B®0% of total exports, and 80%
of employment The peasant sector, which produces more thand@@¥op output, is
characterised by poor and outdated farming teclgyolacute shortage of purchased
inputs particularly fertilizer, poor infrastructusnd marketing facilities. Added to
these are the ever-increasing population and batheeconditions. Superimposed on
these mainly structural bottlenecks are institwdlongidities and policy constraints.
Policies have always been biased against the pessetor, more so during the 70s
and 80s due to the complex mix of administrativetad on markets and prices
ranging from compulsory delivery of output to catling the movement of output by

setting road blocks.

Since 1992, the present government has been ukibgrt&form measures that affect
the incentive structure and productivity of the gm# sector. The most important
economy-wide policies are devaluation of the domeasirrency and credit policies

that withdrew previleged access to state farms @ndperatives. In addition, more
direct agricultural policies have been taken thalide, among others, early and rapid
move towards deregulating food grains markets well as price support for export
crops. This was further strengthened by subseqrefotms in agricultural input

markets, with much emphasis on fertilizer. The mafoneasures of the 1990s have

mostly focused, directly or indirectly, on gettipgces right.

With little or no room for area expansion, growththe agricultural sector largely
depends, at least in the foreseeable future, orefieetiveness of yield-increasing
measures, particularly use of fertilizer. Havingagnized this, the government has,
from the outset, put fertilizer at the centre sfdevelopment strategy. Beginning with
the issuance of National Fertilizer Policy in 1993¢ government has been taking
several measures including gradual liberalizatiord aleregulation of fertilizer

markets and prices which was completed in 1998, elimdination of fertilizer

! Unless otherwise specified, national figures avenfvarious statistical documents of Central
Statistical Authority (CSA) and Ministry of EconotriDevelopment and Co-operation (MeDAC).
% Note that deregulation of food grains marketsdtagted as early as 1989 by the previous government



subsidies in 1997. Most importantly, a new systefnextension program was
launched in 1994/95.

Following the favourable environment created byséheolicies, agricultural output
has increased. Nevertheless, how much of this e¥gas due to price incentives and
how much due to non-price factors is not all tosacl The official assessment of the
on-going reform program is that recovery in agtied! production is mainly due to
peasant supply response to price incentivdswever, the growth rate of agricultural
output is relatively higher in those years (for myde, 1992/93 and 1994/95) of more
favourable weather conditions than drought yeass,ekample 1993/94, when the
growth rate was even negative. Further, DerconLagkged (1994) conclude that the
increase in official exports would come from dewion of theBirr because of
reduced smuggling rather than from production raspoto increased incentives.
Alem (1996) also found low and insignificant priedasticity of export supply

following changes in effective exchange rate.

It was also reported that fertilizer use has ingeelan recent years mainly in response
to incentive measures, particularly lower retaiicgs, and also due to the recent
extension program (Techane, 1999). The questioretiemremains as to whether or
not sustainable use of fertilizer is being hampdmedising prices in recent years as a
result of the devaluation of the Birr, high locahrtsport tariff, and elimination of
subsidies. Above all, the response of output toeimsed use of fertilizer has not been
carefully examined. On the other hand, there afieations that the full benefit of the
drive to increase fertilizer use has not been zedlias it is reflected by the sizeable
stock of unsold fertilizer every year. For instanmely about 59 and 64 per cent of the
fertilizer made available for sale are actuallydsat 1996 and 1997 respectively
(Mulat and Techane, 1999).

In general, ambiguities abound about the precide amd impact of agricultural
policies. Partly this is attributed to lack of fatevel study of the impact of policies

(particularly producer prices) on the supply reggwof peasant farmers. The few

® For more details on the recent reform programsimpacts, see Abrar (2000).



supply response studies that have been carriedreutased on aggregate time series
data (see for e.g., Dercon and Lulseged 1994; AlIgdb; Zerihun, 1996), and nearly
all of these studies emphasise on impacts of ecgade policies on export supply
response, particularly coffee Micro-economic studies of supply response are
generally few in Sub-Saharan Africa where lackasfif level data is more acute, but

there are recent examples (see for e.g., Savadbgb1995; Hattinket al, 1998).

In Ethiopia, several micro-economic studies of mese use efficiency have shown
that the potential for efficiency and productivigains in peasant agriculture is
immense (e.g., Abrar, 1996; Abbay and Assefa, 1896ppenstedt and Mulat, 1997).
These studies used only Cobb-Douglas productiontitums to estimate the extent of
efficiency, and they only provide supply elast&stin response to changes in physical
input levels, ignoring the role of prices on protilmie and input allocation decisions of
farmers. Finally, key non-price factors that coiudit farmers’ response, such as

rainfall and infrastructure, are not usually in@ddn the analysis.

Against this stark, this study primarily aims aBexning peasant responsiveness to
price and non-price factors in Ethiopia using fdewvel survey data. As a secondary
objective, the paper assesses the extent to whtehaes and inferences are sensitive
to whether primal or dual approaches are usedhiscend, both production and profit

functions are estimated and elasticities derivaaguhe quadratic functional form.

Data and Estimation Procedure.

The data we use is the Ethiopian Rural Householdeyu ERHS) which is a nation
wide survey of rural households that has been wded during 1994-2000. The
survey was undertaken in 15 villages across thentcpywhich include the four
largest regions where well over two-thirds of tlepplation live) from which nearly

1500 households are selected randdnityis believed to account for the diversity of

* The only exception is Zerihun (1996) who, alsmgsiggregate time series data, investigated
relationships between producer prices of foodgraissize of cultivated land, and has forecastat th
little change in aggregate food grain productioouns following incentive measures.

® The final sample consists of smaller observatidis54 households) than the original (1477) as
farmers with either lower cultivated land than @rlzero labour or zero output or zero and negative
profit are excluded, a procedure which has excluded of the villages (Harasaw) altogether as



the farming system in the country. Large geograptigpersion of the sampled
villages on the one hand and big differences iresgibility of the same to input and

output markets on the other means that thereds haatriation in effective prices.

Two variable inputs, fertilizer and labour, andethrfixed inputs, total area under
crops adjusted for quality, animal power, and faapital are used to estimate supply
response of aggregate crop output. We have alsoded other three structural and
conditioning factors namely land access, infrastm&; and rainfall. The definition of
and summary statistics on the variables used aengn Appendices A and B. For
empirical estimation, we use the quadratic funetidorm. The normalized restricted

profit function is given by
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where,
n’ = normalized restricted profit,
W' = price of input i, normalized by output price (P)
=1, fertilizer price,
= 2, wage rate,
Zy = quantity of fixed input or other exogenous vialgsk,
k =1, area cultivated ,

=2, animal power,
=3, farm capital,
=4, land quality,
=5, land access,
=6, road density,

=7, rainfall,

virtually all the farmers did not produce anythifdore observations are excluded due to a prelinginar
analysis of outliers based on the examination sifitels.

® Restricted profit function is defined as the esceftotal value of output over the costs of vaegab
inputs Lau (1976), and depicts the maximum praft farmer could obtain given prices, availabilify o
fixed factors and the production technology. In¢hse of a single (aggregate) output, we can spacif
normalized restricted profit function which is defd as the ratio of the restricted profit functiorihe



D = dummy for farming systenuo, ai, Bk, Vi, n, andq@, are parameters to be
estimated. is error term with the usual properties. Using éfloig’s Lemma, the

corresponding input demand equations are derived as
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where X denotes the quantities of variable inputs, ands the error term. For
maximum efficiency, the system of input demand &gua and the profit function
are estimated simultaneously. The output supplhaggu is not included in estimation
as it becomes redundant under normalized speatficatnd its parameters are

recovered residually from:

where Y is the aggregate output index. The crossi@an (Symmetry) restrictions and
the possibility of error correlation among the systof equations could make OLS
estimator inefficient. For efficient estimation weed iterative Seemingly Unrelated
Regression. Parameter estimates of the normaliestliated profit function, with

symmetry imposed, are presented in Table 1. Liheanogeniety is automatically
maintained because we are using the normalizedfispéion as we should in the case

of aggregate output.

We conducted a Wald test for symmetry subject tmdgeniety. The null hypothesis
is that the parameters of the input demand equaioe equal to the corresponding
same parameters of the profit function. This i®iatjhypothesis on the validity of
imposing 20 restrictions in estimating the inpumaad and the profit functions
jointly. A joint test of symmetry was rejected. Theajority of dual studies which
reported tests for symmetry also rejected the thgss (for e.g., see Shumway, 1983;
Wall and Fisher, 1987; Savadoga al 1995). However, since symmetry is a
necessary condition for deriving the input demagdagions from the profit function,

we imposed it in our estimation.

(aggregate) price of the output.



Table 1. Parameter Estimates!

Parameter Dual Primal Parameter Dual Primal Parameter Dual Primal
'R 126.033 146.230 577 0.000 0.000 555 0.000 0.000
(0.61) 0.72) (1.09) (1.25) (4.56)*** (4.65)***
a, -6.77 0.868 Sz -12.148 -11.584 O, 0.000 0.000
(0.88) (11.23)*** (1.68)* (1.61) (1.42) (1.61)
a, -5.49 1.873 Ois 0.914 0.920 b 0.000 0.000
(0.59) (14.40)** (2.01)* (2.03)** (8.28)** (818)**
B. 154.58 130.038 B -16.580 -15.902 o 1.998 -0.011
(2.56)** (2.16)* (0.53) (0.51) (1.51) (0.73)
B. 122.560 80.78 Ois -0.015 -0.016 o -15.059 0.010
(2.94)*** (1.95)* 0.27) (0.29) (14.72)%+ 0.79
[33 0.662 0.776 516 0.013 0.015 s -0.313 0.000
(0.27) (0.32) (3.56)%*  (4.19) (5.69)*** 0.2)
[34 -8.505 17.943 517 0.105 0.125 o 5.756 -0.096
(0.04) (0.08) (3.82)**  (4.55) (1.53) (2.33)*
BS 0.923 0.93 523 0.016 0.012 @i -0.006 0.000
(2.93)*** (2.96)*** (0.08) (0.06) (1.47) (1.21)
Be -0.105 -0.095 524 -50.113 -49.097 s -0.005 0.000
(4.46)* (4.03)* (2.18)* (2.14)* (10.07)** (6.87)***
B, -0.14 0.25 O -0.109 -0.110 @ -0.003 0.000
(1.04) (1.90)* (2.00)** (2.02)** (1.07) (3.85)*
Vi 7.761 -0.320 o 0.020 0.020 o -5.047 -0.022
(3.38)*** (1.06) (7.31)** (7.54)*** (3.16)*** (0.92)
Vaz 15.618 -0.400 b 0.064 0.073 o -4.969 0.023
(8.61)*** (9.85)*** (3.32)%  (3.78)* (4.03) * (1.17)
Viz 3.140 0.100 &4 0.449 0.015 ®s -0.237 0.000
(2.20)* (2.95)%** (0.39) (0.02) (3.59)** 0.25
511 -34.867 -35.086 535 0.005 0.005 oW -6.473 -0.138
(3.77)* (3.80)*** (1.68)* (1.90)* (1.44) (2.09r*
522 -7.779 -6.639 536 0.000 0.000 s -0.009 0.000
(1.37) (1.17) (2.63)*** (2.69)*** 1.74)* (0.25)
533 -0.017 -0.026 537 0.000 0.001 s -0.001 0.000
(0.97) (1.47) (0.43) (1.12) (2.51)* (6.18)***
O 12.064 -7.936 Ous -0.203 -0.194 @ -0.023 0.000
(0.10) (0.07) (1.26) (1.21) (6.75)*** (7.81)**
Oss 0.000 0.000 O -0.003 -0.005 D 55.960 46.989
(5.09)*** (5.71)*** (0.27) (0.44) (1.20) (1.01)
o 0.000 0.000 by -0.055 -0.015 Adj. R 0.71 0.74
(3.92)* (2.68y+ (1.06) (0.30) (52.74) (59.62
Wald Stét 35.78 62.36

1. Absolute value of z-statistics in parentheses.rificant at 10%; ** significant at 5%; *** signifiant at 1%.
2. chi-squared statistics (three degrees of freeddnijeoBreusch-Pagan test of independence amonreptnetions in the

system.

We also checked for monotonicity and convexity raéstimation. Monotonicity
requires that the fitted values of the input demequations are negative. We checked
for monotonicity at data mean points, and cannaeerted. Convexity is checked by
looking at the signs of the estimated input demeruaations and the Hessian of the
profit function. The necessary condition for contexs that all terms on leading
diagonal of the Hessian of normalized prices betipes or alternatively the own-
price elasticities should have the expected sifhs. sufficient condition is that this
Hessian must be positive definite. Both conditiane satisfied. The model has not

only generated correct signs for fertilizer andolabdemand own prices, they are also



significant at 1%. This is so even before the sytnyneestrictions are imposed. In
addition, the high significance of the own-pricergraeters is an indication of
sufficient variation in prices. Besides, just oheif (about 53%) and about 40% of the

parameters are significant at 5% and 1% respeytivel

In our estimation of the production function, weedsa similar structure to the
normalized restricted profit function. The outstiamgdfeature of the quadratic form is
its self-duality. The quadratic functional form is self-dual if theis only one

production function and profits are maximized (L4976; Jegasothy et al, 1990).
Thus, the production function consistent with tlestricted profit function is also
quadratic. For brevity, similar notations are uded the parameters. The only
difference is that we have variable input quarditiestead of normalized variable
input prices and aggregate output index insteadoofalized restricted profit. The

guadratic production function is expressed as:

Y=a9+ziz:ai)§+2::ﬁ(zk+;(izj2:y”x)§+Z::Z;:d(h44J+iZ;:qh XZ+ DBre...... @)
Following Justet al (1983) and Jegasotiet al (1990), we estimated the production
function simultaneously with the first order comglits’. Assuming that second order
conditions are satisfied for the relevant consadimprofit maximization and also
assuming efficiency in production (full allocatiaf fixed inputs), we derive the
system of first order equations (inverse demandtfans) of the variable inputs for
estimation along with the production function. Raaging these equations in linear

form to facilitate simultaneous solution for theiahle input allocations, we have

"We have compared other two commonly used flexitrims (generalized Leontief and translog), as
well as Cobb-Douglas form with the quadratic foraséd on various statistical criteria and consistenc
with theory, the quadratic and the Cobb-Douglamfoare found to be better approximations of the
underlying data. We are not reporting the Cobb-Desigstimates because of the highly restrictive
nature of the model. However, the elasticities thedt policy implications are very much similarttee
guadratic case. For details, see Abrar (2001).

®Hausman (2SLS) endogeniety test was carried outetermine the extent of simultaniety in the
production function using predicted valueA. priori we assumed labour and fertilizer to be
endogeneous, and cannot be rejected. Thus prediatees are accordingly used in these models. The
instruments used include: expenditure on other tB)pnon-farm income, total number of crops
intercropped, age, non-food expenditure, real prafefertilizer and labour, and some of the exogsno
variables included in the production function.

*The maximization problem is essentially a short-aomstrained maximization, but since we are
assuming that fixed inputs are fully allocated, ldmbda equations in the Lagrangian and thus tke fi
order conditions for the fixed inputs will be id#ies. If some equations do not have stochastic



W =a +iyijxj+z7:(@;+ui,i:1,2 ........................................................... 6)

Theoretically, the primal and dual results fromireation of such systems are
equivalent, although in practice they differ indtastic specification and functional
forms. Few studies actually estimate the productiorction along with first-order

conditions (e.g., Burgess, 1975; Jegasethgl 1990), and very few compare these
results with estimates from the dual approach,(8grgess, 1975 using translog cost
function). We are not aware of any non-experimergtudy of production

relationships which compares estimates from primuadl dual approaches using

guadratic functional form.

The results of the technology tests are similarthte dual side, i.e., except for
symmetry, the model satisfies all the otfferS§he parameter estimates of the primal
model, with symmetry imposed, are reported in Tabl&'he model has generated
expected signs for own-price parameters which aghhh significant. The only

exception is the parameter for own price of feréiti which, though having the right

sign, is statistically insignificant. Nearly half the parameters are significant at 5%.

Elasticities and Policy Implications

Price Elascticities

The elasticities estimated from the normalized gatéal profit function (at mean

values of prices and fixed factors) are reportedTable 2. All elasticities have
expected signs (positive for output supply and tiegdor input demands), and are all
less than unity. The responsiveness of outputit@ mariables is negligible. The own-
price elasticity of output, though significant, very low. Elasticities of output to

variable input prices are even lower, and are amsignificant. Particularly, the

magnitude of output elasticity to fertilizer priceextremely low, implying little or no

response of output to increased fertilizer use.

disturbances, they may be treated as identity emgtand not be incorporated in the ultimate
estimation procedure (Justal 1983).

2 Monotonicity requires that the fitted values of fhverse demand functions be positive. The
necessary condition for concavity is that the Iegdliagonal terms be negative, the sufficient cioli
being the Hessian of the production function beatigg semi-definite.
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Table 2. Estimated Elasticities.

Dualt Primal?

Output  Fertilizer Labor  Output Fertilizer Labor

with respect to:

Output price 0.013 0.16 0.48 0.08 0.24 0.78
Fertilizer Price -0.002 -0.09 -0.05 -0.03 -0.13 -0.10
Wage rate -0.01 -0.07 -0.43 -0.05 -0.11 -0.68
Area cultivated 0.43 -0.09 0.27 0.83 -0.54 0.42
Animal power 0.29 0.68 0.28 0.45 1.30 0.05
Farm capital 0.16 0.19 0.18 0.23 0.61 -0.36
Land quality 0.31 0.22 -0.31 0.72 0.47 -0.16
Land access 0.07 0.01 0.02 0.12 0.30 0.08
Infrastructure 0.27 0.49 0.18 0.56 1.82 0.41
Rain 0.39 0.04 0.39 0.67 -0.16 -0.02

1. The asterics show that the corresponding dévesfrom which these elasticities are derivedsigaificant at 5%.

2. Since monotonicity and curvature conditions aresBatl for the system of first-order conditions {1f®llowing Jegasothy
et al (1990), we derived the profit maximizing fertilizand labour demand equations by simultaneousiyreplthe system
using Cramer’s Rule. The output supply equation el#ained by substituting these input demand equosfior the
exogenous factors back into the production functidren conditional input demand and output supfalgtesities are
calculated at mean values of prices and fixed mput

3. For brevity, the sign of elasticities of land qtyals adjusted to take opposite signs from thepatar estimates of Table 1
related to this variable.

Although the main reason for this could be the level of fertilizer application on a
per hectare basis, misuse and inefficiency arisirgn lack of knowledge,
institutional and infrastructural impediments, ahéd state of nature are also factors
contributing to this. First, in spite of faster gttt rate of fertilizer use at national
level, farmers still use considerably lower amoointertilizer than the recommended
rate. Total amount of fertilizer used by peasanm&s increased by about 200 per
cent during 1991-1996. But, the amount of fertilimee per hectare has increased by
only 50 per cent during the same petto®n the other hand, the number of farmers
using fertilizer has increased from about 10 pet aethe 1980s to about 35 per cent

in recent years.

The loss of output due to nutrient imbalance is algnificant as farmers’ application

is biased towards DAP instead of using it with Uirequal proportions in line with

™ Average fertilizer application range from as losvid to 50 Kg per hectare, considerably lower than
the recommended rate of 150 to 200 kg.
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the recommendation. Croppenstedt and Mulat (196dhd a very high degree of
inefficiency of fertilizer use among cereal farmearsEthiopia. They estimated mean
efficiencies of 40 per cent for fertilizer, whicdompares to 76 per cent and 55 per
cent respectively for land and labour. Second, trathg in application and lack of
experience and knowledge is another reason. Pdhily,is due to the inability of
farmers to acquire fertilizer and fertilizer creddt the right time. Fertilizer is mostly
scheduled to be delivered in June and July, nahdgaknto account the different
planting calanders for different regions and défdrcrops. Finally, we can see from
the significant elasticities of fertilizer demandttwrespect to land quality and rain
that fertilizer use and its yield-increasing effecticially depend on the soil quality

and prevailing weather conditions.

Although own-price elasticities of input demand® aignificant, the own-price

elasticity of fertilizer is low, suggesting thatrtiézer prices would have to decrease
substantially to increase the low level of ferglizise in rural Ethiopia. Quantitatively,
to increase the current adoption rate of aboutdpde hectare to at least 100 (which
is the average for low income economies), thatmaéa increase it by about 100 per
cent, fertilizer prices would have to fall by abdiitl1 per cent. However, fertilizer
prices seem to have increased over the last fers ,yaad very likely to be so for some
time to come. This will make it even more expendorefarmers who are already too

poor to buy fertilizer as over 80 percent of themy fertilizer through credit.

There are many reasons for this but the most irapbire devaluation of the Birr,
high local transport cost, and the elimination eftifizer subsidies. In spite of
significant decreasing trend in the internationdaces of fertilizer, the farm-gate
prices have not decreased proportionately due mbiramus devaluation of thBirr
and high local transport tariff (partly owing tahifuel prices and high transport costs
during rainy season). For instance, internationates of Urea and DAP have
decreased by 62.42 and 18.99 per cent respecbeglyeen 1996 and 1999. But retail
prices of DAP have increased over the same pefiedh@ne, 1999). Further, prices of

fertilizer in Ethiopia are relatively higher compdrto other developing countries
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(Mulat, 1995y. In addition, fertilizer prices are more expensiv&n the prices
guoted, as a great deal of farmers finance theich@se through informal credit
market with very high interest rates. Another remss that fertilizer markets,
especially retail markets, are not sufficiently etgriated as only few companies are
still monopolizing the supply and distribution evem local market (Mulat and
Techane, 1999).

Therefore, in light of the evidence here and gitrencentral role fertilizer plays in the
drive for sustainable growth in the agriculturakctee, the removal of fertilizer
subsidies can be put into question. In other wdtdsgvidence here calls for the need

to consider some price support mechanism for iegtilprices.

Labour has the highest own-price elasticity (0e43) compared to output (0.013) and
fertilizer (0.09). This coupled with its relativehigh elasticity with respect to output
price suggest a higher labour response to priceningees compared to fertilizer. The
results show that, unlike fertilizer, price incenes are at least as important as non-
price factors are for labour allocation decisiorite farmers. Thus, due consideration
should be given to enhancing more labour-intensifdarm activities and food-for-
work programs that absorb the prevailing rural kiglabour during off-peak seasons.
However, lower productivity of labour is evidenbiin the low elasticity of output
with respect to the wage rate. Yao (1996) foundiwieg elasticity of labour over
time, suggesting that stagnation of yield and iasieg population growth gradually

depressed labour productivity.

The lower own-price elasticities of the variablpuis as compared to their elasticities
with respect to output price suggest that incestiafecting the price of output are
much more important in the input allocation of @edsfarmers than those affecting
input prices. This is particularly the case fortifemer where the difference between
the two elasticities is relatively bigger. Hendee tresults of this study indicate that

increased use of fertilizer is not so much fromigyoimeasures affecting fertilizer

2 For instance, in 1993 (well before the removaddisidies), farm-gate price of fertilizer was US$30
per ton compared to unsubsidized prices of 205, 826 257 in Pakistan, Bangladesh and India
respectively.
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prices as it is from the overall liberalization thie economy, particularly from the

deregulation of agricultural output markets whitérted as early as 1989.

Non-Price Elasticities

On the whole, the effects of non-price factors omdpction and input use are highly
significant and strong. Output responds signifilyatd all fixed inputs and structural
variables. What is more, it is far more responsivéhese non-price factors than price
variables, which is demonstrated by the uniformighlbr magnitudes of these
elasticities. Of the fixed inputs, output respomdsnarily to size of cultivated land
(with elasticity of 0.43), followed by animal powewith elasticity of 0.29) indicating
the critical nature of these inputs. Though prounctis least responsive to farm
capital, the results indicate that the availapitf this input significantly increases
output supply without generating much additionainded for variable inputs. The
three conditioning factors that affect output mast rain, land quality and market
access with elasticities of 0.39, 0.31, and 0.ZXpeetively. The combined effect of

more land of better quality on output supply aeréfore substantial.

In most cases (with the exception of fertilizer dewh with respect to size of land,
farm capital and infrastructure, and labour demaatt respect to farm capital and
land quality), variable input demands also respsigdificantly to non-price factors.
The largest impact for labour comes from rain,dekd by animal power and land
size. Fertilizer demand is more elastic to animalgr (with the highest elasticity
estimate of 0.68), followed by infrastructure aadd quality with elasticities of 0.49
and 0.22 respectively. Since cattle in rural Etlaggre major stores of wealth, animal
power is likely to be positively correlated withedit availability, and in turn usage of

purchased inputs.

The high elasticity of fertilizer demand to infragiture is very much expected. Given
uniform prices within a village, the road densitgriable may capture the largest
component of transport cost differences and standvi additional dimension of the
fertilizer elasticity with respect to the deliverpdce (Bapnaet al, 1984). Land quality

has also strong and positive impact on fertilizemdnd, which can be attributed to
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the fact that better quality land is usually clogeroads and market. Further, hill side
farmers with slope higher than 5 per cent are hgibée to benefit from government
support of modern input packages (Zerihun, 1996).

The negative and insignificant elasticity of fer#lr demand to size of cultivated land
is not entirely unexpected in light of the extreylkew intensity of fertilizer use of
Ethiopian farmers. Most farmers in Ethiopia applpstantially lower amount of
fertilizer than the recommended rate. This resaiether with the relatively low and
insignificant elasticity of fertilizer to land acs® indicate that land is not as sever

constraint for fertilizer as it is, for instancer fabour.

Primal Elasticities

The elasticity estimates from the primal model algo reported in Table 2. The
output (production) elasticities are in general sistent with previous works on

peasant production in Ethiopia (see for e.g., Ceogfedt and Mulat, 1997; Abrar,
1996; Yao, 1996). Croppenstedt and Mulat (1997pguthe same data set, in their
study of technical efficiency reported land andilieer elasticities in the range of

0.46 to 0.58 and 0.03 to 0.09 respectively. Ya®6)9Ousing aggregate time series
data, reported elasticities in the range of 0.20.4&, 0.05 to 0.10 and 0.35 to 0.97 for

land, fertilizer and rainfall respectively.

These conditional elasticites reinforce the magsuit of the dual elasticities namely
fixed inputs and other non-price variables are mamgortant factors affecting output
and input use. The relative importance of theséalbbes is somewhat similar. The
only difference comes from the relative importamdéethe effects of rain and land
quality on output, and of animal power and infrasture on fertilizer. With the

exception of elasticities of fertilizer demand witespect to animal power and
infrastructure, all primal elasticities are lessarthunity. These elasticities also
produced similar signs except in three cases, falWlich are elasticities of input

demands. The weak response of output to fertilzparticularly evident.

However, in nearly all cases, the production etésts calculated from the primal
model are larger in magnitude than those derivedhfthe profit function. These

elasticities are generally found to be larger isaite magnitude than their dual
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counterparts (Jegasotley al, 1990; Applebaum, 1978). On the basis of estimates
translog production and cost functions, Burgess%)9eported markedly different
inferences concerning elasticities of substitutidrile Applebaum (1978) found that
magnitudes of price elasticities are sensitive iong@l-dual specifications. On the
other hand, studies by Dixat al (1985) and Haughton (1986), using production and
profit functions, indicate that parameter estimaied elasticities are more sensitive to
functional forms than to primal-dual representatanthe technology. In our case,
despite differences in magnitudes, the inferencaslemfrom the primal and dual

elasticities are not quite different from each othe

Conclusions

The results suggest that peasant farmers in Ethi@gpond (albeit modestly) to price
incentives. Output price significantly affects awitsupply and resource utilization
although its effect on output is not strong. Whikeanges in variable input prices
significantly affect the demand for these inputise tinfluence of input prices,
particularly fertilizer prices, on output is insijoant and very negligible. The price
elasticities taken together imply that small adjestts in prices may not be effective
especially for fertilzer. Even taking the relatiérger primal elasticity estimates into
account, to increase the rate of fertilizer appiicaby 100 per cent fertilizer prices
would have to fall by 769.23 per cent. This refeitte need to consider some form of
price support mechanism. The results also inditda policy incentives affecting
output prices are more effective in influencing unmllocation decisions of the
farmers than those designed directly to affect ipices. The response of labour to

price incentives is found to be strong compareithab of fertilizer and output supply.

The most important finding is that non-price fastare far more important in
affecting production and resource use than priceritives. This is demonstrated by
the substantially higher magnitudes of the elasiof output and input demands
with respect to these factors. This shows that wieak response of output and
fertilizer demand to improved price incentives iaintly due to the relatively more
important role of non-price factors. This meandiggtprices right is not enough. In
addition to price incentives, effective policiesathmprove farmer’'s access to land,

credit, public investment in roads and irrigatioe aequired. In light of the limited
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room for area expansion and the existing land polbich does not allow land
transfer, it seems probable that price incentivdg affect the crop mix shift, making
aggregate response following these incentives tntadl. While this is the case or not
should be rectified through an in-depth study obpelevel supply response, the urgent

need for institutional change for access to laralli®o obvious.
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Appendix A. Definition of Variables.

Aggregate output is defined as implicit aggregatangty index derived by dividing

total value of output by the price index. The owtpod price indices correspond to
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that used by Croppenstedt and Mulat (1997) on gtadly of cereal farmers using the
same data. We are grateful to Dr. Croppenstedtrioriding his set of variables from
the first round of the survey. The aggregate pimckex is defined as the Laspeyer’s
price index calculated from the major crops using Yalue share of each crop as a
weight. We used the prices collected by an indepeindrice survey simultaneously
with the main survey. In very few cases where theepof a crop is not reported, we

used unit values.

Fertilizer is measured as total amount of chemiedtilizer applied in kilograms.
Labour is defined as the number of person-daysadittonal (share) and hired labour
used in ploughing and harvesting. Labour usedeeding is also given in the data,
but we have not included it for two reasons. Fastyweeding is predominantly carried
out by women and children, it is not traded oras lvery low opportunity cost in terms
of off-farm employment as women and children ramgdyticipate in off-farm work.
The data also shows that weeding constitute a lesvycomponent of hired labour.
Thus, excluding it makes sense particularly intlighthe fact that we are using off-
farm and hired wage bills to derive the wage r&econd, weeding is least important
in tree crop areas. Family labour is not includedtas treated as fixed. Also, share
labour is adjusted for quality using average prodas a weight. The implicit
assumption here is that hired labour is more prodeithan share and family labour,

an assumption justified by the data.

The price of fertilizer is calculated by dividingtal expenditure on the amount
applied. For those farmers who do not use fertilitee mean of those who applied is
used. In two villages where there is no any farapglying fertilizer, the mean of the
nearest villages is used. The wage rate per pefags-is calculated from the wage
bill of hired labour. For those farmers (villag&gjh no hired labour, we imputed the

wage rate from the off-farm income of farm-relagzdployment.

Land is total area of land cultivated in hectaksimal power is defined as total
number of oxen owned. Farm capital is measuredabyevof hoe and plough owned.
Land quality is defined as an index of quality efitvated land (1 being best, 2

mediocre, and 3 worst). We combined the two irglickland quality given in the
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data (one for fertility and another for steepnes$) one index using total area
cultivated as a weight. Other inputs used in thedipinary analysis include: proxy for
manure use, and expenditure on all other inputs, ftrmer avoided due to

multicollinearity, and the latter due to statistireignificance.

A proxy for access to land is measured by the amnotiharvest paid in the form of
rent for land. Following Bapnat al (1984), infrastructure (and/or market access) is
measured by dividing the total population of thanest town (or big market) to the
road distance between the town and the village. léhel of rainfall is measured by
multiplying amount of rain in mm by the dummy fomim included in the
guestionnaire, where the farmer is asked if rairs waough or on time. We also
included a dummy variable to capture the two mmgtdrtant cereal and tree cropping
systems (1 if household is in cereal growing zdhatherwise). Other alternative
dummies were initially used for this purpose thalitshe sample into villages or
regions or sub-farming systems. Village level duesnvere excluded due to extreme
multicollinearity with rain and market access whiate also village level measures
whereas region dummies avoided as they performeletter than the one currently
used. Some other variables such as education, lamgsehold size, number of crops
inter-cropped, number of plots, access to cred, on-farm income included in the

preliminary estimation are left out due to multicwarity.

Appendix B. Describtive Statistics of Variables Used.

Variables Mean Standard
deviation
Output (Birr) 710.30 889.85
Fertilizer (Kg) 39.87 70.43
Labour (person-days) 32.14 75.10
Output Price (Birr/Kg) 3.19 3.00
Fertilizer Price (Birr/Kg) 1.52 0.37
Wage rate (Birr/person-days) 2.83 1.62
Area Cultivated (hectares) 1.74 1.56
Animal Power (numbers) 1.80 2.00
Farm Capital (Birr) 24.31 32.43

Land Quality (index) 1.53 0.44



Land Access (Kg)
Infrastructure (road density)

Rain (mm)

72.43
3880.45
548.16

384.30
3817.45
677.21
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