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Intreduction

The role of agricultural producer prices in influencing land
degradation has been debated in recent years. One arqument is
that depressing agricultural prices reduces farm profitabkility
and the incentives +to improve land productivity through
investments in so0il conservation. On the other hand, increasing
farm prices and land values is also thought te drive extensive
cultivation of more 'fragile' lands (for reviews see Repetto,
1988 and Southgate, 1288). Empirically measuring these effects

iz extremaly difficult.

Measurement of the suppiy response toc agriculture producer price
changes in developing countries has been frequently conducted
over the years. Early studiaes in the 1950s and 1960s, first in
developed economies and then extended to developing economies,
indicated that on typical farms small changes in the relative
prices of crops may make large changes in the cropping practices

more profitable (Heady, 1959%; EKrishna 1963 and 1%67; Nerlove,
1956) . These studies focused on changes in single-crop acrsage

as a proxy for supply responsiveness, and provided direct



evidence of individual farmers' substituting among crops and
adapting farming systems in response to relative price changes.
Tha sswvlv apalvses also noted that developing country farmers may
respond to relative price changss by switching land and other

resources betwaen ditrerent individuai crops Dut yah may be

unable to increase (or decrease) aggregate output in response to

overall rises in producer prices (Krishna, 1967).

ore recent studies in sub~Saharan Africa confirm that the effect
of changes in output prices on the aggregate level of production
tends not to be subatantial in many cnuntfies, but the
responsiveness of individual crops te changes in relative prices
is highly significant. although individual corop supdly
elasticities wary between countries and between crops,

elasticities of 0.5 or more were common (Bond, 19837 Fones-

Sundell, 1983). The . evidence again. suggests. that, as relative .

producer prices change, +the increase in individual crop
production is achieved at the expense o a reduction in
substitute crops. However, in a critical review of agricultural
supply response models in Sub-Saharan africa, Ogbu and Gbetibouo
(1990} argue that most models are deficient in the choice of
relevant explanatory variables because either the structure of
agricultural productiﬁn in these countries is not properly
modelled or the issues and constraints facing farmers is not
known or over-simplified. Understanding the factors that explain
the elasticities derived from empirical medels is as important

as the eliasticities themselves.
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Determining price and non-price supply responses for specific
commodities is bevend the scope of this paper. The concern hers
is less with measuring the actual magnitude of small farmer
response to price incentives than in determining how well they
respond. A crucial issue for land degradation is the extent to
which price-induced substitution encourages farmers to move away
from less erosive crops and cropping systems to more erasive
crops and systems. If changes in relative prices do influence
farmers' choice of crops and land husbandry decisions - and this
iz an eﬁpirical guestion that still needs to be verified - how
well do farmers respond to these price changes in making these

investmant decisions?

Evidence from Indonesia and Malawl suggests that wunder certain
conditions, changes in relative producer prices can affectychnica

, T
of crops and farming system, thus impacting on degradation

- -"_,':‘l . . _:-..,.,'.\. Lt
| XBarbier, 1988, 1989 and 1990; Barbier and Burgess, 1990; Becker,

1990; Carson, 1987). The relationships governing E%arﬁer
responses to relative crop prices are very complex, -and depend
on various factors such as housshold wzalth and income, tenure
security, attitudes to risk, access to off-farm employment,
lakour and capital constraints and intra-househeld allocation of
labour. Nevertheless, the limited evidence does indicate that
farmers will regpond to higher relative prices for erosive Crops
by seeking short run economic rents from erosive crop cultivation
at the expense of long—-term land degradation. This result holds
mainly for sedentary farmers cultivating rainfed_plutg in areas

with predeominantly ‘'closed! agricultural frontiers (i.e. areas



where agricultural extensification is reaching or has already
reached its limits). In frontier agriculture, farmers will open
up new areas to cultivation when the returns from the new land
ewo=ad those from existing land under cultivation {socuthgate,
1990; southgate and Fearce, i53838). Highor rolatlive pricess and
returns to erosive creops will not only accelerate degradaticn on

existing land but, as a consedquence, will also induce a more

rapid expansion into new areas and increased land clearance.

At the same time, fluctuations in relative prices c¢an increase
the uncertainty and risk borne by, in particular, small
producers. Switching to and investing in new cropping systems
and methods of cultivating involve high upfront costs and long
payback periods for small farmers. Unless they <¢an be apsured
that the relative prices and returns. from the non-erosive systems -
will be sustained,'tﬁesE'farmers;may-bE'less“willing to: invest -
in new, less-erosive cropping patierns and systems or in
improvements +to these systems where they already exist.
Similarly, small producers may be less willing to invest some of
the short-run profits from erosive cropping into expensive
physical erosion control measures, such as bunds, contour
ridging, bench terracing and so on, unless they can be sure that
the high relative prices they receive for their crops teday will
also prevail in the future. Thus the price risk imposed by

fluctuating relative prices may deter farmers from investing in

land husbandry.




Insufficient attention has been given to date on the incentive
effects of r[luctuating relative prices for controlling land
.degradatinn. The following paper explicitly examines this
proplem with the example of smallhcider producer prices in
Malawi. The paper first develops a simple model illustrating the
role of price fluctuations in land degradation, discusses its
relévance to Malawi and analyzes the available empirical evidence

on relative price fluctuations of non-erosive and erosive crops.

Analytisal] Framework

In analyzing fluctuations in producer prices it is important to
distinguish between that part of the variation that is
pre&ictable.hy'producers and that which is not (Hazell, Jagamiilo
and_ﬁilliamson, 1350). To the extent that producers ¢an_E:ed;nt
lﬁnvaments in prices, they will be able to adjust resnurces”and
cropping practices accordingly and perhaps aveoid any siééﬁle
invéétment losses, In contrast, unpredlictable price chahges
represent a risk, especially to small producers in developing
countries, who must egsentially rely on self-insurance ﬁlechanisms
and their own capital resources in the absence of futures,
options or other insurance markets and little or no access to
formal credit, especially for conservation investment=s. Thus a
distinction should be made between price risk, the part of the
total fluctuation in prices that could nct have been predicted
ex ante by small producers, and price variability, the simple

variation of prices around a trend that is observed in a tine
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saries (Hazell, Jaramilio and Williamson, 1980). It is the
effect of price risk arising from fluctuations in relative
erosive to non-—-erosive crop prices in Malawi on smallholders!
decisions to contrel land degradation that is the main focus of

this paper.

The importance of relative crop prices, and thus price risk, to
the land manaqeﬁent decisions of small producers can be reflected
in a simple model.? It is assumed that the obkjective of the
farmers is to maximize the net returns from production over time.
Holding input prices and guantities constant over time, net
returns are determined by the prices and gquantities of erosive
and non-erosive crop cultivation and the costs of controlling

land degradation.

Formally, the control problem, over an-infinite.horizon,-is:

max I = f(x,y.z,f]

- (1)
=j;e‘“{p"x{z} + p¥yiz) - cgliz)lde,

subject to

£ = gi(z) - hix,y), {2)
with h, > &, >0, g'(z) > 0, g”{z) <0,

x{E), yle), z{&y = 0, {3)

z(0} = z,. {4)
It is assumed that a small farmer maximizes the présent value of
his or her net returns from cultivation, [, where § 1is the
farmer's rate of discount, x(t} is the guantity of ereosive crops
and y(t} non-~erosive crops and p* and p' their respective prices.’

&




In (1), both crops are assumed to be increasing, concava
functions of tepsoil depth, z{t}. The function g{z] represents
erosion control effort, which also depends on tupsoil depth and

is subject to constant costs, <.

Constraint (2) indicates that changes in topscil depth, z =
dzf3dt, depends onh erosion contreol effort, g(z), less the relative
impacts of the ercosive and non-erosive crops, h{x,y). Topsoil
depth is either rising, stabilizing or falling depending upon
whether degradation control effort is less than, equal to or
greater than the ercsion impacts of erosive and non-erosive
Crops. Increased cultivation of both erosive and non-erosive
crops can increase land degradation, bt non—erosive crops have
less of an impact, h, > h,.* At higher levels of topsoil depth,
greater effort is required to control erosion, g'(z), albeit at
a declining rate, g"(z) < 0. Constraint (3} is the standard set
ﬁﬁf non-negativity conditions. Constraint (4) defines the initial

level of topsoil depth.

The current value Hamiltonian for the control problem (1}~{4} is:

H= (p>x(z2) + p¥y{z) - cglzi} + A{hi{x, ¥} - giy), {5)
where A 1is the current valus costate variable associated with
the state equation (2). Assuming an interior seclution, the first

order conditions for mawimizing (5) are:

H_ - pX- dh, =0, ()

X X



= _ = 7]
Hy"pj’ lhf .- 0: t

H. = A= [BA » e@ (D] - [Ag'{D) + pEUD + pryitm)], (B
lim t~e, ™A {t}z(E) = 0. (3
B = 2=g(z) - Ry, {(10)

The costate variable, A, can be interpreted as the implicit
value, or shadow price, of the scll. If topsoil is depleted, A
represents the user cost of soil erosion, i.e. the future returns
forgone by a decision to deplete the soil faster today.
conditions (6} and (7) indicate that, along thgfuptimal path,
farmers should choose to cultivate each erosive and non-erosive
crop to the point where the marginal returns from cultivation

equal the marginal user costs of zoil erosion, as determined by

the kind ecf crop. .

Equaticon {8)..indicates that the 'wvalue' of holding on to seil
‘today must rise at a rate equal to the total opportunity cost of
congerving seil less the increased current and future returns
from the soil. The cost of conserving soil includes an.'interest
charge', Sh, as well as the cost of current soil congervaticn
efforts, cog'(z).* These <costs essentially represent the
tdepletion motive! for increasing soil erosion today. The
current returns from topsclil are represented by p'x'(z) + p'y'({z)
and the future returns by Ag'(z)-. These currant and future
- returns are the 'conservation' motive for maintaining topsoil.’?
Finally, eguatien (9} is the transversality condition,; and

equation (10) repeats the state.equatinn constraint (2).




To simplify notation, assume that the incremental increase in the
rate of soil erosion from cultivating additicnal erosive and non-—
erosive crops is constant; i.e., h,= a and h, = b. Equations

{E}, (7) and {8) defining the optimal path can be re-writfen as:

>, {11)

x {12)
f"? - [aPTf + egfiz)) - E%}gﬂzj + pxxlzy + pYyiin],
B a2l v Sgi(z)l - (BIglzy « iz + v 1)
p.‘!" p}’ p}" p-“' py

-

Small farmers are essentially pricé takers. Eguation {11) shows
that farmers sheuld adjust cultivation of ercosive and non-eresive
cfops, and hence their ralative impacts on the #o0il, in response
to changes in their relative prices. However, erosive crops will
‘have a greater impact on the secil, thus reducing its asset value
- in terms of future preductive potential, From the f;}mef's
perspective, it is always optimal that the price cof erosive crﬁps

be higher than that of non-erecsive crops.

Equation (12) indicates how the 'depletion' and ‘'censervation!
motive of farmers will change in response to price rises over
time. If the price of erosive crops is Iincreasing relative to
non-erosive crops, then the depletion motive will outweigh the
conservation motive; i.e., the costs of conserving scil exceed
the returns. The farmer would be expected to change cultivation
of erosive and non-erosive crops, their impact on soil erosion
and ercsiocn contrel effort accordingly.! If the relative price

9



is falling, then the returns to conservation will exceed the
costs. The farmer will have more incentive to conserve rather
than deplete, and will change his farming system and practices
to reflect this. Clearly, then, depending on the change in
motives Drougnt about by relallve price ROVERSENRLs, wne L[arhsr
will adjust choice of crops, the rate of secil eresion and soil

conservation effort.

The above model is obviously a simplification of the complex
factors and choices determining a =small farmer's decision to
invest in s0il conservation and non-erosive versus erosive crops.
Az argued Ey Ogbu and Gbetiboue {1990), both non-price and price
factors must be taken into account in any modelling of
agricultural supply responses of farmers in Sub=Saharan Africa.
This certainly the case when such responses are extended to take
into account. their impacts con .land degradation, as a recent study-

in Malawi has shown (Barbier and Burgess, 1990}.

However, the model does show that, to the extent that the general
conditions suggested by the model hold, then the relaﬁive price
of crops can have an important influence on land managemaent
decisions by small farmers. More importantly, farmers must he
able to predict changes in relative prices in order tc know what
investment crop and land husbandry decisions toc make. Clearly,
relative crop prices are not the only factors affecting these
decisions. Input prices, capital, labour and input constraints,
access to information and technology, agroececlogical conditions

among others will alsc be influential. By abstracting frem these

10




factors, the model is not tLrying to demonstrate the all-pervasive
influence of prices; rather, it foocuses on the role of relative
prices to show the extent to which price risk can be an impertant
factor in land management decisions. fThe fellowing sections
examine this Jinfluence empirically with the example of

smallholder producers in Malawi.

Agriculture and Smallholders in Malawi®

Although 4.3 million hectares (ha) of land  in Malawi is
clasgified as arable, only around 2.4 million ha is probably
suitable for agriculture, most of which is already under
nﬁltivatinn. T:he 'dualism' of the agricultural sector is

characterized by. two distinct farming systems: the smallholder

Sub-sector, which accounts for about 80% of food producticn and .o ..

b

comprises around 90% of the population, and the estate . sub-

sector, which accounts for 90% of export earnings.

Approximately 1.6 million smallholder families cultivate up to
1.8 milliion ha under customary tenure. The principal crop is the
staple food, maize, which is grown on 75% of the cropped area,
with other important crops being groundnuts, Tire-cured tobatco,
cassava, cotton, rice and varlous pulses, roots and tubers.
Rapid population growth in Malawi of 3-4% per anpnum has meant
that approximately 30,000 new families must be absorbed on
customary land each year. Given that 1less than 30% of

smallholders have access to fertilizer anf the adoption rate for

11



high yielding maize varieties is less than 10%, average yields
are very low - about 900 kg/ha for maize. This combination of
population pressure on scarce land and low vields has led to
depressed farm incomes, declining per capita smallholder food
production, widaspread nDousenoid Iood LNASGUTILY &nd acia

degradation.™®

Moreover, an important distinction in the smallholder sub-sector
is between those households cultivating less than 1.¢ ha — the
minimum reguired for attaining sufficient household calorie
requirements from their land - and thoée with larger holdings.
approximately 715,000 households fall into the former category,
of which over 338,000 are 'core poor! households with less than
0.5 ha. Consequently, the majority of smallholders are food-
deficit, low-income households, that spend alwost half of their

cash income on-.food and: depend  heavily- on - off-farm- labour

enployment. - These constraints are extremely binding .on these

poor households, particularly the poor female-haadad hounsehelds,
and can severely hinder ecconomic oppnrtunitieé and improved land
management." It is only the households with relatively larger
holdings that are self-sufficient in feood production. Thus only
about 20% of smallholders in Malawi have access to credit and

produce a marketable surplus — and these are generally farmers

with holdings over 1.0 ha.?

Since 1979 Malawian agricultural has gone through a period of

rapid macroeconcmic adjustment, including extensive agricultural

12
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pricing and marketing reform for the amallholder sub-sector.®?

The objectives of the new pricing policy were to:

o stimulate increased smallhelder export production by

paying farmers prices closer to export parity;

.0 set a maizZe price that would achieve national maize self-

sufficiency;

o leave only tobacco and cotton prices controlled, i.e. as
the government's Agricultural Develcpment and Marketing
Corporaticon (ADMARC) retains its legal moncpsony over these
two crops, the official prices paid by ADMARC are also the

effective prices paid te smaliholders; and

o ensure that for all other =smallholder crops, inqluding,ﬁmﬁp

maize, the prices set by ADMARC represent a cuaranteed
 minimum price as ADMARC is obliged to buy all quantities

offered at that price.

To improve pricing policy, the Government of Malawi (GoM) has
instituted an annual producer price analysis angd review. As
prices have to be announced before the planting season to be
effective as incentives, they can often fail +o match the
eventual border prices prevailing at the end of the season given
the frequent fluctuations in export prices. HNeverthelesgs, since
1981 smallholder producer prices have generally been approaching

horder-price equivalents, Xn recent years, groundnut and cotton

13
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prices have even exceeded export-parity values. The exception
is smallholder tobacco, which is being sold to ADMARC at prices
significantly below local auction floor prices thﬁt are
essentially equivalent to border values, In addition, some crops
such as beans and pulses nave been pbanned Lor export because or
the uncertainty over sufficient suppliesz to meet dowmestic
reguirements and because market prices continue to exceed the

floor prices set by ADMARC (Lele, 1982 and Christiansen and

_Southworth, 1988}.

Although farmers may have been responding to changes in relative
prices by shifting their cropping pattern, the impact of pricing
policy eon their aggregate response is less certain.™  After

growing at an annual average of approxXimately 4.9% in real terms

during . the. 19708, agricultural growth =slowed. down to an average -

of 1.0% in 198C0-84, recovering -only to an.average of 2.5% in
19856-88, s8tilil failing to keep: pace with. the population growth.
In 1988/8% the total area sown to maize at 1.27 ha and production
of 1.52 million tonnes - +the highest levels on record -
represented increases on the previcous vyear of 4.9% and &,6%
respectively. Due to a drought in early 1950, maize production
during 1989/90 was not expecteﬁ to differ significantly from the

previous year's preoduction {Government of Malawli, 1990 and World

Ban}, 1989a).

Howevey, what is of particular significance for land management
and so0il conservation is  that the receant increases in

agricultural output have heen achieved by extensification of

14



agriculture intoc marginal lands, rather than by improving the
vields on existing cultivabted land, The reasons for this are

praedominantly structural:

o rapid population growth and the corxresponding fast
deciine in the land-man ratio has led to increased land
pressure and the ocpening ap of more marginal areas for
cultivation;
c the pricing and marketing reforms have achieved little
for the majority of smallholders cultivating less that 1.0
ha, mainly because the severity of the land constraint and
low yields preclude production of net marketable services,
thus limiting the main income benefits of these reforms-to
.the relativély better-off producers; -
© in fact, the food security of many food-deficit
_ households may actually deteriocrate as the price of maize
Hand other food crops increases, thus limiting the ability
of these households to diversify cut of own-food production

and to take risks;

0 consequently, over the past five years there has been
little change in the average yield for any of the main
varietal maize groups - local, composite or hybrid -
despite markedly higher rates of hybrid adoption and
fertilizer use, and the low productivity of maize has in

turn exacerbated the land constraint.?

s
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The aggregate impacts of land degradation in Malawi may be highly
significant. A recent study has shown that a conservative
estimate of tha on-site (user) costs of soil erosjon in Malawi

is around 4.8% of natiocnal GDP (Bishop, 1990).

Analysis of Price Impacts on Land Degradation

Of particular concern is how smallholder producer pricing policy
may have influenced these trends by changing the pattern of
smallhelder crop production and the relative returns to vario.us
crops, thus affecting the incentives for long-term land
management. One concern is that recent swings in relative prices
in Malawi may be making it difficult for smallholders to plan and
develop viable land management and cropping systems te counteract
erosion.. This iz particularly - the  case for the " poorer
smallholders who appear to rely on. intercropplng and relay
cropping maize, groundnuts and pulses as a means tﬁ meeting
natritional needs, maintaining soil fertility and conserving
s0il. Alternatively, some ‘'progressive! farmers may abkandon
these mixed-cropping systems to plant the more erosive arops,
such as maize, cotton and tobacco, in pure stands if there appear
to be higher relative prices for these crops, but the uncertainty
arising from the fluctuaticns in prices might prevent. them from

making land manhagement investments. (Barbier and Burgess, 1990).

Figure 1 shows the long-run price trends for pulses, groundnuts

and maize in Malawi. Until the early 1980s, prices d4did not
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increase substantially. Prices for pulses and groundnuts began
increasing in the early 1980s, and have risen rapidly. Maize

prices were not increased significantly until after the 1986/87

Season. Other key smallholder crops in Malawi are tobacco,
coLion ami casgava. Again, The prides OFf Lhie Jash Crops douton

and tobacco did not increase substantially until the early 1580s,
with tobacco prices rising dramatically in recent vyears (see

Figure 2). Cassava prices have continued to remain low.

These trends in individual crop prices can be aggregated to
derive price trends for the ‘non-ercsive' as opposed to the
‘erosive' crops.® As indicated in Figure 3, prices for both the
major non—-erosive crops - pualses and groundnuts and the major
eragive crops - maize, cassava, cootbton and tobacco - have been
rising s=teadily at approximately the same rate of increasie.
Conseguently, as shown in Figure 4, the non-erosive/ferosive crop
price index has not risen significantly from 1968769 toc 1989790
or from 1979780 to-1989/90. However, Figure 4 deoes indicate that
this index has fluctuated considerably over both the longer ang
shorter time periods. Swmallholders intending to invest in new
cropping patterns and systems could therefore face substantial
uncertainty and thus be less willing to undertake such

investments. fThe implications for land management are:

o farmers who are not incorporating non-—-erosive crops in
their cropping systems may be less willing to do so since
the price fluctwvations indicate a high risk of investment

from crop sieason to seascon and small long-term gains; and

17
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o farmers who already incorporate non-erosive Crops may
have less incentive to invest in improvements to these
mixed cropping systems - again because of the investment

risks from seasonal Fluctuations in relative prices and

pomarentlv insicnificsant lono-term cgains,

The extent to which smallholders in Malawi can anticipate or
'predict' the relative price of non-erosive to erosive crops is
based on past price levels and trends.” If farmers are to make
significant land management investments in cropping patterns and
systems, such as switching between erosive and non-erosive crops
or substantially iuproving non—-erosive cropping systems, then
they would be interested in anticipating future relative price
trends of non-erosive to erosive crops. ©OFf particular interest
is the extent to which past relative prices and trends are an
indicator of future prices;. given-that .the past price levels and .
trands are probakly all the-informatiqn.availahle to farmers for
predicting futufe prices. if.the relative price is highly
unstable, then past prices will not ke a good guide to the
future, and the uncertainty surrounding farmers' investments is
high; on the other hand, if the relative price is stable, then
past prices could be highly predictive of future trends, and

farmers would be less uncertain about the oukbcome of theilr

investments.

given that farmers are most likely to base their expectations
over future prices on a simple extrapolation of past price levels

and trends, fitting an autoreqressive trend model to the time
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series of relative non-erosive/erosive crop prices is the most
straightforward method of tftesting the accouracy of such
extrapolations. In short, a basic Nerlovian process is assumed,
where the change in price expectations by farmers in the current
year is some proportion 8 of the error made in formulating

axpectations in the previous year (Nerlove, 1956).

The kasic model is:

L

P,= a + fP,, (13}

wnere P = expected relative price of non-erocsive to ercsive
crops in period t (the current year).
B, = relative price of non-eresive te erosive crops in

period t-1 {the previous year).

Additional past values of P {e.g. for years t-2, t-3, etc;] may
also be added. Unfortunately, doing this may also add to
prchiems of multicollineariiy in any regression analysis, i.e.
high correlation between two or more independent wvariables.
However, as the major use of the estimated relationship is teo
predict future Llevels of P and not to precisely estinate
parametears per se, than the  presence of any high

rulticollinearity is less sericous a problem,

Several versions of the basic medel (13} were estimated,

including adding additional past values and incorperating changes

13



in past wvalues in semi—loyg versions of the basic model. ‘The

following were the best results:

T, o= 4,11 4+ e 843P, - BRA f14y
(3.96) (2.35 { 2 35}
pericd: 1972-%0 R? = .475 adj R* = ,409
S.E. = 0.524 D-W = 1,77 Fi6 = 7.23
LP, = 1.28% + 0.124DP, + 0.138DP, ) {15)
(38.64) (2.78) : (2.48)%
period: 1872-90 R? = .483 adj R* = .418
S.E. = 0.140 D-W = 1.98 Farpgg = 7.48
where LP, = natural log of P,
DR, = By — P, i.e. difference between last year's
prlce and the price prevailing the year before
DP,, = P, - P”, i.e. dlfference between the price two
years ago and the price .prevalllng the year
bafore

All estimated coefficients are significant at the 95% confidence
level or higher, with their t-statistics included in parentheses
underneath. The meore basic model (14} indicates that present
relative non-erosive/erosive crop prices can be positively
extrapolated frowm prices the year before, and given the price
fluctuations, can be negatively extrapolated from prices three
years ago. For example, on average the current relative price
will be around 44% of last year's price minus 56% of the price
three years ago. The semi-log model (15) shows how this year's
prices might change in response Lo changes in price differentials

in the past; i.e., the coefficients indicate how a one unit
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change in past price differentials might be used to predict the
percentage change in this year's prices. In this regression, the
response is very low — only 0.13% €0 a marginal change.in past

price differentials.

Unfortunately, however, the explanatory power of both models (14)
and (15) is not very goocd, as indicated by their respectiva.liz
and adjusted R® values. This suggests that it is difficult.tc
extrapolate future prices from past price levels alone.
Moreover, even if equation (15) is accurate, it indicates that
past price differentiales are not a very good guide to future

price changes.

Models (14) and (15) can also be modified to include a long-run
price trend for non-erosive and ercsive crops. The assumptiun
would be that smallholders take into account not only more-recent
Prices but also the long-run relative price trend for non-erosive
and erosive <rops. The long-run trend rates of growth for non-
erosive crop prices, erosive crop prices and relative non-
erosive/erosive crop prices were estimated directly from the
price series data for 1968/6% to 1989/90 using an exponential

growth function:

Non-erosive crops: 11.04% per annum
Erosive crops: 11.18% par annun

Non—-erosive/ferosive: 0.21% per annum.
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Howaver, the estimated regressions for deriving trend rate of
growth for the non-erosive/ferosive price ratio was a very poor
fit. This is not surprising, given the extreme fluctuation in
inis ratio as illustrated in Figure 4, Thus the trend rate of
growth in the relative prices was derived indirectly from the
difference hetween the rate of growth of non-erosive crop and
erosive crop prices, i.e 0.14%. Using thi=s rate of growth, a

long-run constant trend in the relative price was eastimated,

which was employed in the following regressions:

P, = =-29.531 + 0.285p,, - ©0.757F,, + B.818T (15
(-1.75) {1.51) (—-3.69) (1.998)

periocd: 1972-20 R} = .585 adj ®? = .502

S.B. = 0.481 D~W = 1.84 Fis;5 = 7.08

LP, = - 0.135DP,, + 0.138DF, + 0.325T an

{2.94) (2.90) (40.73)

period: 1¢72-80- R = .502 adj R = .439

S.E. = 0.138 D-W = 2.07 Fasis = 8.05

The interpretations of regressions (16) and (17) are similar to
that of (14) and (15}, although adding in the trend variable has
changed the coefficlents in regression (16) and a 33% change in
current prices in regression {1?] is related to the long-run
change in trend. However, the explanatory power of the
regressions has improved only sliﬁhtly, as indicated by the R?
and adjusted R* values. Thus, even if smallholders were aware of

both long-run relative price changes for non-erosive and erosive
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orops as well as past price levels, it would be difficult to
extrapolate future prices with much accuracy. A large degree of
uncertainty over future relative prices would remain. Thus, a
great deal of price risk has existed with regard to relative
erosive and non-erosive crop prices, which could have an
important influepnce on the incentives for improved land

managament.

Gross Margins and Cropping Pattern Changes

Any significant imﬁaet cf long-run price changes of erosive to
non-erosive crops in Malawi should he reflected in changes in the
returns and cropping patterns assoclated with each type of crop.
The relative returns to different crops, in terms of gross
margins and gross wmargins per standard man day {SMD), are given
in Takle 1. The relative returns of non-erosive te all erosive
crops and of non-erosive to the high-value ercsive crops (hybrid
maize, cotton and tobacco) are.displayed in Figures 5 and s.
Both the relative gress margins and the relative gross margins
per SMD of non-erosive crops have clearly fluctuated over the
1380s, peaking in the mid-19%80s and falling sharply in recent
years. The fluctuation was mainly the result of rapid changes
in the returns of groundnuts relative to maize, which has been
influenced by policy reversals an the relative pricing of these
two crops.'® However, evan when the relative returns to
groundnuts were high, the gross margins of all nen-erasive crops

in aggregate remained beslow the aggregate returns to the high-
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TABLE 1, MALAW[ + ESTIMATED RETURMS OF CROF PRODUCTION HE/ha, 1981/82-1989790

A. BEANS AND GROUNDHUYS

01583 LDEIZEI  PERSO4 IO@4 /08 10Q5RA  tORASRT  IORTRR  19RR/R0 10R0OD

BEANS

Grass Mergin (EM Y/ .M -t A5 1R £0,21 £5_18 &7, 0R LI Tr.54 S0.6%
Gross Margin/SMD &7 020 -0.03 013 B35 0.3 0. 40 0,39 &5 0.53
ALL PULSES

Gross Hargin (GH} 1S 3084 =515 Iz.25 61.91% 65.53 . &7.63 65,86 A0.11 10544
Gross Margin/SHO 2f n.1g -0.03 0.19 0,546 0,32 0.39 Q.39 0.47 0.s2
GROUNOKUTS (Chalimbana)

Gross Margin (GM) 1/ 20.79 171.31 202.627 25A.A0 2S0.11 281.22 238.42 23094 222,35
Gross Mergin/sSHD 2f .80 1.50 1.78 2.07 2.1% 2.20 2.0 2.03 1.95

GROUNDHUTS {Manipintar)

Gross Margin {GH) 1F KA HA 15184 20373 220,462  260.22  256.43 285.32  351.04
Gioes Margin/SHD 27 HA NA 1.33 1.7% 1.95 2.28 2.25 2.50 3.08

HOW-EROEIVE CROFS

Gross Harpin {(GM) if FO.41 11131 16339 ISP 1Be.54 188,96 1BDLES 181.0F7 185.98
Grase HargingseD 27 0.5% 0,95 1.23 1.48 1.57 1.59 1.52 1.51 1.53
B. MATZE

19&1?&2 1982583 19EIFEL  19BLJBS 19BL/BE  19B&/BT C1987/BE C 1988/B9 198990

RYBRID MWALZE 3¢
Gross Margin {GH) 17 211,87 19315 215,78 1P6.48 17402 1&66.BF  F53.15 414,45 3Ep.ER

Groas Margingssn 21 2.12 1.93 2.5 1.98 1.74 1.47 2.53 4,15 L

LOCAL MAIZE 3/

Gross Margin (GM) 1/ t40.92 130,83 143 .84 13F.06 0 2500 123.TRE 0 17L.VQ 2FE.A4 284.D6
Gross Margin/sHD 2f 1.81 1.68 1.84 1.76 1.61 1.59 2.24 3.5T J.64

LOCAL HALZE &fF

Grozs Margin (GM} 17 B&,10 5410 94.70 4,70 QLT 5% .T0 12665 187.00 201.54
Gross Margin/SMD 27 1.6% 1.65 1.81 1.81 1.81 1.81 -4 353 3.B5
ALL HAIZE

Gross Harain {GM) 1/ 108.28 104.81 11%.481 T2.54 ME.5T 10719 14% .92 22549 22%.10

Groas Margin/sHD 25 1.73 1.49 1.84 1.83 1.78 1.77 245 364 3. 79




TABLE 1. MALAWI - ESTIMATED RETURNS OF CROP PRODUCYION MK/hm, 1931782-1983/90

C. TOBACCO, COTTON AND WHEAT

1981782 1982783 19B3/84 1984785 19BS/BS 1925/87 1967/88 1988/B9 1980490

..................................................................................... A A s EEEEEEEEEEEE -

TORNCLD 1%0DT) 5
Grozs Margin (GMY 1/ 25454  IP0LF2 AM1.TE 0 530,50 5116 533,156 S42.36 0 THBLe1  1325.28
Gross MargingsMD 27 a_B7 1.29 1.42 1.7 1 .49 .74 1.79 2.43 437

TORACCO [SunfAir)Y &7

Bross Margin (GM} 1/ 174.84 258.1%  ZB1.20 391.84 306.37 31539 392.54 595.01  894.51
Grosza Hargin/SMD 25 D.GE 0.85 ﬂ.?i_ 1.2% 1.01 1.05 1.29 1.9 2.95
LOTTON

Gross Margin (GHMY 1/ 2046 . Bs Pl 310,81 343 .40 28T .B& 316,49 356.52 308,83 395, 94
Grogs Margin/sMD 27 0.8& 1.18 .26 1,58 1.14 1.28 T, 04 1.4% 1,60
HWHEAT

oross Margin (GH} 1/ 126.71  120.24 130,02  193.40 225.76 248.27 256.56 312.26 B44.02
Gross Margin/SMD 27 0.77 073 067  1.18  1.38 1.52 1.5 L%l 2.0

ERGCSIYE CRDPS 7/
Gross Margin (EM1 1/ m2.2¢ 12,34 f24.22 172,52 1702 114,82 159.1% 235.84.. . RPA4.AS

Gross Kargin/sKo 2/ 1.69 1.57  1.B4 1.82 177 .76 2.42  3.5% 374

HIGH WallUE EROSIVE CROPS 8/ :
Grosz Margin (GMY 1/ 213.72 218,52 2y 45 23734 £10.13 209 _B5 285,00 £29.0& 415,79
Gross Margin/skn 2/ 1.858 1.78 1.98 1.84 1.65 1.&1 2.52 I.84 3.28

HUN-ERDSIVESEROS]VE CROPS
Gross Margin (GWY 1/ Q.63 0.99 1.1% 1. 644 1.80 1.62 1.13 0.77 .76
Gross Mardin/SHD 2/ 0.3% 0.5% a7 a.82 o, 89 D.70 0,43 042 0,41

HOM-EROSIVE/HY EROSIVE CROFS

Gross Margin {(GH)Y 1/ 0.33 a.51] 0.59 a,.74 D89 0.50 043 D42 (.45
Grass Mergin/sHl 27 0.32 0,55 n.42 .80 0.%5 0.5 0.45 a4 .47
Hates: 1/ Gross margin oguals grass return minus total var{able costs excluding labor.

2F SHD = Standard Weon Days per he. These are calculated from the total man egafvalent
tours, divided by four. Man equivalent hours are used to aceawnt for the d7fferences in age
and sox coopaaition of labgur. The efficiency ceefficients used ape:

1 hour worked by 8 man = 1 man equivalent

1 hour worked by & woman = .7 man equivalent

1 haur worked by & child = 0.3 man equivalent
3F With conventional fertilizer.
af Without ony fertilizer.
5f NODF stands for Northern Division Park-fired tobaceo.
67 Sunfair refers to sun or air cured varieties of tobacco from the Southern Divis{on.
Ff Ermsive crops inclode gll maize, WDODF and sum-aic tobacco, cotton amd witeet.
&/ High value erosive crops Tnclude hybrid maize, WODF and sun-gir tobaceo and cotton.

SOurce: Barbier and Burgess (1%903)
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value erosive crops. In term= of returns to labkour, the grass
marginsg per SMD of the non-ercsive crops have. always remained

below those of the erosive crops.

Bvidenca on the chanoge in crovning natterns in Malawdi iz gparss,
Table 2 includes some trends, although the data must be treated
with caution because of the possible inconsistencies relating to
mixed stand and pure stand cropping as well as reliability of
data and comparability acress different surveys and national
estimates. ©n the whole, although maize - particularly local
varieties — continues to be the dominant crop, the hectarage
under maize appears to have keen generally lower in the late
1980s. However, there seems to be little change in +the
proportion of inter-cropped and pure stand maize cultivation.
The survey results in Table 2.A ipndicate that the area planted
to pulsas and groundnuts has increased in the 1980s, whilst the
area planted to grains have remained falrly stable. Pure stand
cultivation of groundmuts and some pulses are thought
particularly +to have increased (Kydd, 1989). This is neot
surprising, given the rapid rises in the prices of these crops
since 1980/81 (see Figure 1l). However the national estimates of
crop hectarage indicate very little increase in the area planted

to pulses and groundnuts (see Table 2.B}.
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TABLE Z. MALAWEI - CHANGES IN SMALLNOLDER CROPPING PATTERNS

A. Malawi - Surveye of Cropping Patterns in the Smallholder Sector, 1969/7T0-1987738

Crops Percentage of Cultivated Area 17
1959770 2/ wense1 37 19848787 4F TRET/ER SF
Maize (pure stand) Y.V 53.4
Maize {Interplanted} 15.1 14.6
Tatal Hajze TR.4 m2.a 85,7 0.0
GroUndntts &6 10.2 11.8 15.5
Pulses 4.6 .5 79 8.6
CRssava 2.0 2.7 £ 2.3
Potatoes 1.4 1.1 1.4 0.9
Sarghum ] 1.8 1.7 1.6
3.5 |
Miilet | 1.6 1.0 2.3
Bice | 1.7 1.1 2.2
I .
Cotten 2.9 | 2.9 6.4
|
Tobacco 5.3 | 2.9 2.2 3
|
Others | 1.4 0.7

Notez: 1/ Hectarages under mixed stands are ingluded for each crap in the mixture,
tharefere the X totals for cach crop are not additive, Hot all crops grown are Listed,
2/ Mationsl Semple Survey of Agriculture, 1968/69, (HSSA) & large scale sample survey,
I/ Hational Sample Survey of Aoriculture, 198907817, (N53A).
4y Taken from J, Kydd, "Maiie Resesrch in Halawi: Lesscns from
FailureH, Journal of Intermatioral Development, Vol, 1, No. 1, Januory
1269, pp. 112-144, besed on estimates made by the mapagensnt of the
Apricubtural Development Divisionms, informed by local sample surveys
WTLh Uneven coverage.
5F Arnual Sample Survey of Aariculture, 1987/788.



TAELE 2. MALAWI - CHANGES IN $HALLHOLDER EROPPING PATTERNS

6- Malaw! - Natfenal Smallbolder Hectsrage Estimatas, 1982/83- 1987788

Malze

« lecal

- composite
- hybrid

" Rice
Groundnuty
Tobaccao
Cotten
Wheat
Sarghum
Milleot
Pulses

il Beans 1/
Sunflowar
Casssva
Potatons
Cashenr
Otharz 2f

FaTAL

Kotes: 1f

Source:

1952,83
£Toao had

)

1149.40 73.59

2¢.31
14631

2750
32,60

z2.10
22,65
10.87
52.93

3.30

3,08
27.35

0.03
0.03

1586, 5%

i.28
9.26
1.75
2.06
0.13
1.43
0.é9
5.25
¢.21
0.1
3.76

0.00
.00

1965/ 84
€'000 ha}

118250
1067 .53
26.07
Eo. 01
Z1.72
16494
£5.00
5{.0&
1.98
21.30
15.34
o132
3.00
3.07
81.50
21.34
0.01
0.05

158445

)]

T0.21
6338
1.55
C
1.30
.40
2.47
3.05
0.12
.25
0.
5.42
0.18
a,1d
.84
1.27.

0.00 ..

Q.og

1984 /85
{000 ha)

114487
104844
21.45%
&G
20,87
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46,94
&0 82
1.13
I2.73
17.41
TR.97
3.00
3.0
B 26
22.72
0.01
0.4&

1550.59

(X1

&% .36
&5.52
1.30
L.54
1.26
B.24
2.0
.63
g.a7
1.98
1.05
4.85
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.21
4.B6
1.38
0.00
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1585784
Qo0 hal

1993.28
1104.58
20.10
5559
22.87
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28.05
51.91
1.51
32.06
17.42
113.66
.30
4.08
72.90
e
6.55
0.48

T7s5.817

il beans Tnclude soye beans, ground beans and guar beans.
2/ others include sesame, castor, coffee amd chillfes,

Barbiar and Burgcss (19903
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15208
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3218
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i2.75

1820, 88
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0.76
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Concluzion

This paper has explored the reole of relative preducer prices in
influencing =o0il conservaticon and land managément decisions by
small farmers in developing countries, The theoretical model
developed has shown the potential of this problem, especially the
suscaptibility of farmers' land managemant decizions to price
risk. An empirical analysis of the problem was conducted for the

smallhclder sector of Malawi, where price fluctuations have-

occurred in recent years.

The analysis shows that fluctuations in relative crop prices and
returns may ke ewarting a significant iwmpact on the incentives
for smallholders to invest in inmproved crowping systems and land
management by increasing the degree of price risk. The dyﬁamics

of price risk may produce the following effects:

o given the very small wmargins for risk among mnost
smallholders and the wide-spread prevalence of household
food insecurity, the uncertainty arising from fluctuating
prices and returns is net conducive to improving farming
systems, incorperating new c¢rops or investing in
substantial improvements in existing cropping patterns,

cultivation practices and conservation efforts;

o the relative poor returns of the non-ercsive crops -
groundnuts and pulses - to the more erosive crops,

particularly in terms of returns per labour, may be further
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constraining the income of those poorer households who
continue to rely on intercropped systems, with consequences

for both their feod security and land managenment; and

o the agsymmetrical impacts of pricing for most households -

i.e. that food-deficit households are likely to feel the
impact of higher food prices as consumers rather than
respond as producers to increase production - may have
reinforced both the disincentive effect of price
fluctuations on investment in improved farming systemé and

land management and the income constraints faced by poorer

households,

Further, detailed analysis of these effects is regquired hoth in
Malawi and other developing countries to improve understanding
of the economic incentives, especially from relative price

changes, on smallhclder soil conservatlon and investment.
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HNotasg

1. This paper is based on work conducted for the World BRank's
Southan Arricz Department iBarbisr and Burgess, im%a) ., 1 am
grateful to Joanne Burgess, William Hyde and Richard Scobey for
help and suggestions. The views expressed in this paper are
those of the avthor 23snz, znd cannot & atiributed To the world
Bank or to the above mentioned individuals,

2. The model used is adapted from Barbier (2990) and McConnell
{1983). '

3. In the model, time as a determinant of variables and
functions has been omitted to simplify notation.

4. Technically speaking, theraefore, there is no such thing as=s
a 'non-erosive' crop. The distinction is really between
'erosive' and 'less—-erosive! Crops.

5. As in fishery models, effort can be thought of as some
combination or index of the factor inputs required for soil
conservation ~ capital, labour, materials, etc. The assunption
is that greater topsoll depth means more soil to protect from
erosion, ‘

©¢. If the private rate of discount reflects the opportunity ceost
of capital to the farmer, then the interest ¢harge 1s essentially
the income the farmer forgoes by not depleting the soil today and
re~investing in some other asset at the rate &. The farmer's
discount rate may alsc reflect his or her rate of time
preference, which will be influenced by such factors as
perceptions of risk and uncertainty, tenure insecurity and
poverty. However, the social rate of discount will gensrally be
lower than the private rate. For more on the factors influencing
discounting in developing countries see Markandya and Pearce

(1988), and for specific examples, Barbier (1990} and Pearce, .

Barbier and Markandya (1990).

7. See Vousden (1573). Ehui and Hertel (1989) develop a similar
model for optimal deforestation and agricultural productivity in
Cote d'Ivoire.

8. To simplify the model, erosion control effort is not a
decision variable that the farmer controls directly. Rather, the
farmer influences soil conservation effort indirectly by
atfecting the level of erosion. In practice one would expect the
farmer to exercise more direct control over the s0il conservation
decision. :

9. This section is based on Barbier and Burgess (1%90) and the
references cited therain.

10. For example, in 19B6-87 average smallholder household income
was only MK 382 (US$172), of which over %0% was from on-rfarm
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activities, and over 55% of househoelds produced insafficient food
for their needs (Government of Malawi, 1987).

11. Becker (1990) has developed a household model for analyzing
these constraints, especially for female labour, in Malawi.
Barbier and Burgess (199%0) provide more detail on how these
constraints affect land management decisions, and the special
implications for female-headed households, who comprise arocund
42% of the 'core poor' households in Malawi.

12. For an excellent overview see Lele (1%89), who aptly
describes this condition as Malawi's "dualism within dualism".
See also World Rank (1989b) on the food security and poverty
conditions in Malawi.

13. For reviews, see (Christiansen and Southworth, 1988 and Lele,
1989}. -
14. For example, using a microeconomic model of household choice
to analyze supply response, Weaver (1989} Ifound positive and
significant own-price responses for rice, cassava and socrghum for
smallholders in Malawi. For seed cotton and coffee, negative and
significant cwn-price responses were found. Moreover, the model
also estimated highly significant cross-price (relative) price
effects. For example, an increase in the relative price of
groundnut reduced sorghum production, while an increase in the
relative price of cassava increased sorghum production.
Similarly, groundnut and maize were found to be substitutes for
cotton, whereas rice appeared to be a complement. However, Ogbu
and Gbetibouc {1990} criticize Weaver's model for failing %o
distinguish between subsistence and commercial smallholders, as
the aunthors believe that consumption, production and labeour
market decisions for these two classes of smallholders are
differsnt.

15. For more details, see (Barbier and Burgess, 1%90;
Christiansen and Scuthworth, 1988%; and World Bank, 19%8%a).

16. The terms ‘'non-erosive* and ‘erosive'! are somewhat
misleading. All annual crop cultivation will preduce some soll
erosion, runoff and fertility declines. However, the relevant

point is that some annual crops - e.g., pulses and groundnuts -
offer better ground cover, soil fertility maintenance and soil
structure cohesion than do others - e.g., maize, tobacco, cassava
ang cotton, thus reducing land degradaticn. Also, as noted
above, it is not the crop per se which causes soil erosion but
the method of cultivation and cropping pattern.

17. As very little information exists on actual market prices in
Malawi, the price series used in Figures 1-4 and in the fellowing
analysis are official prices. However, as the cfficial prices
are revised every year in light of market trends, these prices

are thought to be sufficiently representative of prevailing price
trends.

18. See (Christiansen and Kydd, 1950}).
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