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Chapter 6

SUPPLY RESPONSE FOR SHORT-TERM CROPS

6.1 INTRODUCTION

In the previous chapter, analysis was undertaken of market response

for a perennial crop (copra) that is sold predominantly in export

markets. The focus shifts in this chapter to an analysis of supply

response for short-term crops (i.e. those with a production cycle of 12

months or less) that are sold in both domestic and export markets.

The first part of the chapter is devoted to an analysis of export

supply response of producers of two major staple food products in Western

Samoa: taro and bananas. Sellers face a choice of three markets in which

they can dispose of their produce: the informal village market (including

own household consumption), the domestic fresh produce market, or the

substantial export market. Taro and bananas have been among the top four

agricultural export earners over the past two decades.

Throughout the South Pacific, root crops comprise the most

important staple food items. In the second part of this chapter, the

study is based on demand and supply relationships for root crops in the

fresh produce marketing system in Tonga. Similar to most South Pacific

countries, a range of root crops are marketed, mainly by producer-sellers,

in the main urban centre. Root crops form the basis of traditional diets

and, in Tonga, yams, taro, kumara (sweet potato), cassava and, to a lesser

extent, kape (giant taro) are all sold regularly in the fresh produce

market. An analysis is made of the response of suppliers of root crops to

price changes in the major fresh produce market - the Talamahu market - in

the capital, Nuku'alofa, on the main island of Tongatapu.

6.2 EXPORT MARKET RESPONSE FOR BANANAS AND TARO IN WESTERN SAMOA

6.2.1 Introduction 

In selecting a country as a case study of export supply response,
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Western Samoa offered a particularly good setting because of the

importance of smallholder-produced staple food commodities in the export

mix. Most South Pacific countries rely on the export of commodities that

are, or are derived from, staple foodstuffs. The most obvious example is

copra which is the most common export among South Pacific countries.

Export supply response of copra was studied in the previous chapter.

Two other good examples that require less processing than copra for

export are root crops and bananas. Western Samoa, Tonga and Cook Islands

have all been major exporters of taro and bananas over the past two

decades. Both products have been traditionally traded by participants in

the smallholder sector of the agricultural economy. In turn, these

participants have relied upon public marketing institutions to handle

export marketing arrangements. A study of export supply response for taro

and bananas should provide useful information for policy making on the

ability and willingness of participants in the smallholder sector to enter

the commercial economy and respond to market forces. It should be

possible also to assess whether export supply response for these staple

food items differs greatly from that for typical cash crop exports.

6.2.2 Background 

Taro and bananas have been and remain important items in

traditional food diets in Western Samoa. They are also key exports in the

agricultural and general economy of the country. In 1982, taro

contributed 14 per cent of total exports (Statistics Department 1982).

The export share of bananas had slumped to only four per cent by 1982 but

historically bananas have been a major export. Their share of total

exports peaked at 34 per cent in 1958 (Economic Development Department

1980).

Both crops have been produced for export, predominantly by

smallholders. Marketing functions at the time of study were undertaken

mainly by statutory marketing boards, under the auspices of the Produce

Marketing Division (PMD) in the Department of Agriculture. Taro exports

were handled by the PMD during the study period. Most taro was exported

by consignment to New Zealand (Wilson, Opio and Cable 1984), allowing New

Zealand importers to take a fixed margin (Burgess 1981). The PMD acted on

behalf of the Banana Board for virtually all exports of bananas. It
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received a commission for arranging the collection of bananas from

producers and their disposal to importers. This marketing situation

therefore contrasts with that outlined above for domestic sales of root

crops in Tonga where small private market suppliers predominate (as they

do, incidentally, in the marketing of taro and bananas domestically in

Western Samoa).

New Zealand and, to lesser extents, American Samoa, Australia and

USA are the major destinations for exports of taro while almost all

bananas are sold to the New Zealand market (Statistics Department 1982, p.

37). However, while the products share a common market, their export

marketing histories are quite different. Taro exports have become

relatively important only recently (from the early 1970s onwards). Banana

exports, on the other hand, have waned in importance during this period

because of difficulties in production, in performing crucial marketing

functions prior to export, and because of a growth in competition from

bananas exported from Ecuador to the New Zealand market (Jones 1977).

6.2.3 Method 

Models. Separate models of taro and banana export supply response were

formulated and estimated applying multiple regression analysis. The form

of the models followed closely that outlined for the copra export supply

response presented in the previous chapter. The period of study was 1970

to 1982 using quarterly observations.

Selection of variables. As in the previous chapter, the explanatory

variables of most interest are the export prices of the commodities being

studied. These were measured in each case as value of f.o.b. exports

divided by quantity exported.

Because of the likely interdependence between the two commodities

analysed, the local price variable of each was included as an explanatory

variable in the equation of the other. In addition, a rice price variable

was included to reflect the fact that imported rice may have become a

major substitute for locally-produced staple food products since the

commencement of the observation period (Economic Development Department
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1980, p. 112). The purpose of the inclusion of these price variables was

to reflect marketing decisions on directing supplies of the commodities

under study to (from) the export markets as local food prices fell (rose).

Hypotheses. The only non-arbitrary hypotheses are to test whether there

exists any significant positive short-run supply responses to price by

banana and taro producers. Such tests provide little information,

however, on the degree of magnitude of these responses. With no benchmark

studies previously undertaken for these crops to give an indication of
what might be regarded as normal response, the choice of any threshold

price elasticity of supply response would be quite arbitrary. In the long

run, the use of unity as a threshold between elastic and inelastic

response provides only a slightly less arbitrary value for hypothesis

testing of long-run price elasticity of supply response. It is

nevertheless of some value in measuring the degree of long-run response.

The approach adopted in this study is to formulate two simple

hypotheses to test the extent of short-run and long-run price elasticities

of supply response by banana and taro producers. Judgments will then be

made on the magnitudes of responsiveness indicated in the results.

Hypotheses to be tested are:

(a) Ho: Export supply response for bananas and taro in Western Samoa

is significantly greater than zero in the short run.

Ha: Export supply response for bananas and taro in Western Samoa

is not significantly greater than zero in the short run.

(b) Ho: Export supply response for bananas and taro in Western Samoa

is not significantly less than unity in the long run.

Ha: Export supply response for bananas and taro in Western Samoa

is significantly less than unity in the long run.

The Nerlovian partial adjustment variable (Nerlove 1958a) was

included in both models to take account of any lags in the adjustment of
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export supply to changes in the explanatory variables. This enabled the

estimation of both short-run and long-run price elasticities of export

supply.

Other variables which may have been important in explaining

variations in each of the dependent variables but which have been excluded

because of unavailability of data are the effects of pests and diseases,

input prices (such as fertilisers, pesticides and herbicides),

technological change, climate and maintenance of plantations or gardens.

The inclusion of variables that reflect the impact on crop yields

of pests and diseases (and associated control measures) was expected to be

important in explaining variations in the supply of both taro and

bananas. These factors are especially important for bananas where yields

often have been greatly reduced by outbreaks of various pests and

diseases. Major pest infestations during the study period have been

caused by scabmoth, nematodes and weevil borer (Asghar 1984). Leaf

streak, bunchy top and fruit rot are diseases commonly occurring during

the growing and ripening periods while black-end rot and finger rot are

fungal diseases that often occur during the post-harvest period (Asghar

1984). The level of impact over time of these various pests and diseases

are mainly influenced by two factors: climatic conditions and control

measures taken by farmers as well as by market participants (Jones 1977).

Unfortunately, there are no data available for the study period that would

provide an indication of the levels of various pests and diseases over

time. As a result, the explanatory power of the estimated equations is

likely to be reduced.

Although the effects of pests and diseases on yields have not been

as dramatic for taro as for bananas, they can nevertheless be substantial

at times. Howel (1982) and Wilson et al. (1984) have outlined the major

pests and diseases in the South Pacific. Taro beetle, whitefly, army

worm, taro horn worm and taro plant hopper have caused significant yield

losses at times. Nematodes, pigs, birds and rats can also be troublesome

pests. Root rot and corm rot caused by Pythium are the main fungal

diseases, while Phytophthora leaf blight, Phyllosticta spot and

Cladosporium spot are important fungal leaf diseases (Ooka and Trujillo

1982).
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Given the relatively low level of use of purchased inputs and the

fairly stable technologies in the production of the three crops over the

12 years of the study period, the effects of the omission of input prices

and technology as explanatory variables are not expected to be very

great. However, the complex climatic influences on the production of taro

and bananas - rainfall and its distribution, sunlight, humidity, cloud

cover, wind and temperature - would be expected to be substantial, and

changes in maintenance at least significant. An attempt was made to model

some of the complex relationships between climate and yields. This

attempt was expected to mitigate the damage caused by the omission of

variables representing climatic effects. First, seasonal dummies were

included on the intercept term in each equation to remove any seasonal

structure in the disturbance terms. Second, variables were included for

sunshine (hours per observation period) and rainfall (millimetres per

observation period). These variables (appropriately lagged) should

reflect to a large extent the effects of variation in two important

components of climatic conditions.

The two functions specified for estimation were as follows:

(6.1)	 QB = f l [PX11, PLC , PLT , PLR , SUN, RF, D 1 , D2 , D3 , QB(t-1)]

(6.2)
Q = f [PX*, PL , PL , PL , SUN, RF, D

1
, D

2
, D

3
, Q

T
(t-1)]

T	 2TCBR

where Q = quantity exported,

PX* = expected export price,

PL = local price,

SUN = hours of sunshine,

RF = rainfall (in millimetres),

D 1 , D2 and D3 = seasonal dummy variables, and

subscripts T, B, C and R are for taro, bananas, coconuts and rice,

respectively.

All data used in model estimation were obtained from Department of

Statistics (1983).
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6.2.4 Results 

The results of the selected response models are presented in Table

6.1. The explanatory power of both models is satisfactory but it is

relatively better for the taro model. Failure to specify the effects of

diseases in banana plantations during the study period has most likely

been the reason for this. No problems were encountered with

autocorrelation in the selected models, based on the estimate of the h

statistic (both models included a lagged dependent variable).

Expectations models are reported for both models. Short-run and long-run

price elasticities of supply could be estimated in each case. The final

version of each model was chosen on the basis of statistical criteria.

A number of the variables proposed in the equations were excluded

from the chosen models. In both equations, the price of rice, a

substitute food item in the domestic market, was excluded as it did not

appear to influence suppliers' decisions to divert commodities between the

export and domestic markets.

In both models, the local price of coconuts was an insignificant

factor. The most plausible explanation, discussed in the previous

chapter, concerns the small size of the domestic market for coconuts

relative to the copra export market. All seasonal dummies were omitted

from both models and sunshine was omitted from the banana model. It seems

that seasonality is unimportant for both crops and the sunshine hours

variable does not reflect well the impact of weather on the production of

bananas.

Of the included variables, the ones of most interest are the export

prices of the commodities. Testing of various forms of the models

revealed the robustness of these variables in each instance, both in terms

of significance and magnitude. In the selected models, the variable

coefficients are all significantly positive at one per cent level. The

coefficients can be directly interpreted as elasticities; their magnitude

is discussed below.

There are two main points to note other than the price elasticity

of export supply. First, export quantities of each commodity are affected



Constant PX*	 PLT	RF(t-2)B

3.73* 0.63** -0.67** -0.19
(1.80) (2.89) (-2.85) (-1.08)

-2
R = 0.55	 h = 1.34	 e= 1.00
Mean lag = 0.83 years

(b) Taro

Constant	 PX*	 PLB	RF(t-2)	 RF(t-4)T

3.17* 0.38** -0.54** - 0.24* 0.28*
(1.89) (3.12) (-2.86) (-2.00) (2.20)

-2
R = 0.75	 h = 1.89	 0= 0.20
Mean lag = 1.83 years
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Table 6.1

Export Supply Response Models: Bananas and Taro in Western Samoa 

(a) Bananas 

SUN(t-2) QB(t-1)

0.15 0.70**
(0.75) (6.31)

SUN(t-1) QT(t-1)

0.16 0.57**
(1.20) (5.08)

Figures in parentheses are t values.

	

*	 Significant at five per cent level.

	

* *	 Significant at one per cent level.
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by the price of the other in the domestic market. In both models, the

influence of the local price on export quantity is inelastic and of

similar magnitude. Second, in both models, there is a fairly lengthy

adjustment period: for taro, the coefficient of adjustment is 0.46; for

bananas, even less at 0.3. The models differ when interpreting the

coefficient of expectations (0). In the case of bananas, the coefficient

value is unity, so that the model could also be represented with export

price lagged one period instead of the expected export price variable.

However, the taro coefficient of expectations is quite low which means

that producers take account of quite a long period of past export prices

when making their supply decisions.

With regard to the climate variables during critical periods in the

planting, growth and harvesting cycles, there is little that can be said

with any great degree of confidence about the banana model because of the

low significance levels of the rainfall and sunshine variables. Rainfall

lagged two periods (six months) is significant at the 15 per cent level

and sunshine lagged two periods only at the 25 per cent level. While the

coefficient of the sunshine variable is as expected, the negative

coefficient of the rainfall variable also has an explanation. Perhaps

there are two factors at work here: high rainfall encourages good growth

conditions on one hand and a high incidence of pests and fungal diseases

on the other. In Western Samoa, disease in particular has at times had a

crippling effect on the banana export industry. For taro, both of the

rainfall variables are significant at the 5 per cent level and of expected

sign, whereas the sunshine variable is only significant at 12 per cent.

The positive coefficient on rainfall lagged four periods reflects

favourable conditions for taro production prior to planting; the negative

coefficient on rainfall lagged three periods results from the problems

created by wet conditions during planting. Later lags in rainfall proved

insignificant explanators and were excluded from the model.

Short-run and long-run price elasticities of export supply are

summarised in Table 6.2. All estimates are greater than zero at one per

cent significance level. The taro short-run price elasticities are

significantly less than unity at one per cent significance level and the

banana short-run price elasticity is significantly less than unity at five

per cent level. Both estimates are greater than the estimate of short-run
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Table 6.2

Estimates of Export Supply Elasticities: Bananas and Taro 

in Western Samoa 

Commodity
	

Short Run	 Long Run

Bananas	 0.63	 2.10

Taro	 0.38	 2.78
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copra supply reported in Table 5.2. The domestic markets are much larger

relative to the export markets for taro and bananas than for copra and the

biological constraints on production are less. Hence, there is greater

opportunity to vary supplies to the export market in the short run.

Although supply response is inelastic in the short run, it is very elastic

in the long run. Despite the fact that the short-run elasticity is

greater for bananas than for taro, the lags in adjustment and expectations

for taro occur over a period one year longer than for bananas, with the

result that the long-run estimate for taro is slightly greater than the

estimate for bananas. Whether the difference in elasticities between

crops is significant is impossible to tell because each model was

estimated independently.

6.2.5 Hypothesis Testing 

Both hypotheses are not rejected at one per cent significance

level. In the case of hypothesis (a), the hypothesis would have been just

accepted for short-run banana export supply response even if the threshold

were raised to unity. For taro, the hypothesis would have been accepted

at an elasticity of 0.5. In the case of hypothesis (b), the null would

have been accepted in both cases even if the threshold elasticity were two

instead of one.

Acceptance of the first null hypothesis means that agricultural

producers and market participants of short-term crops in Western Samoa

(and presumably South Pacific countries generally) can be expected to

alter their supplies to export markets in response to changes in export

prices. This would consequently influence the volume and value of

agricultural exports. With the acceptance of the second null hypothesis,

changes in world agricultural prices are expected to have a long-run

effect on agricultural exports which is at least proportionate to export

price changes. Hence, the indicator chosen for agricultural marketing

performance in Chapter 2 is likely to alter substantially as export prices

change for major agricultural commodities exported by South Pacific

countries. On the face of the evidence outlined above, it would appear

that export supply response for the staple food products examined in this

study is little different from that for the more traditional cash crop
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exports in developing economies reported by Ghatak and Ingersent (1984,

Ch. 7).

6.2.6 Conclusions 

In this section and in the previous chapter, the responsiveness of

market participants and producers to export market price changes has been

examined. The econometric methods used have been simple. Given the

objectives of the analyses undertaken, however, these methods have

sufficed, without causing any statistical problems that might detract from

the testing of the hypotheses formulated. Any lack of explanatory power

has been in addressing the questions about factors influencing levels of

agricultural production and about farm production-household relations;

these factors are of only marginal interest in this study.

Results of the estimated models of export supply response leave

little doubt that, in export markets, there is a positive market response

to exogenously-determined price changes. Short-run estimates conform to

conventional expectations with elasticities lying between zero and unity.

There is evidence, however, of an elastic supply response in some markets

in the long run. Supply response studies have typically concentrated on

producer response. By focusing upon the point of export, any positive

response to export price changes would require not only a positive supply

response by producers to price changes but also a positive response by

those people responsible for the discharge of product marketing

functions. A positive producer response is therefore a necessary but not

sufficient condition for positive market response.

6.3 MARKETING OF ROOT CROPS IN A FRESH PRODUCE MARKET IN TONGA

6.3.1 Introduction 

Unlike the situation in export marketing described above and in

agricultural marketing systems in developed economies, there has been

little specialisation of domestic agricultural marketing functions in the

fresh produce markets in South Pacific countries (discussed above in

Chapter 4). Enright (1976) in Western Samoa, Hau'ofa (1979, p. 132) in

Tonga and Baxter (1980, p. 69) in Fiji have reported the proportion of
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vendors from farm households in the local produce markets to be 89, 95 and

60 per cent respectively. McGee et al. (1980, p. 48) have reported that,

in Vanuatu, most sellers are the growers themselves and the majority are

women from the farm family while Epstein (1982, p. 12) noted the absence

of any wholesale transactions in PNG. Hence, producers and market

participants are commonly members of the same family, if not the same

person.

Decision makers in farm households that also undertake marketing

functions are faced with three stages in decision making that influence

the level of agricultural surplus they market. A decision must be made

first on the area to be planted to different crops. Next, three decisions

are needed at harvesting: how long to leave matured crops in the field;

how much to consume in the farm household; and how much produce to supply

to alternative market outlets. Planting decisions by producers are

therefore a necessary but not sufficient domain of analysis for

determining levels of agricultural marketed surplus. Surplus is also

influenced in the third stage by marketing decisions that follow planting

decisions by up to 12 months for short-term crops.

Epstein (1982, pp. 145-50) observed that sellers at fresh produce

markets in PNG are not a homogeneous group. From her studies, she

identified five different categories of vendors, despite considerable

ethnic homogeneity: trippers, marginalists, buyer-sellers, profiteers and

target operators. 'Trippers' are irregular sellers who attend the market

for social purposes. They are therefore unlikely to be influenced greatly

by market price changes.

'Marginalists' are predominantly subsistence producers who sell

small quantities irregularly in the market. These sellers generally take

back home any unsold produce. The category is likely to include producers

relatively remote from the market who take advantage of high prices for

staple food produce to obtain cash earnings. The high prices make selling

profitable whereas there is little incentive to enter the market when

prices are at medium and low levels. Another type of marginalist supplier

is the village producer who converts produce to cash at high prices

because of the reduced likelihood of demands being made on cash than on
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produce by members of the extended family and others in the village (S.

Sefanaia, personal communication, 1986). Suppliers in this group appear

to respond positively to price.

'Buyer-sellers' are usually regular attenders who participate in

the market to purchase goods they do not (or cannot) produce themselves

and to sell surpluses of the goods they do produce. They are more

market-oriented than marginalists and trippers. Their approach to trading

is likely to be close to that prescribed by economic theory, with a

positive price-quantity relationship when selling and a negative

price-quantity relationship in the buying activities. Personal relations

in trading, however, are also likely to be important to members of this

category. Buyer-sellers are commonly specialist agricultural producers

(or fishermen) who obtain supplies of staple foods by exchanging their own

produce for other items in the market. In small village markets, these

transactions are often still by barter (I. Frazer, personal communication,

1985).

'Profiteers' (hereafter called profit-oriented suppliers), on the

other hand, are those suppliers who conform closely to the market

participant of economic theory. They conduct transactions in an

impersonal manner and attempt to maximise profits. The evidence evinced

in the previous section indicates that supply response in export markets

is dominated by this type of supplier.

The importance of distinguishing between the component of marketing

surplus attributable to the need to meet cash obligations and needs and

that component stimulated by a desire for profit through commodity

exchange has been recognised for a long time (e.g. Narain 1957, 1961).

As Harris (1984, p. 72) observed, the existence of the final

category of 'target operators' (hereafter target income suppliers) has

been mentioned in many early official reports in South Pacific and other

developing countries. Brookfield (1969) also argued for the presence of

target income suppliers and speculated that the supply function, and also

the demand function, might 'show inflexion and inversion' (p. 154). Such

sellers are supposed to respond to price changes in a perverse fashion:

increased prices induce a reduction in supply while decreased prices bring

forth a increased supply. The reason put forward to explain this behaviour
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is that target income suppliers supply the market to earn a predetermined

amount of money needed to satisfy a specific consumption need, after which

they withdraw from the market. Hence, the lower the commodity price in

the market, the greater the quantity of produce that needs to be supplied

to meet target income requirements (and vice versa).

Such behaviour by suppliers has received some attention in the

literature on agricultural supply response (e.g. Mathur and Ezekiel

1961). However, the proposition that suppliers behave in a 'perverse'

manner has become unfashionable because it is alleged to be 'economically

irrational' (Ghatak and Ingersent 1984, p. 180) and, as Harris (1984)

pointed out, because it connotes laziness and is suggestive of racism.

Yet as mentioned in Chapter 4, Fisk (1975) developed a model of response

of subsistence production units with supplementary cash income (extended

by Stent (1984, Ch. 4)) in which he showed that these responses are indeed

quite rational and should not be 'passed off as the result of insufficient

moral fiber, or laziness, or other reprehensible forms of irrationality'

(p. 83).

Dunbar (1981, p. 172) asserted that target income supply behaviour

exists in Vanuatu, observing that 'small-scale village producers ... tend

to work towards short-term cash targets so that a rising ... price is not

an incentive to produce more but rather to produce less'. She believed

that such behaviour is being gradually replaced by more profit-oriented

supply response because of an 'increased preoccupation with cash earning

activities for non-immediate needs ...' (p. 175). Rodman (1984, p. 76)

also confirmed that smaller producers of copra in Vanuatu sold copra in

order to purchase a specific consumption item.

Fisk's arguments, which have not been disproved, are based on the

context of production units that are chiefly oriented towards subsistence

production but which also include a small, supplementary cash-earning

component. This is his second stage in the transitional process of market

participation (p. 53). Supplementary cash production is undertaken at the

margin between the second and third transitional stages only to provide

for the basic needs of the household that are acceptable by customary

standards (p. 80).
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A likely outcome of household behaviour in Fisk's second stage of

market transition is that production decisions are unrelated to market

prices. As Brookfield (1969, pp. 153-4) observed, the majority of

semi-subsistence farmers in South Pacific countries produce a 'normal

surplus' (Allan 1965, Ch. 4) that is designed to meet the uncertainties

associated with ensuring adequate food supplies throughout the year.

Allan (p. 38) considered it virtually axiomatic that subsistence

production decisions would involve cultivating an area of crops sufficient

to satisfy food consumption needs in a season of poor yields. Any surplus

produce marketed therefore tends to be a result of the differences between

perceived needs in bad seasons and actual output rather than a decision to

plant a particular crop conscious of the profit that can be obtained from

its cash sale.

With increasing reliance of the production-household unit on cash

cropping (Fisk's third stage of cash orientation with supplementary

subsistence), it becomes advantageous to specialise in supply to the

market in exchange for cash. Levels of household consumption of own

production then become dictated by the relative profitability of

participation in the commercial market. Profit-orientation is the feature

of decision making on marketed surplus in this stage.

If it were accepted that the numerically predominant

semi-subsistence producers who mainly sell their own surplus in fresh

produce markets are not a homogeneous group, and a significant portion of

them are target income suppliers, it is quite probable that the supply

function for a particular staple food commodity will not exhibit a linear

price-quantity relationship. In particular, target income supply

behaviour is likely to prevail at low to medium price levels, giving way

to profit-oriented supply behaviour as prices increase. At high prices,

with the entry of marginalists into the market, the price responsiveness

of supplies would be expected to be high. Further, because these

suppliers commonly produce a variety of agricultural commodities, there is

considerable opportunity for substitution among goods in consumption

patterns and supply at different price levels.

The hypothesis to be tested in this study is that the supply

functions of root crops in Talamahu market exhibit an arc shape of the
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form illustrated in Figure 6.1. This hypothesis can be tested by

examining the significance and signs of the parameters of quadratic

polynomials included as the functional forms for the own price variables

in the root crop supply equations. A significant and negative coefficient

would be expected on the ordinary price variable and a significant and

positive coefficient would be anticipated for the square of the price

variable. The alternative hypothesis is that supply response is

significantly positive at all price levels, in accordance with economic

theory and consistent with the findings for export supply response

outlined in the previous section.

6.3.2 Review of Literature on Supply Response 

As noted for perennial crops in the previous chapter, there have

been adequate reviews of short-term crop supply response which obviates

the need for a full survey of past analyses in this study. Lim (1975),

Askari and Cummings (1976) and Ghatak and Ingersent (1984) again have

provided the groundwork for a distillation of the major implications which

flow from the plethora of studies of short-term crop supply response

undertaken in the developing world.

Important implications of previous studies for the analyses

undertaken in this chapter are:

(a) There is a wide range of results for both short-run and long-run

elasticity estimates. These would appear to vary according to the

commodity under analysis, the country of study and the estimation

procedure adopted.

(b) Despite the difficulties in generalising results mentioned in (a),

it would appear that in most studies, short-run supply response is

significantly greater than zero and less than unity.

(c) It is not uncommon to observe elastic long-run supply response, as

impediments to adjustment of supply in the short run are overcome.
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Figure 6.1 Hypothesised shape of the supply function for root crops
supplied to the fresh produce market.
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(d) A variety of non-price variables (weather, irrigation, resource

endowments, human capital) also appear to influence significantly

supply response.

(e) Adaptive expectations and partial adjustment models often are

useful in explaining producer response in altering total supply and

levels of marketed surplus - and the results from these models are

remarkably robust.

(f) Producers are willing to respond to new supply opportunities

(including the production and supply to commercial markets of new

crops) if the economic conditions are suitable.

(g) The farm production-household relations are likely to be important

in explaining changes in levels of marketed surplus.

There are a further five areas of interest, given only cursory

attention in the literature, that are lightly researched in developing

countries. The first one concerns the distinction between export and

domestic supply response. In many developing countries, including those

in the South Pacific, considerable freedom to alter supplies in either

market derives from the ease with which supplies may be switched between

them according to changes in the relative prices of the two markets. The

second area is an extension of the first: some major exports from South

Pacific countries are also staple food items. It is important to policy

makers to know whether the response of producers to export price changes

for staple food items differs from those for typical cash crops that are

exported. Third, few attempts have been made to determine the influence

of export (or domestic) price risk on supply response. This theme is

taken up again in Chapter 9. Fourth, an inordinate emphasis has been put

on producer supply response with little consideration given to factors

operating between the 'farm gate' and the final consumer to influence

supply response. The importance of producer-sellers in South Pacific

markets, noted above, and the consequent lack of specialist wholesale

functions could be an important determinant of the overall market response

in these markets. Finally, suppliers have been typically cast as a

homogeneous group in economic analyses of supply response. Given the
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evidence accumulated by researchers such as Brookfield (1969) and Epstein

(1982), this is unlikely to be a valid assumption in the South Pacific

countries.

The literature dealing specifically with marketed surplus of food

crops has been reviewed by Upadhyay (1985). This review was undertaken

quite thoroughly although there are some important omissions, an example

being the failure to mention the early theoretical work of Livingstone

(1977). As Upadhyay's review makes clear, virtually all of these studies

have involved analysis of data collected from individual production

units. Much of the theoretical and empirical effort has been directed

towards developing an understanding of farm household production and

consumption behaviour and time allocation of members of these households.

A different approach is to be adopted in this study in that market level

data rather than farm level data are to be used in analysis. The

reasoning behind this approach follows from the point made above about the

heterogeneity of sellers in South Pacific fresh produce markets. The

problem with using farm-level data for studying marketed surplus response

is that it is difficult to ensure proper representation of, in particular,

profit-oriented and target income suppliers. This task is less a problem

when data are collected at the retail level and are representative of all

categories of suppliers.

6.3.3 Background to the Marketing of Root Crops in Nuku'alofa

Production. Root crops account for about 30 per cent of the value of

throughput in Talamahu market (MAFF Planning Unit 1984). Shares of each

type of root crop, on the total value of sales in the period 1982-84, are

distributed approximately as follows:

Yams	 38 per cent

Kumara	 30 per cent

Taro	 16 per cent

Cassava	 13 per cent

Kape	 3 per cent.
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The production cycle of each root crop differs. Yams are the most

seasonal enterprise. Early plantings do take place from June but most

plantings occur from September to November, with harvesting dates seven to

eight months later. April to September are usually the most important

harvesting months.

Taro has a five to nine month growing period. The best planting

period (to avoid flowering) is usually before the New Year. Kape is now

almost completely intercropped in yams (Holo and Taumoefolau 1982).

Kumara has been traditionally planted in March and April but now is grown

throughout the year. The average growing period is four months but varies

between three and six months depending on variety. Cassava can be grown

all the year round but planting levels are usually highest during the

period, October-April. Given approximately a six-month growing period,

the heavy harvesting months are usually April to September. Cassava is

commonly consumed as a complement to yams in farm households and, hence,

the major harvesting months correspond to the peak output period for

yams.

Taro and kumara are seen as high-yielding crops which, because of

their short-term storability in the soil, can provide a buffer in times of

shortfall (Rathey and Tu'ifua 1983, p. 5). Cassava is a crop that yields

relatively better than other root crops on poorer soils and in dry

conditions. Yams probably suffer more from adverse climatic conditions

than other root crops, being especially affected by high winds. This

should be demonstrated by a decline in the volume of yams marketed during

unfavourable weather conditions, such as those prevailing before and

during 'Cyclone Isaac' in the first half of 1982.

Market throughput. Root crop products are mainly consumed in the village,

or sold in the fresh produce market. Exports are mainly limited to taro.

In 1984, 876 t of taro (worth T$140 276) were exported, mainly to New

Zealand (Statistics Department 1984). There were also minor exports of

kape (63 t worth T$49 982) and yams (55 t worth T$72 426).

Talamahu market is the only substantial fresh produce market in

Tonga. Because of the dispersed nature of island groups, its suppliers
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and consumers are overwhelmingly from the main island of Tongatapu on

which Nuku'alofa is located. A wide range of produce is traded in the

market place, comprising the staple food crops (root crops, bananas and

breadfruit), supplementary food crops (such as taro leaf, pele, sugar

cane and spring onions), tree crops (e.g. coconuts, pawpaws, lemons and

mangoes) as well as some prepared foods (Thaman 1983, p. 16).

As in other South Pacific countries, the Talamahu fresh produce

market is becoming increasingly important in providing food for the

growing indigenous urban population. Over the past decade, the annual

throughput of root crops has been in the range of 1800t to 3500t, although

the relative contributions of individual root crops (in tonnage) have

oscillated considerably (see Table 6.3). The percentage contributions in

volume since 1976 have ranged as follows:

Yams 4 - 19

Kumara 11 - 51

Taro 14 - 43

Cassava 13 - 44

Kape 1 -	 9

While some of these variations might be attributed to individual crop

response to changes in growing conditions between years, it would indicate

also that there might be considerable substitution among root crops

(Rathey and Tu'ifua 1983) and between root crops and other staple food

products. Some substitution is also possible because of the limited

flexibility in storing crops in the ground for a couple of months after

maturity is reached. Intra-year substitution among root crops can occur

for non-price reasons. It is most marked at festive times of the year

when cassava and kape are commonly substituted by other preferred root

crops, especially yams. Further reasons for flexibility in market supply

in the very short run are the opportunity to vary (a) transactions in gift

exchange relative to commodity exchange; (b) levels of marketing inputs

(notably, family labour); (c) amounts of crops left unharvested in the

field; (d) amounts of crops fed to livestock; and (e) wastage in

consumption.
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Table 6.3

Supply of Root Crops to Talamahu Market - 1976 to 1984 

Commodity 1976 1977 1978 1979 1980 1981 1982 1983 1984

Yams	 (t) 287 228 177 217 383 346 242 86 185

(%) (8) (7) (10) (12) (19) (16) (9) (4) (10)

Kumara	 (t) 1069 1288 481 201 214 648 900 977 646

(%) (31) (40) (27) (11) (11) (31) (32) (51) (33)

Taro
a
	(t) 1427 716 281 738 858 513 844 262 313

(%) (41) (22) (15) (41) (43) (24) (30) (14) (16)

Cassava (t) 460 811 793 483 368 515 751 578 757

(%) (13) (25) (44) (27) (18) (24) (27) (30) (39)

Kape	 (t) 251 180 70 151 182 102 74 19 36

(%) (7) (6) (4) (9) (9) (5) (3) (1) (2)

Total	 (t) 3494 3223 1802 1790 2005 2124 2811 1923 1938

(%) (100) (100) (100) (100) (100) (100) (100) (100) (100)

a	
Includes taro tonga and taro futuna.

Source: Market surveys, Talamahu Market 1976-84; Talamahu Market Manager's

Official Record Books 1976-82.
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6.3.4 Method 

Model. Analysis of domestic market response for root crops based on

Talamahu market entails an analysis of both supply and demand response for

these commodities. The analysis is undertaken for the period 1982 to

1984, using monthly data. Because the producer-sellers have flexibility

in deciding which market to supply - village or domestic fresh produce -

there is expected to be a very short period between the decision to supply

and the actual supply. The shortest observation period available for

analysis is one month, which is easily long enough for suppliers to

execute their decisions (but not for these producers to alter quantities

produced). Similarly, consumers are expected to respond quickly to price

changes (with much less than a one-month lag). Using one-month intervals

for observations, therefore, a simultaneous system of root crop marketing

operations is likely to prevail. With market-clearing conditions existing

within each week, price acts as the equilibrating mechanism between

jointly-determined demand and supply. Produce taken to the market is

sold, destroyed or taken back to the village for home consumption within

one month.

The application of OLS to separate demand and supply equations for

each commodity may lead to inconsistent estimates, resulting in

simultaneous equations (or least squares) bias. Simultaneous equations

models employing both two-stage least squares (2SLS) and three-stage least

squares (3SLS) estimators were formulated in this study to avoid any bias

in estimates. The choice between these two estimators was to be based on

an assessment of the efficiency and stability of the models, and the

results from application of the Lagrangian test formulated by Breusch and

Pagan (1980). Price, supply and demand were treated as endogenous

variables.

There is a further possibility of joint determination of endogenous

variables for all five root crop commodities under study. Independent

estimation of a simultaneous model for any one commodity, therefore, might

also lead to biased estimates. For instance, the price of yams may be

jointly determined with the price of taro. The model estimated in this

study contains all five commodities, with three equations for each
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commodity. The first two equations include factors that determine supply

and demand. The third equation in each case is the market-clearing

identity. The full model comprises 15 structural equations and can be

expressed in linear form as

5
(6.3a)S = a+E13	 p + E y Y+ ui	 i	 ij j 	 k	 i

j = 1	 k=1

5
(6.3b)D =	+Ee P+EX Z+ vi	 i

(6.3c) S. = D.1

where S = quantity supplied,

D = quantity demanded,

P =	 price,

Y = exogenous and predetermined variables influencing supply,

Z = exogenous and predetermined variables influencing demand,

u = disturbance terms in supply equations, and

v = disturbance terms in demand equations.

Success in modelling the above system depends on the ability to

satisfy the demanding identification rules.

j=1 ij j	 z
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Two identification conditions must be met: order and rank.

Following Koutsoyiannis (1973, p. 348), the order condition is satisfied

for each equation if K - L G - 1, where K is the total number of

variables in the model, L is the number of variables in the equation under

scrutiny and G is the number of endogenous variables in the model (and

also the number of equations to be estimated). In each estimated

equation, therefore, 14 variables (i.e. G - 1) that are in the model need

to be excluded from that equation to satisfy the order condition.

The rank condition 'refers to the rank of the matrix of parameters

of excluded variables from a particular equation (Koutsoyiannis 1973, p.

343). It requires that there is no other equation (or linear set of other

equations) that satisfies the restrictions on the equation being studied.

In order to reduce the burden of these identification rules, five

sets of simultaneous equations were run separately (one set for each

commodity). The purpose of this exercise was to discern whether the

supply and demand of any commodity are determined independently of any

other commodity in the system. (That is, there is no interdependence

between variables in the equation being estimated and other variables in

the system.) It was found, however, that the various demand

interrelationships precluded the separate estimation of equations for two

or more groups of crops.

Endogenous variables. The endogenous variables specified are the LHS

variables (quantities demanded and supplied of the five commodities under

study) and the five commodity price variables. Quantities and prices were

both obtained from MAFF Planning Unit (1984).

Prices of the five commodities were included in all equations and

tested for the significance of their influence on quantity. The sign on

the direct price coefficient in each equation was expected to be positive

in the supply equations and negative in the demand equations. Prices of

related commodities in the supply equations were expected to have negative

coefficients for substitutes and positive coefficients for complements.

Two possible complementary relationships were expected: that between

cassava and yams (being the most and least preferred staples,
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respectively, they are expected to be complements in consumption in farm

households); and that between yams and kape, which have a complementary

relationship in production. Prices of related commodities in demand

equations would exhibit the expected positive coefficients if the

relationship were competitive, and negative coefficients if the

relationship were complementary. Lack of significance of related price

variables in any of the equations led to their omission as a means of

improving the chances of satisfying the order condition for estimation of

simultaneous equations.

Present and past direct and related prices were considered for

inclusion in the supply equations of the model to reflect the lags in

response in market supply brought about by the length of the production

cycles of the crops (between three and nine months). Price expectations

were also taken into consideration by the inclusion of a lagged dependent

variable in the estimated equations. The inclusion of lagged endogenous

price and quantity variables should again enhance the ability to satisfy

the order condition because they are predetermined variables. Present

prices only were considered for the demand equations.

Exogenous variables: supply equations. Seven categories of exogenous

variables were considered for inclusion in the supply equations: prices

of substitute crops; export prices of root crops; pests and diseases;

climate; marketing and production costs; technology; and lagged

remittances. Three of these were discarded because of a lack of data,

viz. pests and diseases, marketing and production costs and technologies.

(a) Prices of substitute crops.

Prices of the two main substitute crops were tested in the

estimated equations for their relevance in explaining variations in

quantities of root crops supplied to the market. These were for bananas

and copra. These crops have medium- and long-term production cycles

respectively, and hence planting decisions are unlikely to alter levels of

root crop supplies in the three-year study period. However, producers can

vary the intensity of input use (chiefly labour inputs) in husbandry and

harvesting of these crops relative to root crops, thereby influencing

their relative supplies.
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A number of different forms of direct price-quantity relationships

were considered for testing. The choice of functional form was to be made

according to statistical criteria. Apart from a simple linear

relationship, log-linear, quadratic polynomial and cubic polynomial

functions were also fitted and evaluated. The latter two were considered

to test for varying influences at different price levels of suppliers with

different motives for selling in the market.

There is a potential problem in the estimation of a set of

equations that includes endogenous explanatory variables that are linear

in parameters but nonlinear in variables. This would be the situation

with the inclusion of root crop prices as polynomials, as foreshadowed

above. Because root crop prices are endogenous to the system, the

nonlinear components, P
2 

and P
3
, are also endogenous variables. Thus,

there are new endogenous variables without any additional equations in the

system. Estimation using a 2SLS method can be successfully undertaken if
2	 3

the new endogenous variables, P and P , are defined in terms of P in

an incomplete system. The consistency properties of 2SLS will hold for an

incomplete system (Rubin and Chernoff 1952). They do not hold for

full-information methods such as the full-information maximum likelihood

(FIML) estimator, because FIML estimation requires the joint probability

distribution of all the variables in the system (Klein 1974, p. 203). No

such problem exists, however, for the other main full-information method,

3SLS.

(b)	 Root crop export prices.

Export prices of root crops were also considered for inclusion in

estimated supply equations. The ratios of export to domestic supplies in

the period 1982-84 are presented in Table 6.4. Exports are generally less

than levels of domestic market throughput and only for taro did export

volume exceed domestic supply. They are nevertheless a significant

proportion for kape and yams. The export prices of these three

commodities were therefore included while those for cassava and kumara

were not considered. The rationale for the inclusion of the export prices

of taro, yams and kape is that suppliers of these commodities face a

choice of markets and are expected to direct supplies between export and

domestic markets as the relative prices change.
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Table 6.4

Domestic (Talamahu) and Export Market Throughput of Root Crops: 

Average 1982-84 

Ratio of exports

Commodity
	 Exports	 Domestic	 to domestic

(t)
	

(t)
	

throughput

Yams 87 171 0.51

Kumara 844

Taro 591 473 1.25

Cassava 95 695 0.14

Kape 42 43 0.98
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(c) Pests and diseases.

While three of the five crops - yams, cassava and kape are

generally quite free of problems of pests and diseases in the South

Pacific, the other two crops - taro and kumara - have been susceptible to

such problems. As mentioned in Section 6.2.3, taro production in the

South Pacific has suffered on occasions from diseases. These pests and

diseases, however, seem to be a minor issue in Tonga (Weber and Saafi

1980). Outbreaks of scab disease in kumara have been a problem in Tonga

in the past (MAFF 1981; Thaman 1983). There is no evidence, however,

that any major outbreaks occurred during the study period as successful

control procedures from dipping tuber seeds and cuttings and the breeding

of varietal resistance helped to prevent further major spread of the

disease of the magnitude that occurred in 1979.

(d) Climate.

Three approaches were adopted to attempt to capture the complex

climatic influences on root crop production. First, average rainfall

data for Tongatapu were included as an explanatory variable. Because

rainfall during the month of market supply alone is unlikely to reflect

the effects of water on yields, various forms of lags were tested, based

on the hypothesised water-yield relationship for each crop.

A second approach was to include seasonal dummies to account for

variations in climatic effects over the year. The year was divided into

four quarters and three seasonal dummy variables were placed on the

intercept terms with the first quarter of each year (January to March) as

the base. Seasonality is most likely to be present in the production of

yams but is likely to affect all crops to some extent because of the wide

(for a tropical country) variations in temperature throughout the year.

A third group of climatic variables included some block dummies to

take account of any unusual influences on root crop supply to the

domestic market of 'Hurricane Isaac' during 1982. Rathey and Tu'ifua

(1983) reported that there were substantial replantings of the short-term

crop, kumara (an emergency crop) in the aftermath of the cyclone. Taro,

on the other hand, was little affected in this hurricane. There was

expected to be a shortage of cassava and yams in the post-hurricane

months because of crop damage in the hurricane. Cassava develops a
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bitter taste in the roots with damage, making it difficult to market. In

the case of yams, there were bad weather conditions prior to the

hurricane, which adversely affected the quality of planting material and

growing conditions.

(e) Prices of production and marketing inputs.

As stated earlier, a high proportion of vendors in Talamahu market

are members of the family producing the commodities for sale. It is

impossible to obtain monthly time series data on the costs of preparing,

transporting and selling agricultural produce in the market during the

study period. Consequently, no attempt was made to capture the effects

on supply of changes in marketing input prices.

A similar situation prevails for production costs. Fortunately,

there are unlikely to be any marked effects of variations in input prices

on production because purchased inputs are not much used in root crop

production. There is consequently little risk of specification bias by

omitting these explanatory variables.

(f) Marketing and production technology.

Given the short period of study (three years) and the simple

technologies adopted by both root crop producers and market participants,

it was not considered necessary to attempt to model the effects of any

technological changes on market supply. In any event, no data on

technological changes are available. The only possibility was to include

a time trend variable as a proxy. It was dismissed because of the length

of the study period and because it would be difficult to conclude that

technological change was the sole cause of any trend that was detected.

(g) Remittances.

Some commentators (e.g. Watters 1984) have observed that the

nature of economic activity in many South Pacific countries is influenced

by the extent to which they rely for increasing purchasing power on

remittances from nationals residing in developed countries. Remittances

are indeed a major source of funds to many families in Tonga,

particularly from New Zealand, Australia and USA. It can be

hypothesised, therefore, that the motivation of sellers - particularly
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target income suppliers - of root crops may be influenced by the amount

of remittances currently or recently received. Any such causal

relationship between remittances and supply may be instantaneous (i.e.

within the same observation period of one month in this study) or

lagged. The lag could be for any period up to the time when the planting

decision is made. Because there is no a priori reason to choose any

particular length of lag, statistical criteria were used to decide on the

appropriate lag length (if any) in response to changes in the level of

remittances.

Exogenous variables: demand equations. Five categories of exogenous

explanatory variables were considered for inclusion in the estimated

demand equations: prices of related products, demographic factors,

income, cyclone effects and seasonal dummy variables for festive

occasions. Variables in only one of these categories - demographic

variables - were omitted because of a lack of monthly data during the

study period.

(a)	 Prices of related products.

Two types of related products were tested for significance in this

category of demand shifters: locally-produced staple foods (bananas and

breadfruit) and imported staple foods (rice and flour). Bananas

re-emerged as a major export crop during the study period and local

prices are now overwhelmingly dictated by export prices. Hence, it was

decided against including this crop as an endogenous variable in the

estimated models even though its production and consumption domestically

is closely related to that for root crops. For instance, by the last

quarter of 1984 the ratio of bananas destined for the domestic market

relative to those destined for the export market had declined to only

0.105. Breadfruit is a staple item that is very seasonal in nature, with

fruit available mainly in the first six months of the year, peaking in

the period March to May (Rathey and Tu'ifua 1983, p. 31). During the

very short yet abundant fruiting season, prices of breadfruit fall

dramatically. Hence, there was expected to be a switch, for a few weeks

only, away from the consumption of root crops during the breadfruit

season. A breadfruit price variable was therefore included as an

explanatory variable.
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The role of rice as a substitute for root crops in the diets of

consumers has received attention in most South Pacific countries (Ward

and Hau'ofa 1980, pp. 40-1). Little attempt has been made to establish

the nature of the demand relationships between root crops and rice

although it has been widely assumed that they are competitive. Shaw

(1983, p. 31) argued that high wastage and marketing costs make root

crops relatively more expensive than cereals such as rice in South

Pacific countries. Harris (1984, p. 73) posited that the relative

cheapness of imported rice to local staples in PNG has encouraged the

substitution of rice for local staples in the diets of urban consumers.

The substitution of bread (flour) for root crops in consumer diets has

also been of concern. It may also be a significant competitor although,

as in the case of rice, there is no empirical evidence of root

crops-bread (flour) demand interrelationships. The prices of bread and

rice were both included in the estimated model.

(b) Demographic factors.

Three demographic factors were considered for inclusion in the

estimated model: population changes, variations in the number of

tourists and changes in levels of education of the urban population. Of

these factors, only changes in tourist arrivals are likely to have an

impact on urban consumption of foodstuffs in a study period of three

years. Furthermore, the only one of these variables for which monthly

data are available is tourists (measured as number of tourist-days spent

in Tonga). Hence, while changes in population (numbers, age categories

and rural-urban mix) might be an important long-term determinant of food

consumption levels and patterns, they are not considered important enough

to affect model results in this study. The same argument would hold when

considering a variable that reflects changes in educational standards.

(c) Income.

The influence of income as a shifter of urban demand for root

crops derives from changes in business profits and wage levels in the

government and private sectors, and from changes in the level of

remittances from abroad. Because there are no reliable figures on total

profits and wages on a monthly basis, it was only possible to include

remittances as an explanatory variable. Even here, it was not possible

to distinguish remittances to urban dwellers from those to the rural
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population. Hence, it is unlikely that income effects on demand would be

adequately captured in the model to be estimated. These effects,

however, are most probably minor given the existing evidence of low

income elasticities of demand for root crops (Lai 1984; Kingston, Fleming

and Antony 1986). Furthermore, income levels are unlikely to vary

greatly over the three years of the study period (although this is not

true for remittances). Income is expected to be a more important

variable in demand models in which cross-sectional data are used.

(d) Cyclone effects.

While 'Hurricane Isaac' had its most obvious effects on the supply

side of the fresh produce marketing system, it is conceivable that there

might also have been demand side-effects. Not all rural households are

capable of producing yams which require more fertile soils than other

root crops. Such households customarily enter the fresh produce market

as buyer-sellers: buying yams by selling root crops, bananas and other

crops. If their crops were damaged in the cyclone, they may not have had

surplus crops to exchange for yams and would have been forced to retire

from the market in their role as buyers of yams. The same happening

could have applied to other buyer-sellers such as fishermen whose

activities were disrupted by the cyclone. Further, in the aftermath of

the cyclone, urban consumers are likely to have attempted to secure

access to their favourite root crop - yams. Much of the crop suffered

from wind damage during the cyclone, leading to substantial reduced

market supply. The best way for urban consumers to ensure their supplies

of yams would have been to withdraw from the disrupted urban market and

to rely temporarily on their rural relations.

(e) Inventory response.

The common practice of semi-subsistence root crop producers of

varying harvesting dates of their crops has implications for modelling

supply response. It would be desirable to model the dynamics of decision

making in harvesting by producers, reflected in inventory response over

time. This modelling approach is regularly applied to problems of

livestock response (e.g. Reynolds and Gardiner 1980) and where an

agricultural commodity can be easily stored for long periods (e.g.

Alaouze, Sturgess and Watson 1978). Information would have been needed,

for each month of the study period, on the areas planted to each of the
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five root crops as well as the ages of the crops. Such information was

not available and therefore it was not possible to include an inventory

response component in the model.

6.3.5 Data

As mentioned previously, all prices and quantity data on root

crops for the 36 observation periods of the study (1982-84) were obtained

from MAFF Planning Unit (1984). This was also the source of data on

three other exogenous variables: price of bananas, price of copra and

price of breadfruit. Root crop export prices were extracted from the

periodic publications of the Statistics Department (Statistics Department

1984). Unfortunately, these were only available on a quarterly basis, so

the monthly observations used were in effect three-month averages. The

prices of rice and bread during the study period were obtained from the

records of Burns Philp, the largest retail store in Nuku'alofa.

Records of monthly rainfall on Tongatapu were obtained from the

records of the Meteorological Division of the Department of Telegraphs

and Telephones. These rainfall figures were estimated as mean daily

readings taken at a number of sites by the Meteorological Division,

summed to monthly totals and averaged over sites. Other climatic

variables were all included as 0-1 dummies.

The remaining two explanatory variables included in the estimated

models were tourist-days spent in Tonga per month and remittances.

Tourist-days were estimated by multiplying the number of tourist visits

by the average length of stay per tourist. These figures are compiled by

Tonga Visitors Bureau (1984). Monthly remittances data were extracted

from records kept by the Bank of Tonga.

6.3.6 Results 

Choice of model. Two sets of results are reported in Appendix 3, one set

for the 2SLS estimates and the other for 3SLS estimates. There is not a

great deal of difference between the two models in terms of the

significance of those variables which explain changes in the quantities

of root crops in Talamahu market. Quite a few of the coefficients in the

3SLS model, however, are higher than the corresponding coefficients in

the 2SLS model.
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In order to select the most suitable stage of least squares

estimation, three criteria were used. First, the Breusch-Pagan Lagrangian

statistic was used to ascertain whether the presence of contemporaneous

correlation among equations in the models justified the move from 2SLS to

3SLS. The second criterion considered was a comparison of significance

levels of coefficients of the explanatory variables in the ten estimated

equations. Provided that the model has been correctly specified, 3SLS

results should be more efficient than model results obtained using 2SLS

when some equations in the model are over-identified. Third, the model

results were examined for stability when using 3SLS. Because the 3SLS

estimator is sensitive to model mis-specification, it is necessary to be

able to include not only all relevant predetermined variables in the model

but also to specify in which equations in the model they should be

included (Pindyck and Rubinfeld 1976, p. 287).

The results of the Breusch-Pagan test proved inconclusive. Using

the x
2 
distribution for 45 degrees of freedom, P(X

2
 > 57.5) at ten per

cent significance level and P(X
2
 > 65.35) at five per cent significance

level. The estimated value of the Lagrangian statistic was 64.6 and hence

lay between the critical values at the five and ten per cent significance

levels. The inconclusive nature of this result could mean two things.

First, it is possible that there is considerable contemporaneous

correlation among the disturbance terms in the five demand equations while

being negligible among disturbances in the supply equations (or vice

versa). Second, the result may indicate that there is not very strong

contemporaneous correlation among all disturbance terms in the model.

As would be expected, 3SLS proved a slightly more efficient

estimation procedure, based on the reduction in standard errors for all

explanatory variables in the model. These reductions did not necessarily

translate into higher t values, however, because of instability in results

obtained using 3SLS estimation. An inability to estimate all equations in

the model according to a priori knowledge of the system appears to have

introduced some mis-specification of the model. Hence, a simple change in

the specification of one equation can cause substantial changes in the

results of other equations in the model.
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The degree of mis-specification does not appear to be great.

However, the instability it causes is sufficient to sway assessment of the

two estimators in favour of 2SLS, given the inconclusive evidence on

contemporaneous correlation provided by the Lagrangian test. The presence

of instability is illustrated in Appendix 3. The cyclone dummy variable

is omitted from the taro supply equation in Appendix 3.4 but added in

Appendix 3.3. Its coefficient was insignificant in the 2SLS model and

there are only slight grounds for believing that the cyclone would

adversely affect taro output. The variable exhibits the expected negative

sign and is significantly less than zero at the ten per cent level in the

3SLS model. Appendix 3.4, however, includes the price risk variables in

the taro and cassava supply equations. These changes have a substantial

effect on results in other equations even though there has been no change

in the specification of those equations.

Explanatory power of equations. A summary of results for the 2SLS model

is presented in Table 6.5 with a glossary of notations of explanatory

variables provided in Table 6.6. The explanatory power of equations in
2

the model was assessed on the basis of R values. Four interpretations

of R2 are reported for each equation in Appendix 3: simple R 2 , R2,
2	 2

Barten's R and R between observed and predicted values. There are no
2

great discrepancies between these four values in any equation, with R

between observed and predicted values and R 2 usually a few

percentage points greater than R2 and Barten's R
2
. It was considered

2
that R between observed and predicted values would provide a suitable

measure for assessment of explanatory power. Accordingly, this is the

measure reported in Table 6.5 and, henceforth, will be the sole measure

used in the discussion.

The proportion of variation in the dependent variables explained

differs considerably among the ten equations. In general, explanatory

power is greater in the supply equations than in the demand equations.

Values of R2 range from 0.55 for kumara to 0.87 for taro in the supply

equations, and from 0.45 for kape to 0.82 for taro in the demand equations

(see Table 6.5). The only result of concern is the demand equation for

kape where just under half of the variation in quantity of kape demanded

is explained by the estimated equation. The poor specification of this
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Table 6.5

Results of Supply and Demand Equations for Root Crops 

in Talamahu Market 

(la)	 Taro Supply

Intercept	 PT PTSQ PM PTX LR1 CYCL912 DIII

220.0t	 -8.47t
(5.23)	 (-4.46)

0.05**
(2.29)

R2 = 0.87

6.19t
(5.05)

-1.40**
(-2.35)

d = 2.11

-0.03*
(-1.53)

20.26*
(1.44)

-11.98*
(-1.69)

(lb)	 Taro Demand

Intercept	 PT PM PB

109.201	 -5.511
(8.87)	 (-9.61)

5.86t
(5.43)

R2 = 0.82

0.97*
(1.72)

d = 2.42

(2a)	 Cassava Supply

Intercept	 PM PMSQ WLAG4 DI DII CYCL

81.53t -3.69t 0.09** 0.08** 29.28t 41.08t -21.75t
(5.38) (-2.77) (2.26) (2.16) (4.33) (6.51) (-2.81)

R2 = 0.78
	

d = 2.10

(2b) Cassava Demand

Intercept	 PM	 PK	 PR	 PB

845.54t	 -7.91t	 3.90t	 -17.39t	 2.29t
(3.37)	 (-6.78)	 (4.27)	 (-3.27)	 (3.38)

R2 = 0.59	 d = 1.44
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Table 6.5 continued

(3a) Yams Supply

Intercept	 PY	 PYSQ	 DI	 DII	 CYCL

52.96 t -0.56* 0.002* 5.54* 11.58t -11.10t
(3.49) (-1.85) (1.53) (1.61) (4.43) (-3.06)

R2 = 0.76	 d = 1.61

(3b) Yams Demand

Intercept	 PY PM PA PR PK PB CYCL

322.03**	 -0.20* -1.67** 0.58 -6.19** 0.64 0.25 -12.53*
(2.48)	 (-1.83) (-2.67) (1.17) (-2.35) (1.31) (0.47) (-1.75)

R2 = 0.61 d = 2.43

(4a)	 Kape Supply

Intercept	 PA PASQ DIII CYCL912

-4.50 0.49* -0.01** 7.761- 7.601
(-1.05) (1.74) (-2.23) (6.46) (4.75)

R2 = 0.81	 d = 2.46

(4b) Kape Demand

Intercept	 PA	 PY	 PK	 PT

2.74 0.06 0.11** 0.46t -0.72t
(0.90) (0.24) (2.51) (2.93) (-4.77)

R2 = 0.45
	

d = 1.47
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Table 6.5 continued

(5a) Kumara Supply

Intercept	 PK	 PKSQ	 LY7	 PM	 CYCL

-34.40	 4.62	 -0.11*	 -0.15*	 4.86f	 48.82f
(-0.48)	 (1.25)	 (-1.78)	 (-1.49)	 (3.35)	 (3.18)

R2 = 0.55	 d = 2.06

(5b) Kumara Demand

Intercept	 PK	 PM	 PR	 TOUR

-1432.7t	 -7.28t	 11.02t	 31.251	 0.01t
(-3.93)	 (-5.63)	 (6.46)	 (4.09)	 (3.38)

R2 = 0.58	 d = 1.56

t Significant at one per cent level.

** Significant at five per cent level.

* Significant at ten per cent level.

Figures in parentheses are t values.
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Table 6.6

Glossary of Notations of Explanatory Variables in

Estimated Root Crops Model 

Notation	 Explanatory Variables

PT	 Price of taro

PM	 Price of cassava

PY	 Price of yams

PA	 Price of kape

PK	 Price of kumara

PTSQ	 Square of price of taro

PMSQ	 Square of price of cassava

PYSQ	 Square of price of yams

PASQ	 Square of price of kape

PKSQ	 Square of price of kumara

PTX	 Export price of taro

PB	 Price of bananas

PR	 Price of rice

LR1	 Remittances lagged one period

CYCL	 Dummy for 'Hurricane Isaac'

CYCL912	 Dummy for replanting effects of 'Hurricane Isaac'

DI	 Seasonal dummy for second quarter

DII	 Seasonal dummy for third quarter

DIII	 Seasonal dummy for fourth quarter

WLAG4	 Rainfall lagged four periods

LY7	 Price of yams lagged seven periods

TOUR	 Tourists
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equation is largely attributable to the failure of the own price variable

significantly to influence quantity demanded. This matter is taken up

below when individual explanatory variables are analysed.

Significance of explanatory variables. Significance levels of each

explanatory variable are shown in Table 6.5. The figures in parentheses

are t values. As a general rule, only those variables with coefficients

that are significant at ten per cent or lower have been included in the

ten equations estimated in the model. Where there was no doubt about the

expected sign of the coefficient, a one-tail t test was used for deciding

whether to include a particular variable. Where doubt existed on the

sign, a two-tail test was applied in testing for significance. Two-tail

tests were used for all related price variables in the supply and demand

equations and for own price variables in the kape and kumara supply

equations. Some exceptions to the general rule on inclusion of variables

were made under two circumstances. The first exception involved the

inclusion of a particular variable that improved the explanatory power of

the model even though the significance level of the coefficient of that

variable was greater than ten per cent. Second, as in the case of the

demand equation for kape and the supply equation for kumara, the own price

variable was included despite the lack of significance in its effect on

quantity.

Autocorrelation. The existence of autocorrelation can only be checked in

2SLS estimation. The Durbin-Watson statistics are reported in Table 6.6.

In none of the ten equations was there clear evidence of autocorrelation

at five per cent level of significance. In all but one equation, the

Durbin-Watson test was inconclusive although all values lay comfortably

above critical d
L
 values and in most cases, close to d values.

U
Comparing statistics against critical d values at one per cent level of

significance, seven of the ten equations were clear of autocorrelation and

the other three equations lay narrowly below the critical level in the

zone of ignorance. In 3SLS estimation, it was assumed that no

autocorrelation exists.

Multicollinearity. The concern with multicollinearity in the model arises

from the anticipated linear association among the five root crop price
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variables. If the square of the simple correlation coefficient between

the values of any two price variables is close to unity, the separate

effects of each price variable on quantities supplied or demanded may be

concealed in the estimated equations. This outcome was expected to arise

if some of the price variables exhibit hardly any independent fluctuation.

A number of different methods can be used to detect the presence

and severity of multicollinearity, none of them without defects (Judge et

al. 1982, pp. 620-1). The simplest method is to examine correlations

among regressors suspected of being collinear. The picture that emerges

in Table 6.7 clearly shows that, while some positive correlation exists

between most prices, in no case is the correlation coefficient high enough

to suspect that there might be multicollinearity in the estimated

equations. Judge et al. (1982, p. 620) suggested correlation coefficients

greater than 0.8 or 0.9 have commonly been regarded as warranting

investigation for multicollinearity.

Omitted variables: supply equations. Apart from those explanatory

variables discarded because of a lack of data, there were some variables

that were found to be insignificant in explaining market supply of root

crops. First, current prices of all substitute root crops except one

(cassava in the taro and kumara supply equations) and other substitute

crops were insignificant explanators in the five supply equations. This

was a surprising finding and may reflect an inability to capture the

functional relationship between the supply of a particular root crop and

prices of alternative root crops. The difficulty in capturing this

relationship could derive from the dynamics of planting and harvesting

decisions by producers. Where producers are growing a number of different

crops of varying lengths of maturity, the problem of decision making

becomes a complex one similar to that facing portfolio investors. The

correlates between quantity supplied and prices of alternative crops for

different lengths of lags revealed a consistent pattern, as demonstrated

in Figure 6.2 for quantity of yams and price of taro. Numerous forms of

lags might be fitted to capture this relationship. In particular, a

useful line of further investigation to pursue might be the fitting of

harmonic lags, using trigonometric approximations (Hamlen and Hamlen

1978). Because of the shortage of degrees of freedom that would have
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Table 6.7

Simple Correlation Coefficients Among Root Crop Prices 

PT PM PY PA

PT

PM .44

PY .12 .41

PA .23 -.03 .32

PK .31 .53 -.26 .20
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'CCF - CORRELATES
	

QT(T) AND	 PY(T+K)

- 1.0 -0.8 -0.6 -0.4 -0.2	 0.0	 0.2	 0.4	 0.6	 0.3	 1.0
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-15	 0.065	 XXX
- 14	 0.058	 XX

	

-13	 0.067	 XXX
- 12	 0.065	 XXX
-11	 0.040	 XX

	

-10	 -0.029	 XX

	

-9 -0.182	 XXXXXX

	

-8 -0.343	 XXXXXXXXXX

	

-7 -0.460	 XXXXXXXXXXXX

	

-6 -0.547	 XXXXXXXXXXXXXXX

	

-5 -0.591	 XXXXXXXXXXXXXXXX

	

-4 -0.543	 XXXXXXXXXXXXXXX

	

-0.412	 XXXXXXXXXXX

	

-2 -0.263	 XXXXXXXX

	

-1	 -0.123	 XXXX

	

0	 0.002	 X

CCF - CORRELATES
	

QT(T) AND	 PH(T+K)

	-1.0 -0.8 -0.6 -0.4 -0.2	 0.0	 0.2	 0.4	 0.6	 0.8	 1.0

	

-16	 -0.060	 XX
	-15	 -0.026	 XX
	-14	 -0.003	 X

	

-13	 0.010	 X

	

-12	 0.002	 X

	

-11	 -0.025	 XX

	

-10	 -0.091	 XXX
	-9 -0.176	 XXXXX
	-8 -0.225	 XXXXXXX
	-7 -0.206	 XXXXXXXXX

- 6 -0.293	 XXXXXXXX
	-0.231	 XXXXXXXX

-4 -0,227	 XXXXXXX
-3 -0.18?,	XXXXXX
- -P. 21	 acxYv 

- 1 -0.066	 XXX
0	 -0.006	 X

Figure 6.2 Correlates of taro quantity and lagged prices of yams and
cassava.
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ensued, it was impractical to attempt to model any lagged responses in

this study other than the use of Nerlovian models. The inclusion of the

lagged dependent variable, however, did not add to the explanatory power

of any supply equation and generally led to inferior results.

A second area of difficulty in the estimation of supply response

was in gauging the effects of production decisions on supply response.

Again, there were problems with demands made upon degrees of freedom given

that supply can lag production decisions by up to ten periods. It was

possible, however, to obtain data on prices for the nine-month period

preceding the study period. Correlates were constructed between quantity

supplied and lagged own prices for each root crop to determine whether the

expected significant effects of price on production decisions could be

traced through to quantity supplied. No such effects were discerned for

any crop. This result is supportive of Brookfield's (1969) contention

that predominantly subsistence producers aim for the generation of a

'normal surplus'.

Third, export prices for two of the three major root crops

exported - yams and kape - were found to be insignificant explanators of

quantities of root crops supplied to the domestic market. This result

might be explained by the fact that export prices are only available on a

quarterly basis; hence, the export price variable could only be included

approximately as a three-period average. This obviously is not

necessarily the best measure of the export price producers expect to

receive.

Other explanatory variables were included in at least one of the

estimated supply equations. They were not, however, present in all five

equations.

Omitted variables: demand equations. Three explanatory variables

considered for inclusion in all demand equations were not significant

factors in any equation. Two of these were prices of related products -

bread and breadfruit. In the latter case, a contributing cause of the

lack of significance was thought to be the short period in the year during

which the product is a potential substitute for root crops. In order to
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concentrate on the period of greatest availability (when prices are

relatively low), a dummy variable was included for the period when supply

is low or negligible. Even in this case, however, no significant effects

were observed of changes in the price of breadfruit on quantities of root

crops demanded.

The third variable for which no significant demand response was

observed is remittances. As foreshadowed earlier, the inability to

quantify levels of remittances going specifically to urban residents may

have reduced the explanatory power of this variable. Much also depends on

the income elasticity of demand for root crops. If, as suspected, these

are close to zero, a lack of significance of the remittance variable is

unsurprising.

Results of supply equations: supply response to price. There are two

main features of the response to price changes of root crops suppliers to

Talamahu market. The first of these features follows from the choice of

quadratic polynomials as the best-fitting functional forms of

price-quantity relationships. Response changes from negative to positive

as price changes, although these changes differ among crops. For the

three major crops - taro, yams and cassava - response to price is negative

at low prices and positive at high prices. These results are in

accordance with the hypothesis set to test for the presence of both target

income and profit-oriented suppliers in the market.

For the other two crops - kape and kumara - the opposite effect

occurs. At low prices, response to price is positive whereas it is

negative at high prices. These two results are not in accordance with the

null hypothesis set as the shapes of the supply arcs are opposite to that

dictated in the hypothesis. There are two alternative explanations for

this result. First, during the study period, difficulties were

experienced by producers in obtaining planting material for the production

of kumara and kape (S. Sefanaia, personal communication, 1986).

Consequently, by the time prices reached high levels, shortages in

planting material might have brought about reduced plantings of these

crops and led to reductions in the market supply. Second, as root crop

prices increase, some farm-households which produce a mix of root crops
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might retain more kape and kumara for their own consumption, thus enabling

them to increase sales of the other three root crops in the market. Of

these other three crops, taro and yams have the highest value, and are

therefore the most remunerative of root crops, while cassava is a

complement of yams in household consumption and supply and a complement in

the supply of taro (see below). In the case of kumara, the significant

level of acceptance of PK is high - approximately 23 per cent. Caution is

therefore required in the interpretation of supply response for this crop.

It is most unlikely that the concave arc-shaped function of kape

and kumara would counterbalance the convex arc-shaped functions of taro,

cassava and yams in aggregate root crops supply. This is because of the

overwhelming importance of the latter three crops in both market

throughput and farm household consumption. During the study period, the

value of market throughput of taro, cassava and yams was twice that of

kumara and kape, the latter being the least important of the five crops.

Abnormal weather conditions in 1982 are likely to have boosted the market

share of kumara, so even this difference in relative importance is likely

to be understated. The importance of taro, cassava and yams in rural

household production and consumption is even more dominant. Dutta Roy

(1980, p. 21), for instance, estimated annual household consumption of

kumara to be only one per cent of total root crop consumption in rural

Tongatapu. This percentage estimate is unrealistically low because of the

high incidence of fungal disease afflicting kumara at the time of the

survey (Thaman 1983, p. 21). It nevertheless demonstrates the relative

unimportance of the crop in rural consumption. For root crops as a whole,

then, a convex arc-shaped supply function is the most likely result.

The second important feature is the variations in supply

elasticities as prices change. Of particular interest are the increases

in price elasticities of supply response for taro, cassava and yams. Some

arbitrarily-selected point estimates of supply elasticities are presented

in Table 6.8. The sets of estimates chosen cover at least the range of

prices experienced during the study period and include a figure that is

close to the mean price for the period.
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Table 6.8

Point Estimates of Price Elasticity of Supply of Root Crops 

to Talamahu Market 

Taro Price (c/kg) 15 3 5a35 55 75 95

Elasticity -0.89 -0.72 -0.49 -0.15 0.38

Cassava Price (c/kg) 4 1 5a15 20 25 40

Elasticity -0.13 -0.22 -0.05 0.25 1.33

Yams Price (c/kg) 50 100a 150 175 200

Elasticity -0.74 -1.75 -0.17 2.18 3.52

Kape Price (c/kg) 10 20 30a30 40 50

Elasticity 0.44 0.27 -0.21 -1.29 -5.09

Kumara Price (c/kg) 10 20 30
a

40 50

Elasticity 0.21 0.03 -0.50 -1.89 -9.01

a	
Approximate to mean price.



212

Price elasticities of supply of taro are less than unity for all

price levels experienced during the study period. They are highest - and,

as hypothesised, negative - at prices below the mean (about 35c/kg). The

most notable feature is the level of price at which the supply function

would switch to a positive slope (about 80c/kg). This price level is

substantially above the maximum price at which taro was sold in the market

during 1980-82. It is apparent, therefore, that for taro the influence of

target income suppliers predominates over that of marginalists and

profit-oriented suppliers to the market at all normal prices.

Elasticities for cassava and yams follow a similar pattern to each

other. Initially, they are negative (indicating perverse supply response)

and increase as prices are raised from low levels towards their means

(about 15c/kg and 100c/kg, respectively). Suppliers then become less

responsive in a perverse manner as price levels increase, switching to

positive values well before maximum prices are reached. Once positive

elasticities are attained, supply response very quickly becomes elastic as

prices increase. At maximum prices, elasticities are 1.33 for cassava and

3.52 for yams.

The seemingly greater dominance of target income supply behaviour

among taro producers may be explained by the greater export opportunities

for taro. A high proportion of profit-oriented taro suppliers may be

committed to supplying the export market while diverting some supplies to

the domestic market at the margin as the export price alters relative to

the domestic price. The domestic market may therefore be primarily the

domain of the categories of suppliers other than those with a profit

orientation and, in particular, target income suppliers.

For kape and kumara, supply response is positive and inelastic at

prices below means (about 30c/kg) for the study period. At prices above

the means, elasticities become negative and elastic.

A final point of interest is that the point elasticities of supply

at mean prices are all negative. This indicates that the influence of

target income suppliers was greater than that of other categories of

suppliers at average price levels during the study period.
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Results of supply equations: shifters. The relevance of supply shifters

differs significantly between the five root crop supply equations. Rather

than report these differences for each equation, the supply shifters will

be analysed in terms of their contribution to the explanation of changes

in quantities supplied for the model as a whole.

(a) Prices of substitute crops.

As reported above, only one current price variable for substitute

root crops was found to be significant in explaining supply, and then in

an unexpected way. The price of cassava positively influences the

quantity of both taro and kumara supplied to the market, indicating

complementary relationships in supply between cassava and the two crops.

Although there were no distributed lagged price variables of substitute

crops warranting inclusion in the model, there was one included variable

that was lagged for a specific period to correspond with the time of

planting of alternative crops. This variable was the price of a

substitute crop, yams, lagged seven months which was a significant

explanator in the kumara supply equation.

(b) Root crop export prices.

Only one export price proved to be significant in explaining the

domestic supply of root crops. This was, as expected, the export price of

taro which negatively influences the supply of taro to Talamahu market.

Increases (decreases) in export prices cause supplies of taro to be

diverted to (from) the export market.

The failure of other export prices significantly to influence

domestic root crops supply might be attributable to the difficulties in

quantifying the variable. In the case of taro supply where export market

operations were expected to exert a strong influence on the domestic

market, such a variable proved adequate. This was not so for the other

variables and it remains unknown whether the lack of significant

relationships between export prices and domestic supplies was due to

inadequate specification of the price variables or whether it indeed

reflects the true situation, where there are few profit-oriented suppliers
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who regularly switch supplies between the domestic and export markets as

relative prices change.

(c)	 Climate.

Climatic variables were included in all supply equations. First,

rainfall proved to influence supply of cassava, presumably through effect

on yields. The significant variable was the amount of rainfall lagged

four months, in the middle of the growing season for the crop. It was,

however, the only significant rainfall-supply relationship that was found

to exist, a disappointing result. Correlates between rainfall lagged

throughout the growing season and supply were constructed for all root

crops, with the only significant relationship being that mentioned above

for cassava supply. One is again left to ponder whether there has been a

failure adequately to specify the complex relationship between climate and

yield, whether climate is not an important factor in influencing yields,

or that yields are not major determinants of supply. The former

explanation is the more likely and rainfall alone is probably an

inadequate proxy for the various climatic effects that influence the

growth of root crops.

Greater success was achieved with the inclusion of seasonal dummies

to account for variations in rainfall, temperature and humidity over the

year. Only in the supply equation for kumara was there no seasonal dummy

of significance. As mentioned earlier, kumara production has become a

year-round activity on Tongatapu in recent years. Yams are generally

regarded as the root crop most sensitive to seasonal changes. This was

reflected with significant positive dummies on the second and third

quarters (April-September), the main production period for the crop. Some

seasonality was expected in taro supply as plantings tail off in the early

months of the year. The significantly negative coefficient on the

seasonal dummy variable for the fourth quarter was therefore to be

expected. Kape is grown mainly as an intercrop with yams but has a longer

production period. A positive fourth quarter dummy variable coefficient

is consistent with such a production pattern. Finally, positive

coefficients on the second and third quarter seasonal dummies were found

to exist for cassava. This is a similar outcome to that described above

for yams and was an expected result.
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The third climatic variable influencing supply was 'Cyclone Isaac'

early in the study period. Three cyclone dummies were included in the

estimated equations to take up the immediate effects of the cyclone, its

aftermath and the abnormal planting response that followed it. Supply of

all crops was influenced by 'Isaac'. In two cases, there was the expected

negative effect on cassava and yams in the months immediately following

the cyclone. On the other hand, there was a positive effect on supply of

kumara because of immediate replantings of short-term varieties. Taro and

kape supply remained largely unaffected during and immediately after the

cyclone. However, heavy replantings led to higher than normal supply

levels of these crops about nine months after the cyclone had struck.

(d)	 Lagged remittances.

The expected negative effect on supply of root crops of lagged

remittances failed to materialise to any great extent. Various forms of

lag were examined and only a one-period lag looked at all promising.

Furthermore, only in the taro equation was the coefficient of this

variable of expected sign (negative) and significantly different from

zero. As foreshadowed above in relation to the influences of remittances

on demand for root crops, this may be due to difficulties in quantifying

the variable (by distinguishing rural from urban remittances) rather than

a lack of effect of remittances on the willingness of producers to enter

the commercial market.

Results of demand equations: urban demand response to endogenous price 

variables. Price elasticities of demand for various root crops are

summarised in Table 6.9. It was mentioned above that the insignificance

of some elasticity estimates may be due to the problem of

multicollinearity among root crop price variables. The correlation

coefficients among root crop prices reported in Table 6.7 suggest,

however, that this is not the explanation.

An examination of the diagonal elements in Table 6.10 reveals that

the only insignificant coefficient of the own price variables was for

kape. In the other four estimates, direct price elasticities of demand

were significantly different from zero and of expected sign. Moreover,
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Table 6.9

Estimated Price Elasticities of Demand for Root Crops in

Talamahu Market 

Product Taro Cassava Yams Kape Kumara

Response to price of:

Taro

Cassava

Yams

Kape

Kumara

-5.16

2.50 -2.03

1.86

-1.75

-1.30

1.25

-6.62

2.83

3.58

2.42

-2.98

Not significant at 20 per cent level using two-tail test.
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all elasticities were greater than unity, reflecting the close

substitution among root crops in the fresh produce market. The price

elasticity of demand for taro is especially high (-5.16), demonstrating

the influence of the taro export market on price setting in the domestic

marketing system. The influence of consumer behaviour on price is limited

by the effect of export prices on domestic prices, causing low price

flexibility and, hence, high price elasticity of demand for taro.

Some interesting results can be observed by examining the estimates

of cross-price elasticity of demand. The significant estimates in the

taro, cassava and kumara demand equations reveal the expected competitive

relationships between crops. In the other two equations, however, two

complementary relationships exist. Cassava price has a negative effect on

the quantity of yams demanded. This result supports the hypothesis

mentioned above that yams and cassava are complements in demand. The

reverse relationship did not hold in that the price of yams does not

appear to affect negatively the consumption of cassava. A negative

coefficient was found to exist on the yam price variable when it was

included but the t value was not particularly high and so the variable was

excluded from the reported model. Cassava effects therefore seem to be

stronger in this relationship.

The second complementary relationship occurs in the kape demand

equation and cannot be adequately explained. While yams and kumara share

the expected competitive demand relationship with kape, taro would appear

to be a strong complement. Given the similar attributes of the two crops,

this result could not have been anticipated. One explanation considered

was that the prices of taro and kape are highly collinear, explaining the

lack of significance of the own price variable for kape. However, there

does not appear to be multicollinearity in the kape demand equation,

because the correlation coefficient between the two prices is only 0.23.

Lack of multicollinearity was given further credence by the continued lack

of significance of the own price variable after dropping the taro price

variable from the equation.

Results of demand equations: shifters. The prices of four related

products were included in the demand equations. Two of these variables -
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price of breadfruit and price of bread - were omitted from all equations.

The other two variables were included in a number of the demand

equations. First, the price of bananas proved to have a significant

influence on the demand for taro and cassava. In each case, the expected

competitive relationship emerged and the demand response was inelastic.

Second, the price of rice exerted a strong influence on three products,

cassava, yams and kumara. In the case of kumara, the relationship was, in

accordance with conventional wisdom, competitive. In the other two cases,

the relationship was complementary, with very high elasticities. These

results could be put down to a statistical quirk, especially given the

unrealistic elasticity estimates; yet they were robust and virtually

unaffected by alterations to the explanatory variables included in the

equation or the stage of least squares estimation. At least, this finding

calls for further research into the position of rice in the consumption

patterns of buyers of food in urban markets.

Urban demand for root crops can be summarised, as in Figure 6.3, by

a simplified series of four triangular relationships. Three represent

competitive relations, with one complementary association. The three

competitive triangles involve yams, kape, kumara, bananas, cassava and

taro - all indigenous staple food items in Tonga. Rice forms an integral

part of the complementary triangle with cassava and yams, themselves

natural complements.

There are two other results concerning the effects of demand

shifters. First, the unique case of the effect of 'Hurricane Isaac' on

urban demand for yams appears to have been confirmed. The cyclone dummy

had a negative effect on the demand for yams. Second, tourists appear to

have had a positive but inelastic influence on the demand for kumara in

urban markets. This influence was insignificant, however, in other demand

equations.

6.3.7 Conclusions 

Five principal conclusions can be drawn from the above results of

the analysis of supply and demand for root crops in Talamahu market.
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First, results are consistent with the premise that there are

different groups of suppliers operating in the market-place. This finding

conforms to the findings of Epstein (1982). Second, the influence of

these groups differs according to the levels of prices of root crops. For

each of the main three root crops produced in Tonga (taro, cassava and

yams), results indicate that the influence of target income suppliers is

greater than that of profit-oriented suppliers and marginalists at all but

high prices. When prices are high, the predominant influence of

profit-oriented suppliers seems to be reinforced by the entry of

marginalists into root crop trade.

Third, there is some evidence that producer households alter their

mix of consumption of root crops as the prices of root crops change. This

might account to some extent for the increasing supplies of taro, cassava

and yams onto the market as their prices increase, to be replaced by kape

and kumara in household diets.

Fourth, no evidence exists that production decisions are influenced

by price in that there is no causal relationship between prices lagged for

the length of the production cycle and levels of marketed surplus.

Finally, it is evident there is substantial substitutability and

some complementarity among root crops by consumers in South Pacific urban

fresh produce markets, if the results in this study reflect consumer

behaviour in other urban centres in the region.
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Chapter 7

DECOMPOSITION OF AGRICULTURAL EXPORT EARNINGS IN THE

SOUTH PACIFIC REGION

7.1 INTRODUCTION

The main purpose in this chapter is to ascertain whether

variability in earnings derived from agricultural exports is caused by

supply factors operating in the domestic agricultural marketing and

production systems or by exogenously-determined export demand factors.

In Chapter 2, an attempt was made to measure the impact of export price

instability and variability of export market throughput on agricultural

marketing performance. Results for both variables were disappointing.

There appeared to be no causal relationship between performance on one

hand and export price instability and variability in agricultural export

market throughput on the other. It was concluded that this could be due

to difficulties in specifying appropriately the functional relationships

between the variables involved.

In order to pursue investigations of the likely impacts on

performance of the two factors further, it is necessary, first, to

evaluate the relative importance of supply and demand shifts in

contributing to market instability. Attention is focused on agricultural

export markets, and hence on export revenue variability (ERV). This is

because events in the export market tend to have substantial 'spillover'

effects on the relatively small domestic market operations (as most

exports are also major items in the domestic market). The transfer of

export market instability onto the domestic market occurs as a result of

decisions made by agricultural market participants to redirect

agricultural surplus between the domestic and export markets, thereby

shifting the respective supply functions and influencing domestic

(especially food) prices.
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The policy implications of export demand and supply effects are

distinctly different. If export demand shifts are most important, little

can be done to modify the magnitude of ERV because these shifts are

determined by factors outside the realm of influence of participants and

policy makers in agricultural marketing systems in South Pacific

countries. A link needs to be established between the deleterious

effects of export price instability and marketing performance (a matter

taken up later in this chapter). If such a link can be established, the

next step is to determine whether there is any way of mitigating these

deleterious effects.

Alternatively, if supply factors are found to dominate the demand

factors causing ERV, it becomes necessary for policy makers to isolate

marketing factors from production factors. Only those factors operating

in the marketing system, which fall within the domain of marketing policy

making, are of concern in this study. These factors are exemplified by

the erratic behaviour of institutions in providing facilities and

services required to transmit or transform agricultural output within

marketing channels.

Information is provided in this chapter on the sources of

instability in export earnings in six major South Pacific economies:

Fiji, PNG, Solomon Islands, Tonga, Vanuatu and Western Samoa. In the

next section, some studies of the causes of export earnings instability

are reviewed. The analytical procedure is then described, followed by an

outline of data sources. This is succeeded by the presentation of

results and their interpretation. The chapter is concluded with a

discussion of the implications for further analysis.

7.2 CAUSES OF EXPORT EARNINGS INSTABILITY

Research into the causes of export earnings instability has been

considerable in recent years. A distinguishing feature of much of this

research is that it involves attempts to establish, via regression

analysis, causal relationships between some measure of export earnings

instability on one hand and certain attributes of the economy on the

other. These features have included the proportion of primary
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commodities in the export mix (Massell 1970; Askari and Weil 1974);

fluctuations in exchange rates (Branson and Katseli-Papaefstratiou 1980;

Brodsky 1983); degree of commodity concentration (Massell 1970; Hirsch

and Lev 1971; Katrak 1973, 1976; Naya 1973; Tuong and Yeats 1976 ; Lee

1977; Soutar 1977; Love 1979; Lam 1980); size and structure of the

economy (Erb and Schiavo-Campo 1969; Massell 1970; Mathieson and McKinnon

1974; Khalaf 1976; Lee 1977; Love 1979; Brundell, Horn and Svedberg

1981); geographic concentration of export markets (Naya 1973; Kingston

1976; Soutar 1977; Lam 1980; Chung 1981); and domestic consumption

(Charette 1985). Unfortunately, not many generalisations flow from these

studies. As in the case of research on the connection between the level

of export earnings instability and rate of economic growth (see next

chapter), the results vary according to country, the commodities exported

and the choice of time period for empirical analysis.

Conceptually, fluctuations in export earnings from a single

commodity are caused by fluctuations in the equilibrium price and/or

quantity traded. In turn, these can be traced to fluctuations in

underlying export demand and supply functions. Fluctuations in total

export earnings depend on the fluctuations in the earnings from

individual commodities and the manner in, and extent to, which the

earnings from various commodities fluctuate together. The types of

studies mentioned above do not form a very useful basis for formulating

stabilisation policy. In addition to problems of research design and

deficiencies in estimating models (Glezakos and Nugent 1983), they do

not, as a rule, go the final step in translating economy characteristics

into features of underlying export supply and demand functions. Indeed,

to do so might be quite difficult. It is further believed that embarking

upon stabilisation policies when the underlying causes - in terms of

supply and demand characteristics - of instability are unknown is

extremely hazardous.

Three studies are more typical of what is considered to be

appropriate analysis for formulating export earnings stabilisation

policy. Murray (1978) analysed data from 26 developed and 75 developing

countries and found that there appears to be a closer association between

ranks of earnings and volume instability than between ranks of
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earnings and price instability. Lloyd and Procter (1983) decomposed

instability in New Zealand's income terms-of-trade into an export volume

effect (19 per cent), a commodity terms of trade effect (95 per cent) and

an interaction effect (-14 per cent). However, only 41 per cent of the

commodity terms of trade effect was directly attributable to specific

commodity groups. Chung (1981) examined the mechanisms through which

fluctuations in export earnings are generated. He found that export

earnings of developing countries originate mainly from foreign sources

and concluded that 'Domestic supply fluctuations do not appear to explain

much of the differences in export instability, except among countries

with very high food ratios in their exports 	 (Chung 1981, p. 22).

In a recent exchange, Behrman (1984) and Murray (1984) debated the

importance of the assumptions regarding export demand and supply

elasticities in estimating the causes of instability in export earnings.

Behrman disputed Murray's (1978) conclusion that supply disturbances

dominate demand disturbances in explaining instability in export

earnings. Murray remained unconvinced by Behrman's arguments. The

crucial question in this debate is whether it is sound practice to assume

extreme elasticities of demand and supply when decomposing export revenue

variance. This issue is taken up again in the following section.

7.3 EXPORT INSTABILITY IN THE SOUTH PACIFIC REGION

7.3.1 Background to Study

The only formal studies of export earnings instability in the

South Pacific region have been by SPC (1980) and Knapman and

Schiavo-Campo (1983), the latter specifically a study of Fiji. The cases

for and against stabilisation measures in the South Pacific region were

outlined by the South Pacific Commission (SPC 1980) and, although it was

not stated explicitly, it was felt that the adverse effects of export

instability outweighed the arguments put forward in the case against

stabilisation. However, no supporting evidence was provided for

stabilisation in the region and there is no convincing evidence one way

or the other. Knapman and Schiavo-Campo (1983) were less prepared to

accept this proposition, stating that there is 'no basis whatever to
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presume that export instability necessarily retards growth for less

developed countries in general or to conclude that it has done so in the

specific case of Fiji over the last hundred years' (p. 115).

Nevertheless, if we accept that stabilisation measures are necessary, it

is important that, first, the sources of export instability are

established if its causes are to be removed or its effects mitigated by a

stabilisation scheme. The authors in SPC (1980) made the assertion (p.

7) that 'while volume fluctuations have been responsible for some

fluctuations in export earnings, price variations have played the

dominant role'. The validity of this assertion is crucial to the

effectiveness of a regional stabilisation scheme and to any unilateral

stabilisation procedures adopted by individual governments in the

region. It is not immediately apparent that the assertion is generally

true for the region.

The findings of Murray (1978) cast some doubt on the assertion.

Also, because a high proportion of exports of South Pacific countries are

food commodities (see Table 7.1), the findings of Chung (1981) are

relevant and render the assertion dubious. Apart from determining

whether demand or supply effects contribute most to export earnings

instability for the six countries of interest, the contributions to

export instability of individual commodities are examined in each country

for different time periods and the revenue interaction effects measured

between commodities and for the price-quantity interaction effect for

each commodity.

It is essential to achieve a wide coverage of agricultural export

commodities in each of the six countries studied. The major agricultural

commodity exports over the period 1961-83 for these countries are

presented as a proportion of total exports in Table 7.1. In each

country, the export base is narrow and, in general, no more than 5

commodities account for over 80 per cent of total export earnings.

Agricultural commodities were traditionally the major exports until 1970

after which other primary commodities (particularly fish and timber)

assumed major importance and, in countries such as PNG, Solomon Islands

and Vanuatu, overtook agricultural exports. All agricultural commodities

mentioned for each country in Table 7.1 are covered in this study. They

account for at least 80 per cent of agricultural exports in each country.



Table 7.1

Principal Agricultural Exports as a Percentage of Total Exports:

Commodity	 1961	 1966	 1971	 1972	 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983

Fiji

Sugar	 57.0	 67.4	 67.2	 66.5	 65.5 70.2 81.7 75.7 75.2 68.3 69.8 75.8 68.0 46.7 45.7

Molasses	 1.1	 1.3	 1.0	 0.9	 1.5 1.3 1.1 1.0 1.6 3.7 4.4 5.2 5.0 1.9 1.3
Ginger	 -	 0.3	 0.3	 0.6	 1.2 0.6 0.5 0.7 1.1 0.8 0.6 0.5 1.1 1.1 0.8
Coconut Oil	 19.5	 8.9	 8.1	 4.6	 10.8 11.2 4.4 5.1 7.1 7.3 7.0 2.8 3.3 2.3 4.3

Papua New Guinea

Coconut and Copra Products	 39.9	 29.8	 19.8	 7.6	 6.4 11.5 7.2 5.8 7.7 8.4 8.9 7.5 5.7 4.4 6.4
Cocoa Beans	 13.8	 20.7	 12.3	 6.0	 4.4 7.5 7.7 8.4 15.1 11.5 8.9 6.4 6.0 5.6 6.0
Coffee Beans	 10.9	 22.1	 20.7	 11.4	 8.6 6.9 17.4 21.6 25.0 19.5 18.2 17.0 13.1 13.7 13.8

Solomon Islands

Copra	 85.3	 88.7	 42.0	 20.0	 29.4 49.4 39.4 18.2 27.0 25.7 28.2 17.3 38.2 24.7 11.8
Palm Oil	 -	 -	 -	 -	 - - - 5.8 9.8 15.2 10.9 10.9 12.3 12.1 10.9 N.)

tv
cn

Tonga

Copra and Coconut Oil 	 84.3	 51.0	 49.7	 52.0	 67.0 69.7 65.1 56.1 61.8 58.7 51.9 58.1 40.0 30.3 32.8
Desiccated Coconut	 -	 6.9	 14.3	 10.3	 10.4 9.4 7.3 11.0 13.6 14.1 14.9 11.3 10.6 5.6 7.1
Bananas	 10.7	 37.0	 17.6	 15.9	 9.4 7.9 7.9 8.3 6.3 3.6 4.3 6.1 6.8 2.1 4.7
Vanilla Beans	 -	 -	 -	 -	 - - 0.3 1.3 2.6 3.6 0.7 3.6 3.7 14.8 9.6

Vanuatu

Copra	 63.5	 53.7	 33.3	 10.5	 22.1 61.4 36.3 33.9 38.0 37.7 46.5 24.2 37.8 32.2 44.5
Cocoa	 3.8	 3.1	 1.5	 1.0	 3.1 2.0 4.2 4.4 5.8 6.1 2.9 3.8 4.1 2.6 6.2
Beef	 -	 1.9	 2.8	 4.1	 4.6 2.3 6.8 4.6 2.6 4.9 4.3 3.1 5.6 8.4 6.6

Western Samoa

Copra and Coconut Oil 	 37.4	 52.0	 45.1	 40.7	 41.1 60.7 57.3 35.4 39.9 42.3 57.2 50.9 38.1 23.4 48.0
Cocoa	 30.1	 38.3	 28.6	 26.5	 26.8 24.4 26.0 41.7 50.7 31.0 23.6 19.2 13.9 6.5 16.8
Taro and Ta'amu	 -	 -	 3.3	 4.1	 8.9 4.1 2.1 6.7 3.0 13.2 7.3 6.6 20.7 14.1 8.7
Bananas	 32.5	 5.0	 11.9	 5.9	 1.9 1.7 1.2 2.7 0.4 0.7 0.4 2.5 2.3 4.0 1.5

Sources:	 Bureau of Statistics	 (1983); Statistics Department	 (1984), Economic Development Department
1985c);	 ADB	 (1984); Bureau of Statistics 	 (1983).

(1980);	 Statistics Office (1984,

1961 1983Selected South Pacific Countries - 	 to
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In all countries except Fiji, coconut products were the major

agricultural exports from 1961 until 1971 when in PNG coffee became

slightly more important. Copra exports accounted for a little more than

four per cent by the end of the study period. Sugar dominates Fiji

agricultural exports throughout the past 20 years. Two minor crops have

increased in importance (molasses and ginger) while coconut oil has

declined in relative importance since the early 1970s. In Tonga, Vanuatu

and Western Samoa, exports of coconut products have easily retained their

position as major exports. Exports of coconut products from Tonga have

declined in importance, from 84 per cent in 1961 to 40 per cent in 1983.

Banana exports increased in relative importance from 11 per cent of total

exports in 1961 to a peak of 37 per cent in 1966, then declined to only 5

per cent by 1983. In Western Samoa, cocoa exports, second in value to

copra, oscillated in relative importance between 25 and 50 per cent until

1980 after which their share of exports dropped to 17 per cent in 1983.

Bananas have declined substantially in relative importance from 32 per

cent of total exports in 1961 to 2 per cent in 1983. Taro exports were

developed during the late 1960s and had expanded to 14 per cent of total

exports by 1982, dropping again to 9 per cent in 1983.

7.3.2 Method 

The procedure used to decompose variability in export earnings is

demonstrated using an example in which total export earnings are derived

from exports of two commodities. In the exposition which follows, the

notational conventions are:

E denotes export earnings;

P denotes export price;

Q denotes quantity exported;

var denotes variance;

cov denotes covariance;

PE denotes price effect;

QE denotes quantity effect;

I denotes interaction effect; and

subscripts *, 1 and 2 denote total, commodity 1 and commodity 2,

respectively.
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Since

E
*
 = E

l
 + E

2

var E
*
 = var E

1
 + var E + 2 cov (E

1
E
2

)
2

or

(7.3)
	

var E
*
 = var (P

1
Q
1
) + var (P

2
Q
2
) + 2 cov (P

1
Q
1
, P

2
Q
2
).

In the first step of the decomposition procedure, each term in

equation (7.2) is expressed as a percentage of var E. The resulting

percentages indicate the direct contributions of the variance in earnings

from each commodity to the variance of E * and the contribution of

inseparable interaction between the earnings of each commodity to the

variance of E. The interaction term can be positive or negative; if

it is negative, then the sum of the two direct contributions will exceed

100.

In the second step, attention is focused on decomposing the

variances of E
1
 and E

2
 into various components, demonstrated below

with respect to El:
1

(7.4)
, 	 -

var (P
1
Q
1
) = Q

1

2
 var P

1
 + P

1

2
 var Q

1
 + I

11

where the 'bar' sign denotes the mean. The term I denotes the sum of
11

several terms which together constitute inseparable interaction between

P 1 and Q
1
 in determining the variance of E l . In practice, I

11
can be computed as the residual between this variance and the sum of the

first two terms on the RHS of (7.4). When expressed as percentages of

var E l , the three terms on the RHS of (7.4) can be interpreted as the

direct contributions of price and quantity variance, respectively, to var

E, and the contribution of inseparable interaction between price and
1

quantity to var E. Again, the interaction term can be positive or
1

negative.
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Combining the two steps in the decomposition procedure, we have

-	 -	 -	 -
(7.5) var E* = Ql

2
 var P 1 + P 1

2
 var Ql + Q2

2
 var P2 + P2

2
 var Q2

+ I
11 

+ I
22 

+ 2 cov (E
1
E
2
).

The case is often made for detrending data on export revenue used

in the decomposition procedure (e.g. Lloyd and Procter 1983). The

grounds for this case are that export suppliers and governments

(concerned with stability of national revenue) should be able to detect

long-term trends in revenue. Therefore, these should not be included in

any measure of ERV. On the other hand, it could be argued that in South

Pacific countries which are in an early stage of economic development,

long-term trends are not always easy to identify. Where they have

existed in the past, it is not always certain that they will continue in

the future. For instance, the export banana industries in Tonga and

Western Samoa could be said to have been in a state of long-term decline

over the past 15 years. Revitalisation schemes in both countries may

reverse this trend in the future. The question whether to detrend or not

is avoided by extending the model presented in equation (7.5). The

extension is undertaken in two directions. Direct price effects are

decomposed for each commodity into trend and variance components. A

similar decomposition is carried out for direct quantity effects. Of

particular interest are negative trends as it is fluctuations around a

downward price or quantity trend that are likely to be of most concern to

a risk-averting agricultural exporter.

The decomposition procedure presented in equations (7.1) to (7.5)

can be expanded to distinguish trend from variance components of

commodity revenue variability effects. Let

(7.6)	 V = P.Q,

where V is the value of exports of a particular commodity j,

P and Q are the price and quantity, respectively, of

commodity j.
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Equation (7.6) can be re-expressed as

(7.7)	 V = (Ps - p).(0 - q).

where P is predicted price based on linearly detrended estimates,

Q is predicted quantity based on linearly detrended

estimates,

p is the deviation of actual price from predicted price

after detrending, and

q is the deviation of actual quantity from predicted

quantity after detrending.

Now, as (Q1 - q) = Q and (P - p) = P, then

2	 ^	
(7.8) S	 = (Q - q)

2
 . S

2 + (P - p) 2
. S

2
+ I

v	 (P - p)	 (0 - q)	 jj

where S is standard deviation, and

I.. is the price-quantity interaction term for commodity j.
J.3

Rearranging equation (7.8) gives

-	 -	 2
(7.9) S

v
2
 = Q2 [S^

2
 + S 2 - 2 coy (Pp)] + P2 [S-

2
 + S

q
 - 2 cov (Qq)] +

	

P	 iii.P	 Q 

If each term on the RHS of equation (7.5) is expressed as a

percentage of var E * , then this variance can be written as:

(7.10) var E* =	 PVE1

+ PTE
1

(direct contribution of variability in price

of commodity 1)

(direct contribution of trend in price of

commodity 1)

+ QVE
1

(direct contribution of variability in

quantity of commodity 1)
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+ QTE 1	(direct contribution of trend in quantity of

commodity 1)

+ PVE
2
	(direct contribution of variability in price

of commodity 2)

+ PTE
2
	(direct contribution of trend in price of

commodity 2)

+ QVE2	(direct contribution of variability in

quantity of commodity 2)

+ QTE
2

+ I
22

(direct contribution of trend in quantity of

commodity 2)

(contribution of interaction between price

and quantity of commodity 1)

(contribution of interaction between price

and quantity of commodity 2)

(contribution of interaction between the

export earnings from the two commodities,

called the indirect contribution),

where each term on the RHS of equation (7.10) is the corresponding term

on the RHS of equation (7.4) expressed as a percentage, and then

decomposed into trend and variance components for price and quantity

effects.

A logical extension of the decomposition procedure would be to

decompose I
12 

into components attributable to four covariances

(PP,PQ,PQ andQQ) and higher-order interaction
1 	 1 2	 2 1	 1 2

terms. This was thought to be unnecessary for the present analysis.

However, in the analyses that follow, the procedure was extended in

straight-forward fashion to the case where export earnings arise from

more than two commodities.
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In essence, the decomposition procedure adopted here allows for an

analysis of the contribution of instability in earnings from individual

commodities to variability in total export earnings as well as an

analysis of the contribution of price and quantity variability to the

variability of earnings from a particular commodity. Previous analyses

of 'causes' of export earnings instability are open to criticism on the

grounds that they did not show the root cause of instability in terms of

export supply and demand variability. To what extent does the procedure

used here overcome that criticism?

Piggott (1978) has developed a formula for the decomposition of

revenue instability into demand and supply components for the case of

linear demand and supply functions. If the demand function is perfectly

elastic (inelastic) and the supply function is perfectly inelastic

(elastic), decomposition of revenue instability into price and quantity

components is equivalent to a decomposition in terms of demand and supply

effects. In these cases, equilibrium price corresponds to the level of

the perfectly elastic demand (supply) function and equilibrium quantity

corresponds to the perfectly inelastic supply (demand) function.

In the context of markets for the exports of South Pacific

countries, the assumption of a perfectly elastic export demand is

probably quite realistic on the basis of the 'small country assumption'

(i.e. that these countries act as price-takers on export markets). As

long as export demand elasticities lie in the range -10 to - 92,

decomposition results are likely to be similar (Piggott, Fleming and

Kunert 1986). An assumption of perfectly inelastic export supply is,

perhaps, harder to justify, for two reasons. First, there is evidence

that decomposition results vary a little as supply elasticities are

varied between zero and 0.6 (Piggott et al.). Second, while current

production of the commodities of interest might be perfectly inelastic

with respect to current price because of lags in adjustment and

adaptation of price expectations, insofar as quantity of exports is a

residual over domestic requirements, export supply might show some

responsiveness to current price. Difficulties caused by the assumption

of perfectly inelastic export supply are taken up in Appendix 4. The

decompositions here in terms of price and quantity effects could be
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regarded as decompositions in terms of demand and supply effects only if

the assumptions of extreme elasticities hold. Hence, the criticisms of

Behrman (1984) mentioned in the previous section are relevant to the

extent that a perfectly inelastic supply response is not likely to exist

for all commodities in the short run.

Even if one is not prepared to accept the assumption of extreme

elasticities, decompositions in terms of price and quantity effects can

be a guide to the likely pattern of underlying demand and supply shifts

when considered in conjunction with a priori (but imperfect)

information about underlying supply and demand conditions. Indeed, this

would be in the spirit of the analysis undertaken by Murray (1978). For

example, if the results show a much greater contribution (to revenue

instability) from price variability compared with quantity variability,

and if it is thought that export supply is highly price inelastic

relative to export demand, it would seem reasonably safe to conclude that

demand fluctuations are the principal cause of fluctuations in export

earnings. A comparison of results using extreme elasticities and 'best

guess' elasticities is presented in Appendix 4.2.

It is acknowledged that the results from the proposed

decomposition analysis will provide far from all the information

necessary to formulate effective stabilisation policy. Nevertheless, the

analysis is a logical first step in trying to understand the causes of

instability in actual export earnings. In particular, it should be

sufficient to highlight potential problem areas in the design of

stabilisation policy. In so doing, it will provide guidelines for policy

making and the direction of further research reported in later chapters.

One complicating factor in this type of analysis is that the

number of principal export commodities for any particular country changes

over time. Hence, it is appropriate to undertake decompositions for

sub-periods within the whole time period of interest. Such is the case

in the present analysis where, for example, two sub-periods are analysed

for Solomon Islands. During the period 1961-75, the only important

agricultural export was copra. After 1975, palm oil was added to provide

two commodities for analysis.
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7.4 DATA

Data on export volumes and f.o.b. values for the 23-year period

from 1961 to 1983 were obtained from publications of various government

departments in the six countries included in the study and checked

against figures in publications of the Asian Development Bank (ADB

1984). Commodity 'prices' were calculated by dividing the export values

by the respective volumes for each year. The commodities analysed in

each country are enumerated in Table 7.2.

Data on Fiji exports are only for the period to 1982 and are

derived from Bureau of Statistics (1983). All data on PNG exports for

the period 1961/62 - 1977/78 were obtained from NSO (1979). Data on

exports for 1978/79 - 1982/83 were obtained from BPNG (1983). Solomon

Islands data were available in Statistics Office (1984) for palm oil for

the period 1970-83 and for copra for 1961-83. For Tonga, copra export

data for 1961-69 were obtained from Kingdom of Tonga (1970) while

desiccated coconut export data for the same period were published in FAO

(1973). Data for both of these commodities were available for the rest

of the study period as follows: for 1970-74 from Central Planning Office

(1976); for 1975-77 from Commodities Board (1978); and for 1978-83 from

Statistics Department (1984). Data on banana exports for 1961-64 were

extracted from FAO (1973) and for the rest of the period from Statistics

Department (1984). The latter was also the source of data on vanilla

exports from 1975 to 1983. Common data sources were used for copra,

cocoa and banana exports in Western Samoa: 1961-62 from FAO (1963);

1963-69 from Department of Economic Development (1970); and 1970-83 from

Department of Statistics (1983).

7.5 RESULTS

A summary of the results of the decompositions undertaken for all

countries is presented in Table 7.3 in two divisions. All figures are

presented in percentages of total ERV (TERV) and the totals in each

division for each country sum to 100.
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Table 7.2

Enumeration of Export Commodities 

Commodity

Fiji	 PNG	 Solomon	 Tonga	 Vanuatu	 Western
Islands	 Samoa

1. Sugar	 Coffee	 Copra	 Copra	 Beef	 Copra

2. Molasses	 Copra	 Palm oil Desiccated	 Cocoa	 Cocoa
coconut

3. Ginger	 Cocoa	 Bananas	 Copra	 Bananas

4. Coconut oil Coconut	 Vanilla	 Taro
oil
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Table 7.3

Results of Decompositions of Export Revenue Variability

(1) Fiji 

Effect	 1961-69	 1970-82	 1961-82

(a)	 Category contributions

PTE	 0.9 24.2 39.7

PVE	 27.5 18.8 13.6

QTE	 34.6 7.9 1.6

QVE	 29.2 7.5 4.9

PQE	 -2.1 23.0 21.3

1E	 9.9

(b)	 Commodity contributions

18.6 18.9

PT1	 - 23.8 39.3

PQ1	 -1.0 22.8 21.3

PV1	 27.1 18.5 13.3

112	 2.1 12.5 10.7

QV1	 28.5 7.5 4.9

QT1	 34.2 7.9 1.6

Other	 9.1 7.0 8.9
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(2) PNG

Effect	 1961-71	 1972-83	 1961-83

(a)	 Category contributions

PTE	 0.8 6.3 7.5

PVE	 5.4 32.1 7.6

QTE	 32.5 2.4 7.4

QVE	 1.8 2.0 0.8

PQE	 1.2 8.3 22.1

1E	 58.3

(b)	 Commodity contributions

48.9

29.9

54.6

30.8113	 29.2

PQ1	 -2.5 8.8 19.9

112	 10.5 7.1 8.8

QT1	 27.8 2.3 7.1

PV1	 0.2 22.4 4.6

Other	 34.8 29.5 28.8
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(3) Solomon Islands 

Effect	 1961-75	 1976-83	 1961-83

(a)	 Category contributions

PTE	 19.0 - 9.1

PVE	 89.3 64.3 10.6

QTE	 0.3 19.1 2.8

QVE	 11.2 39.1 2.8

PQE	 -19.8 -55.0 31.2

IE	 -

(b)	 Commodity contributions

32.5 43.5

112	 - 32.5 43.5

PQ2	 - -42.6 18.2

PQ1	 -19.8 -12.4 13.0

PV1	 89.3 18.7 9.8

PT1	 19.0 - 7.6

QV1	 11.2 - 1.9

QV2	 - 39.1 0.9

PV2	 - 45.6 0.8

QT1	 0.3 17.2 0.8

Other	 - 1.9 3.5



239

(4) Tonga

Effect	 1961-74	 1975-83	 1961-83

(a)	 Category contributions

PTE	 18.8 - 48.9

PVE	 64.8 69.2 51.4

QTE	 1.1 0.1 12.6

QVE	 76.7 5.8 66.8

PQE	 -58.2 -1.1 -88.1

1E	 -3.2

(b)	 Commodity contributions

26.0 8.4

PV1	 63.8 51.8 48.1

QV1	 33.8 5.4 41.7

PT1	 15.5 41.0

QV3	 41.8 0.1 22.4

112	 5.1 18.0 27.5

PV3	 0.3 14.3 1.7

113	 -15.7 4.5 -15.2

PQ3	 0.3 -1.2 -18.6

PQ1	 -58.3 -1.0 -70.1

Other	 13.4 8.1 21.5
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(5) Vanuatu

Effect	 1961-71	 1972-83	 1961-83

(a)	 Category contributions

- -PTE	 44.4

PVE	 27.6 50.4 51.9

QTE	 - - 0.4

QVE	 23.8 1.4 8.2

PQE	 -8.9 47.0 22.5

IE	 13.1

(b)	 Commodity contributions

1.2 17.0

PV3	 27.3 50.4 51.2

PQ3	 -9.3 47.0 21.9

123	 11.9 1.1 16.1

QV3	 23.5 1.4 8.1

PT3	 43.9 - -

Other	 2.7 0.1 2.7
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(6) Western Samoa 

Effect	 1961-70	 1971-83	 1961-83

(a)	 Category contributions

PTE	 4.5 16.6 42.8

PVE	 21.5 27.0 26.5

QTE	 41.3 3.4 21.4

QVE	 57.9 11.6 21.4

PQE	 -47.1 9.7 -44.7

1E	 21.9

(b)	 Commodity contributions

31.7 32.6

PT2	 2.0 4.8 28.9

112	 -6.5 20.9 23.8

PV2	 19.6 6.2 13.8

114	 - 5.3 13.6

QT2	 0.6 2.4 13.3

PQ1	 -4.7 6.8 13.0

PV1	 1.8 20.4 11.3

PT1	 2.0 11.1 11.1

QV2	 27.7 3.3 9.8

QT3	 39.0 0.1 7.4

QV3	 20.4 0.5 4.9

123	 21.9 -0.6 -2.8

PQ3	 -11.1 -0.5 -12.4

PQ2	 -31.3 0.7 -50.0

Other	 18.6 18.6 14.3
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Both linear and linear logarithmic trend variables were fitted to

account for trends in prices and quantities. On the grounds that linear

trends proved equally good in explaining trends (on the basis of

tests), these were preferred in all cases.

The first division comprises the category contributions to TERV

for each country. There are six component categories: price trend

effects (PTE); price variance effects (PVE); quantity trend effects

(QTE); quantity variance effects (QVE); price-quantity interaction

effects (PQE); and indirect effects (IE).

Commodity contributions are presented in the second division of

results, reflecting the major individual contributions to TERV among the

different export commodities. Effects are arranged in order of

magnitudes for the whole period with the largest positive effects first

and the largest negative effects last. The list contains only those

effects that are 'substantial' (judged to be ten per cent or greater)

either for the whole period or for either of the sub-periods reported for

each country. Those commodity contributions deemed to be 'unsubstantial'

(i.e. less than ten per cent) are grouped together under 'other'. Each

commodity is represented in Table 7.3 as a numeral, specified in Table

7.2.

Full details of the results in each period for each country are

presented in Appendix 4.

7.6 DISCUSSION

7.6.1 Inter-Country Comparisons 

While all countries in the region have only a narrow range of

agricultural exports as indicated in Table 7.1, export revenue is more

concentrated in some countries (e.g. Fiji, Solomon Islands and Vanuatu)

than others. This is reflected in the commodity sources of TERV (see

Table 7.3). In Fiji, causes of instability in sugar export revenue were

overwhelmingly the main source of TERV. In Solomon Islands and Vanuatu,

the same could be said of instability in export revenue from copra.
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The slightly more diversified range of export commodities in the

other countries under study yielded a broader source of TERV. In PNG,

major contributions to TERV flowed directly from coffee and indirectly

from revenue interactions between coffee and copra and coffee and cocoa.

Minor direct contributions also came from copra and cocoa. Direct

contributions to TERV in Tonga stemmed mainly from copra and bananas with

minor contributions from desiccated coconut. Indirect effects were

substantial for revenue interactions between copra and desiccated coconut

and copra and bananas. Finally, given the narrow range of agricultural

products exported, the significant sources of TERV in Western Samoa were

remarkably numerous. While copra and bananas contributed most of the

direct effects, there were major revenue interaction effects between

copra and cocoa, copra and taro, and cocoa and bananas.

There were important differences in sources of TERV between time

periods in a single country, again reflected in Table 7.3. These

differences were highlighted by the inclusion of trend components in the

decomposition procedure. The estimation of different linear trends

between sub-periods in Western Samoa, for instance, has led to a large

contribution of cocoa price trend to TERV (29 per cent) for the whole

period even though the contribution in each sub-period was low. These

apparent anomalies were not restricted to trend effects. A similar

situation prevailed for price-quantity interaction effects of bananas in

Tonga and of coffee in PNG. Variations occurred for individual

commodities, for types of direct effects (price, quantity and

price-quantity interaction) and for direct versus indirect category

effects. These differences are examined below in detail.

7.6.2 Direct versus Indirect Effects 

Direct effects, in general, were more important than indirect

effects. For the whole period, only in PNG were contributions

approximately equal between indirect and direct effects and in no country

were the indirect effects significantly greater. An examination of

individual sub-periods reveals that on only one occasion did indirect

effects prevail, viz. PNG in the sub-period 1961-71.
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In Fiji, Solomon Islands, Tonga and Vanuatu, the direct effects

were overwhelmingly important. These are the countries with the

narrowest range of export commodities, so this result is quite

understandable.

7.6.3 Relative Direct Effects 

Fiji. During the period 1961-82, the price effects far exceeded the

quantity effects in contributing to TERV. This overall result masks the

dominant influence of quantity effects during the 1960s, brought about by

variations in the export supply of sugar. Quantities of sugar exported

fluctuated around an upward trend during this sub-period.

The major contribution to TERV of an individual category in the

second sub-period came from price trend effects (24 per cent), although

strong contributions were also made by price-quantity interaction effects

(23 per cent) and price variance effects (19 per cent). The relative

contributions in this sub-period reflected fairly faithfully those for

the whole period. Interaction effects were much greater during the

second sub-period compared with the first (42 per cent and 8 per cent,

respectively).

PNG. Price effects were greater than quantity effects for the whole

study period. As in the case of Fiji, however, there was a dominance of

quantity effects in the first sub-period, especially the quantity trend

effect. This was a result of the expansion of production and export

activities of coffee and cocoa which was not as notable in the second

sub-period. Price variance effects were greater than quantity variance

effects in both sub-periods (particularly for the second sub-period) and

for the whole period. Price-quantity interaction effects had little

influence in both sub-periods yet the overall effect was quite material.

Solomon Islands. The major feature of the direct effects on TERV in

Solomon Islands is the price-quantity interaction effects between

sub-periods. The large negative effect in the first sub-period (-20 per

cent) was succeeded by a 55 per cent negative effect in the second

sub-period. Yet the overall price-quantity interaction effect was
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positive and substantial (31 per cent). This result indicates the

pitfalls in not disaggregating time periods to reveal differences in

contributions.

There was a clear difference in importance between price and

quantity effects for the whole period. The dominance of price over

quantity effects differed between sub-periods, being 108 per cent to 12

per cent in the first sub-period compared with 64 per cent to 58 per cent

in the second sub-period. Price variance effects were particularly

strong in both sub-periods (89 per cent and 64 per cent, respectively, in

the first and second sub-periods).

There were no revenue interaction effects in the first sub-period

because copra was the only commodity being considered. In the second

sub-period, however, the interaction between copra and palm oil revenue

was quite strong and positive (33 per cent). This is hardly surprising

given that the commodities are sold in related world markets.

Tonga. There were very large price and quantity variance effects for the

whole period (51 and 67 per cent, respectively). The trend effects were

smaller and much greater for price than for quantity. The large price

and quantity variance effects were offset by a considerable and negative

price-quantity interaction effect of 88 per cent. The effects in the

first sub-period were mirrored in the overall effects for the whole

period. In the second sub-period, some differences existed. In

particular, compared with the first sub-period, quantity variance effects

were much weaker, price trend effects were non-existent, and revenue

interaction effects were positive and quite substantial (26 per cent

compared with -3 per cent in the first sub-period).

Vanuatu. Price effects dominated quantity effects both in the

sub-periods and in the whole period. This is particularly marked in the

whole period where price effects contributed 52 per cent of TERV compared

with 9 per cent for quantity effects. Price variance effects

predominated, with the price trend effect negligible. Finally, there

were large positive price-quantity interaction effects in the second

sub-period (47 per cent) and for the whole period (23 per cent).
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Western Samoa. Price effects were greater than quantity effects for the

whole period. The relative importance, however, alternated between

sub-periods, with quantity effects much more important in the first

sub-period (99 per cent compared with 26 per cent). Price variance

effects were more important than price trend effects for both

sub-periods, but not for the whole period. A similar situation existed

for quantity variance effects relative to quantity trend effects. These

contradictory outcomes are best analysed by concentrating on the results

in the sub-periods which were based on more disaggregated data. In

regard to the price-quantity interaction effects, two points are noted.

First, for the first sub-period and overall, there was a large negative

effect (-47 per cent and -45 per cent, respectively). Second, there is a

contrast in results between the first and second sub-periods, with a

slight positive interaction effect in the latter.

7.6.4 Relative Commodity Contributions 

Fiji. Commodity contributions to TERV in Fiji were provided virtually by

one crop, sugar. This is unsurprising given the pre-eminent place that

the crop has as the major export of Fiji and the turbulence that has

persisted in the world sugar market over the past two decades.

Consequently, positive price trend effects (39 per cent), price-quantity

interaction effects (21 per cent) and price variance effects (13 per

cent) of sugar contributed most to TERV over the whole period. Even the

positive revenue interaction effects derived from sugar and its major

by-product, molasses (11 per cent). There were, nevertheless,

substantial contributions to TERV by positive quantity trend effects (35

per cent) and quantity variance effects (29 per cent) in the first

sub-period, outweighing the price variance effects (28 per cent). The

picture for the second sub-period, however, is that which most influences

the overall contributions to TERV.

PNG. The most dominant contribution to TERV in PNG was the large

positive revenue interaction between coffee and cocoa (31 per cent),

overshadowing other revenue interaction effects of which the largest was

coffee and copra (9 per cent). The only other major single contribution

was the positive price-quantity interaction effect of coffee (20 per
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cent). This overall result masks the difference between sub-periods (-3

and +9 per cent for the first and second sub-periods, respectively). The

separate price and quantity effects were not substantial for any

commodities. The only contributions worthy of note were the 22 per cent

coffee price variance effect in the second sub-period and the 28 per cent

positive quantity trend effect in coffee in the first sub-period. The

latter reflects the build-up of the coffee industry during the 1960s.

Solomon Islands. Because only one commodity is considered for analysis

in the first period, results for individual commodities correspond to

those for category contributions outlined above. The picture changes

considerably in the second sub-period. Copra effects no longer dominate

and it is palm oil effects that are to the fore. Quantity variance

effects of palm oil contribute 39 per cent of TERV and price variance

effects contribute 46 per cent. These two contributions are offset,

however, by a large negative price-quantity interaction effect of 43 per

cent. For the whole period, the effects of palm oil fail to show up a

great deal in contributions to TERV because of the short time span during

which palm oil was a significant export crop.

Tonga. Direct copra effects were the major contributions to TERV in

Tonga. Copra price variance effects (48 per cent) were slightly greater

than copra quantity variance effects (42 per cent) and the price trend

effect (41 per cent). These were offset by a substantial negative

price-quantity effect (70 per cent), leaving a net contribution of copra

to TERV of 64 per cent. This interaction effect was larger in the first

sub-period (-58 per cent) than in the second (-1 per cent).

There were, nevertheless, significant contributions from other

commodities during the whole period. Banana ERV contributed 18 per cent

to TERV, comprising mainly a quantity variance effect of 22 per cent

(generated by the 42 per cent contribution in the first sub-period), and

a negative price-quantity interaction of 19 per cent.

Desiccated coconut and vanilla contributed in a minor way to

TERV. In the former case, the net contribution for the whole period was

only six per cent, with individual price and quantity effects of eight
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per cent offset by a small negative price-quantity interaction effect.

The negligible overall contributions of vanilla effects were due

primarily to its recent emergence as a major export crop. The two

largest individual effects of copra price variance and the negative

price-quantity interaction effect of copra were dominant in both

sub-periods. The banana quantity variance effect, however, was much less

notable in the second than in the first sub-period (0.1 per cent compared

with 42 per cent).

There were two revenue interaction effects of note for the whole

period. The first was a positive effect of 28 per cent and was,

unsurprisingly, that between copra and desiccated coconut (both deriving

from the same raw agricultural product). A significant negative

interaction of 16 per cent was recorded for copra-bananas in the first

sub-period with the overall effect slightly less at -15 per cent; there

was a countering positive interaction of 4 per cent in the second

sub-period.

Vanuatu. As indicated earlier, the dominance of copra exports was

reflected in the large contributions of copra ERV to TERV. For the whole

period, the individual contributions to ERV were mainly spread between

the price variance effect (51 per cent) and the positive price-quantity

interaction effect (22 per cent). There were also quite significant

revenue interaction effects between cocoa and copra (16 per cent). There

were two main divergences in contributions to TERV between sub-periods.

Positive price trend effects of copra were most important in the first

sub-period (44 per cent) yet negligible in the second; and copra

price-quantity interaction effects were small and negative in the first

sub-period (9 per cent) yet large and positive in the second (47 per

cent).

Western Samoa. A wide range of individual commodity contributions was

headed by the positive price trend effect of cocoa (29 per cent) and the

positive revenue interaction between copra and cocoa (24 per cent). The

latter was influenced primarily by events in the world commodity markets

in the second sub-period, unlike the situation reported above for Vanuatu

where effects were most notable in the first sub-period. (The effect was

actually slightly negative in the first sub-period.) The converse

situation existed for cocoa-bananas revenue interaction, with a large
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positive effect in the first sub-period (22 per cent) and a small

negative effect in the second sub-period. The overall effect was only

minor (-3 per cent).

After the 2 largest contributions for the whole period came 7

further individual effects that contributed between 10 and 14 per cent of

TERV: a positive copra-taro interaction effect (14 per cent); cocoa

price variance (14 per cent); price-quantity interaction for copra (13

per cent); a negative quantity trend effect for bananas of 13 per cent,

reflecting the declining trend in the volume of banana exports throughout

the study period; significant price effects of copra of 22 per cent,

being divided between price variance and a positive price trend (11 per

cent each); and a 10 per cent quantity variance effect for cocoa.

In addition to the above positive contributions to TERV, there

were two major offsetting effects, both price-quantity interactions.

First, the interaction effect of cocoa (-50 per cent) was influenced

mainly by events in the first sub-period. It offset most of the cocoa

price and quantity contributions to TERV. The second negative

interaction effect was for bananas (12 per cent) which also mainly

reflected events in the first sub-period. Again, it almost offset the

separate price and quantity contributions of this commodity to TERV.

7.7 CONCLUSION

The major purpose in this chapter has been to determine whether

demand (price) or supply (quantity) effects contribute most to

instability in agricultural export earnings in South Pacific countries.

Policy makers often regard price stability as a desirable policy outcome

in the (often mistaken) belief the price stability necessarily translates

into revenue stability. Control over the stability in volumes of

agricultural exports can also be important in that it results in

stability of employment of marketing resources used in exporting

activities.

In general, the demand (price) effects were found to be of most

importance during the period of study. There were, nevertheless, some

quite substantial supply (quantity) effects, particularly during the

1960s, where supply effects sometimes outweighed demand effects (e.g. PNG
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and Western Samoa). Also, there were some significant negative

demand-supply interaction effects. In these circumstances, there is

little point in assessing the relative importance of demand and supply

contributions: both are important.

A substantial component of export revenue variability derives from

trend effects rather than the effects of variance around a trend. Where

this occurs, it is a matter of judgment whether these trend effects are a

cause of market risk or whether they are causes of variability in export

earnings that are obvious ex ante to market participants.

To sum up, the results provide some evidence that quantity

variability as well as price variability can be an important contribution

to revenue instability. The usual explanation of unstable agricultural

markets is in terms of inelastic demand functions and highly inelastic

and volatile supply functions. It is true that these conditions tend to

generate highly unstable prices relative to quantities traded. In the

context of small exporting countries, the usual explanation has to be

amended considerably to take account of the fact that export demand

functions are probably highly elastic in most cases. Price instability

is still generated, but it tends to be the result of volatility in the

level of the highly elastic export demand function. Moreover, in

situations where export demand remains relatively stable for short

periods, one can expect to observe greater instability in quantities

traded than in prices as a result of shifting supply in the face of the

highly elastic but relatively stable demand.

The analyses have yielded a number of other interesting results as

by-products which have implications for policy making in the agricultural

marketing systems being studied. These concern, in particular, the

relative contributions to TERV of different agricultural export

commodities, the influence of interaction effects and the comparative

levels of instability between countries, commodities and time periods.

Their implications are likely to be of most interest in the formulation

of stabilisation policies in major agricultural export markets. These

matters are taken up again in Chapter 10.
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