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Dynamic Complementarity in Export Promotion:
The Market Access Program in Fruits and Vegetables
Abstract: To justify public subsidies for export promotion, export markets must fail to provide
incentives for exporters to recognize the benefits ilbgpr or long-term benefits of promotion.
This paper tests for these failures in dynamic dual models of horticultural export supply. Results

show significant spillover and dynamic etts.



Introduction
During debate over thE996 Food and Agriculture Improvement and Reform Act (FAIR),
subsidized export promotion under what was then known as the Market Promotion Program
(MPP) came under sharp criticism as a prime example of “catg@relfare.” Critics maintain
that if such promotion is economically viable, then there is no need for government assistance.
However, in the presence of certain market failures, a case for public support of export
promotion can be made.

At least two market failures could cause firms to under promote their product in foreign
markets, thereby leading to lower exports overall, and lower national welfare. First, uncertainty
over the level and extent of funding may cause firms to adopt a short-term plannirgipezsp
even though the edtts of theipromotion may last for many years (Dhalla). With this myopic
perspective, the net present value of prgmotion investment M/be lower than if a long-term
perspective weredmpted. Second, advertising magate positive externalitiespromoting one
good causes exports of another to rise. Typically, growers of the promoted commodity do not
include these “halo effects” in their decisiornptmmote (Dwyer).

This study develops a method of testing for these market failures using a dynamic dual
model of export sales. In this framework promotion expendituresesatett as anxporter’s
investment in establishing and maintaining a product’s image in a foreign market, herein called
“product equity.” The notion of product equity is akin to Nerlove and Arrow’s idea of
advertising contributing to the “goodiassocated with goroduct. With this approach,
promotion investments not only irapt sales of anxporter's own product, but also products

closely associated with themorters. This may arise in U.S. export promotions that emphasize



the products’ U.S. origin. The efftiveness of thpromotion investment is likely to decline over
time, though. The nexestion develops theynamic promotion model used in this analysis.
An Adjustment Cost Model of Export Supply and Promotion

Existing analyses of the effectiveness xjp@t promotion consider its role in expanding foreign
consumers’ import demand for the promoted commodity (Comeatglhdimmer, and Wabhl,
Solomon and Kinnucan; and many others). Although this approach has proven popular and
valuable in quantifying the impact pfomotion on demand, there are a few reasons why it is not
the only way to model trade in agricultural products. First, the decision to enter export markets
is not usually made directly in r@ense to demand from foreign consumers, but rather atagn
from a perception among growers that domestic production has outgrown the domestic market’s
ability to maintainacceptable price levels (Elwell). $ed, teatingpromotion as an argument
of consumers’ utilityfunctions is not necessarily universally accepted (Stigler and Becke
Third, considering the vast number of products that consumers agetedio maintain specific
knowledge of, describing the dynamics of promotion in terms of a firm’s investment in a
depreciating capital stock of gootliyproduct equity, or regation (Nerlove and Aow) is at
least as plausible as including it in a consumer’s ufilibhction. Finally, many goods are
demanded not by foreign consumers, but by firms as inteateeiputs in the production of
final goods (Davis and Jensen). Consequently, this study offers an alternative approach by
treating &port promotion as an input to U.S. producers’ export supply decision.

Other studies also look at promotion from a firm, rather than consumeeptvsp
Ehrlich and Fisher tregtromotion expenditure explicitly as an input to production, where the

stock of product equity depretes over time. Thus, the demdadpromotion arises as a



derived demand within a dynamic profit nraxationproblem. Their approach, though, does
not allow for adjustment costs, which are likely to be significant in establishing and maintaining
product equity. With adjustment costs, the demand for promotion is more apgelypri
considered, as Little suggests, as the demand for a quasi-fixed input to production (Mortensen,
Treadway, Howard and Shumway 1988)edtingproduct equity as a quasi-fixed input offers an
explanation for promotion dynamics that is well grounded in firrmogphg behavor.

Beyond these nice conceptuahfures, this approach also provides a natural framework
within which to test the quasi-fixity of promotion, the significance diosygers from promoting
one commodity to another (or the haloeet), and the direct effect pfomoting a commodity
on its own sales. First, estimates of the adjustment rate of each commodity’s stkuot
equity are obtained directly by specifying the eoflsadjustment model in terms of a multivariate
flexible accelerator (MVFA). Iproduct equity does not adjust to itsaly-sate instantaneously
(within one period), then single-period planning horizons for promotion expenditure are sub-
optimal. Second, the MVFA adjustmerite parameters show not only fr@portioneach
quasi-fixed input adjusts towards iteady-sate level given deviatiorfsom its own long-run
level, but also the effect of disatjoria among all other quasi-fixed inputs (Mortensen). Epstein
and Denny define dynamic complementarity as the case where a deficient stock of one quasi-
fixed input causes a reduction in tlage of adjusting another. The logic in this case is
reasonably intuitive -- if the marginal value product of one input rises in the level of a second,
insufficient stocks of theatter cause demardr the first to fall. In addition to these potential
long-run sjdlover effects, the model estimatdsost-run inteactions by including all cross-

promotion variables ieach spply equation.



The demand for promotion and the supply of exports are derived using the dynamic dual
framework of Epstein as applied to agricultural investment by Howard and Shumway (1988) or
to investment in the food processing industry by Morrison. With this approach, if firmsizeax
the present value of future profits seddj to a single-periogroduction constraint and a dynamic
constraint on the rate of adjusting quasi-fixeplts, then the magized obgctivefunction of
the firm can be written in terms of a dual valuection. The dual value function expresses the
present value of the firm as a function of input prices, output prices, retgslaf quasi-fixed
inputs and current quasi-fixed input stocks. Applying a dynamic analogue difrtdtsté.emma
to a value function of a specific functional form geates estimablenput demand, output
supply, and investment demand equations.

In terms of the export promotion decision, however, it is common to consider input
guantities as predetermined (Lawrence). Tloeeg the problem facing exporters (primarily
private firms) is to hoose their own promotion expenditure levels and estilp export
promotion program regulations, the amount of support to apply for from the Foreign Agricultural
Service (FAS) in order to mawrize grower revenue net pfomotion costs. Conceptually, this
means that the relevant objectivmction is neither a profit nor a cost function, but a net
revenue function instead. Further, the fact gratiuct equity is costly to adjust in foreign
countries means that the revenue function is constrained by the process governing the change in
equity over time. An exporter’s ajtive is, therre, to maxnize the present value of net
export revenue -- net of the cost of adjusting the stock of product equity. The dynamic dual
arguments made by Epstein apply equally to the dual revenue function as to the dual profit or

cost functions more common to the literature, provided that the equivalent regularity conditions



are satisfied. One potential problem in the empirical estimation of this model is obtaining
separate data on commoditiesught for export (inputs) and the amouatsually exported
(outputs). By assuming current period exports are composed oéfmerihed levels of
production, however, current output is a function of last period’s input endowment. Given this
argument, the dual value function, assuming the decision makénizescthe present value of
future export net revenue over an infinite horizon, can bigenras:

J(p,a,x,2) = rr|1ax }e” [PY(x,2) - C(I) - gz]dt
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whereJ is the optimal present value of net export revengjesthe rental rate of quasi-fixed
input z, r is a real interest ratp,is a vector of output priceg,is a vector of export quantities,

is a vector of input endowmentsis the gross rate of investing in quasi-fixaglt j, and is a
constant rate of depreciati. In order fod to meet the regularityonditions required for

dynamic duality (Epstein), the value function must, among other conditions, be homogeneous
and convex in output prices, output supply monotonically increasing in output price, and the
shadow value of must be non-negative for positive adjustments (investment), and non-positive
for disinvestments. Solving this apizationproblem yields a system of export supply and
investment demand equatiohs. The empirical form of these equations depends @ttioa sel

of an appropatefunctional form for the value function, which is presented next.

LA complete derivation of this model is available from the authors.
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Empirical Model of Export Supply
One plausible functional form for the value function is the Generalized Leontief (GL) of
Diewert. This functional form is widely used in empirical dynamic dual stu@ieause it is
inherently homogeneous in prices, is a second-order approximation to an atbthargiogy,
and is affine in the state variables. In terms of the variables in this applidae value function

is written:
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wherep andq are output and quasi-fixed input prices (renaads), respectivel, B, C, D, E,
andF are conformable paragter matrices, anglis a vector of stocks of product equity. This

specification generates estimable outpyty and investment demand equations:
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In a model of dynamic adjustment, both long and short-run elasticities are of interest. For
current purposes, short-run elasticities are defined as conditional on existing leaadb gluasi-
fixed input so they are, in eftt, fixed nputs. In the long-run, on the other haridady-sate
guasi-fixed input stocks respond to changes in prices, promotion, or other elements of the
vector in (4). Long run elasticities, therefore, take attoount the eécts of price changes on
both current supply and future changes in supply induced by changes in quasi-fixed inpdt stocks.
Equation (3) can be used to differaméi between the long- ankost-run efects ofpromotion.
Whereas sales respondatitly topromotion in the current period as shown by Ahgarameter
matrix, estimates of the longn effect take into aaunt both sluggish adjustment of
accumulategbromotion stocks and int&ctions with stocks of other commoditiesogiwill.
These effects are shown in the gp@éadjustment paragters inB. Indeed, the parameters of
B provide a means of testing the degree of complementarity or subsgttiubsiween
commodity-promotion programs.

Data and Methods

Export shipments of apples, almonds, grapes, and wine were considered in this anatgss D
export shipments were obtained frémreign Agricultural Trade of the United Stat@sATUS.
Export prices were calcatied as unit value indices using thpaged export values and
guantities. Annualata onpromotion expenditures were obtained from the Foreign Agricultural
Service. However, these data were only availdléhe period 1984 through 1995. To
generate wficient degrees of freedom to estite the model, it was necessanptwl the data

over a cross-section of porters, which included Mexico, Sweden, Norway, Finland, United

% The derivation of the price and promotion elasticities is available from the authors.
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Kingdom, France, Germany, Malaysia, Singapore, thigppines, and Japan. While the data to
this point are commonly used in export promotion studies, calculating different rental gjices (
for each commodity’s stock @roduct equity is a problem unique to a dynamic-dual approach.

Ehrlich and Fisher’s approach for measuring the rental price and estimating the
depreciation ratéor product equity, is adopted in this study. With their method, eates of
the depreciation rate are obtained using a maximumhikedi grid-search procedute. Searching
over increments of size 0.001 provides an optimal depreciatierof0.921, implying a
relatively rapid decay gfroduct equity. This depreciatioate is maintained while testing both
the regularity conditions for duality and hypotheses regarding teeteinessiurablity, and
spillovers associated withxport promotion expenditure.

Results and Discussion

The estimated parametdrem equations (3) and (4) showed that the dynamic export supply
specification is consistent with botbrvexity and symmetry of the value function, so these
theoretical conditions are maintained while testing for instantaneous and independent quasi-fixed
input adjustment. In both commodity-by-commodity and joint tests of instantaneous adjustment,
the null hypothesis is regted. Rejecting instantaneous adjustment means that investments in
product equity through promotion expenditure have multi-pericetesithat would be igpred
by adopting a single-period promotion planning horizon. These findings support thdityossib

a dynamic externality to export promotion. The results also suggestinghypotheses of

® The depreciation rate cannot be estimated simultaneously with the rest of the system parameters because net
investment is unobservable when the depreciation rate is unknown. As in Ehrlich and Fisher, therefore, this grid
search procedure estimates both the unobservable stock of product equity and the investment-demand parameters.

* The estimated parameters are not reported here, but are available from the authors.
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independent adjustment feach quasi-fixedhput. This means that the establishment of a
reputationfor one product may help to build product equity in other products witlactearistics
common to the first. Becaupeomoters of the first product are not likely to take thesglowprs
into account, a case may be made for externatefito commoditpromotion.

The effects opromotion on export sales are presented in the form of elasticities in table
1. These elasticities combine the direct effeqiromotion on exports and the inelot effect on
exports working through the intastion of equity-stocks discusselnb&e. The short-run
elasticities show that the direct effect may be guortant factor in determiningport sales,
with two of the four own-promotion elasticitiesegter than one. In these two cases, apples and
wine, a 1% increase in export promotion expenditure causes a 5% and a 3% increase in exports,
respectively. In thet®rt-run, the silover effectsfrom other commodities promotion can exert
as great an influence as own-commogitgmotion. For example, a 1% rise in apple promotion
causes almond sales to rise by 0.22% -- albeit a smaditeif isnonetheless greater than
almonds’ own-promotion elasticity. Promoting almonds, grapes, and wine also has a strong
effect on applexgports, with two of the four cross-promotion elasticitiesager thari..O.
Combining the direct effect giromotion with its indiect effect on th@roductivity of other
goods’ promotion imccomplished by estimating longn elasticities.

As other dynamic-dual studies find (Howard and Shumway 1988, Vasavada and Ball,
Weersink and Howal), these long-run elasticity esabes are consistent with th&dhatelier-
Samuelson principle, namely that long-run promotion elasticities are larger in absolute value than

their short-run counterparts. This arisesduse of thdurahlity of promotion investments.



Promotion effects may persistr several periods, thereby causing promotion elasticities to be
many times larger in the long-run than in the short-run.

The effect of graperomotions on apples sal#igstrates an irportant distinction
between the short-run (dict) and longun effect ofpromotion. Grape promotions increase
apple sales in the short-run, but decrease apple sales in the long-run. Thigseases grapes
and apples were found to be dynamic substitutes. Increases in grape promotions, decrease the
effectiveness of appleromotions. Thus, the longer termexfts come to dominate thieast-run
or direct effects. Such negatigeomotion-externalities argue against subsidizing the promotion
of products that extend a negative image to agtaproducts. This is the case for a few other
commodity pairs: wine supply with resgt to applgoromotion, and almond supply with respect
to apple and wine promotion.

Table 1 also presents the short- and long-run price elasticities. Perhapsascrpe
to the model's consistency with the curvature conditions required for dynamic duality, all long-
run elasticities of supply are positive and significantly different from zero. Thesasim
suggest that all exports are inelastic in supply, ranging from 0.534 for wine to 0.027 for almonds.
Although there are no elasticities in the literature with which we can compare these results, they
appear to be reasonable given the relative importance of institutional, infrastructure, and
domestic market constraints on the amount tradedilag8y, the $iort-run elasticities appear
reasonable due to a practical iiipbto increase rport supplies within one year, but
considerably more latitude to divert supplies from the domestic market given sufficient time to

adjust.
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Although individual exporters of these relatively diverse products seem to have little
ability to influence thewgpply of the other products, market development efforts for many
commodities often occur together due to economic or institutional changes in the importing
country. Further, theatt that decisions regardipgomotion are often made through trade
associations, multi-product cooperatives, and the FAS itssdtes the likefiood for significant
interactions ingpply. Indeed, in the majority of cases, the cross-elasticity of supply is both
numerically small and statistically insignificant, but some notable exceptions arise. In particular,
apples and almonds appear to be substitutes in supply and grapes substitute for apples. However,
the relationship between apples and grapes is not symmetric as increasing apple prices cause
grape export supplies to rise, so these products are joint, or complements in supply.

Implications

Given that this study provides evidence of positive externalities to export promotion both
over time and across commodities, questions of how to make most efficient use of the limited
funds available from either public or pate ®urces becomes the primary issue. This research
provides at least teative sipport for public interest in export promotion, but does not
necessarily suggest that the most efficient solution is a continuation of current means of
providing this support. Subsidies for export promotion are but one way in which exporters can
be made to internalize the benefits over time and to other commaodities of their promotion efforts.
Arising in the private seot, greater oordination between trade associations and individual
commaodity groups may help exporters realize the synergies available from developing specific
foreign markets for complementary products in tandemadty femoving the “policy

uncertainty” that surrounds refunding federal export promotion progeantsyear may serve to

11



reduce the dynamic externality found herein. However, as is the case with any government
program, rent-seekirggtivities by potential beneficiaries may serve tarpsll potential

benefits to society.
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