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Border Inspection and Trade Diversion:

Risk Reduction vs. Risk Substitution

Qiong Wang, Eli P. Fenichel, and Charles A. Perrings

Introduction

International trade increasingly brings previously separated geographical regions into

contact with one another and increases the frequency of those contacts. These trends

bring many benefits to the trading partners involved, but increasing international

trade also facilitates the spread of pathogens and increases disease risks. The rapid

growth of trade, transport, and travel across national borders has increased the

frequency of introduction, establishment, and spread of invasive infectious pathogens

(Jones et al. 2008). The development of new trade pathways and the growth in

the number and volume of commodities traded increase the likelihood that novel

infectious pathogens are introduced to importing or stop-over countries. The growth

in trade volumes has increased the risk that introduced pathogens establish and

spread, because it has increased the frequency with which infectious pathogens are

introduced (Cassey et al. 2004; Dalmazzone 2000; Semmens et al. 2004). Other

factors such as the bioclimatic similarities between trading partners, the vulnerability

of ecosystems in the importing countries, and risk management policies adopted by

both importing and exporting countries also influence the risks of invasive infectious

pathogens (Wiens and Graham 2005).

The impact of infectious diseases on human wellbeing may be direct or indirect.

Infectious pathogens cause indirect effects by successfully establishing in novel

environments, which can lead to irreversible functional and structural change in local

ecosystems including extinction of species (Collins and Storfer 2003; Gurevitch and

Padilla 2004; Lips et al. 2006; Williamson 1996). For example, avian pox and
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avian malaria significantly contributed to the extinction of endemic Hawaiian birds

following the pathogens introduction from Asia (Simberloff 1996). Chytrid fungus,

an emerging infectious disease of amphibians, is playing a major role in the global

decline of amphibian populations (Daszak et al. 1999).

Many emerging diseases are zoonoses, they can be transmitted from non-human to

human hosts, and cause direct impacts on people (Cleaveland et al. 2001). Examples

include H5N1 (Kilpatrick et al. 2006), West Nile virus (Lanciotti et al. 1999),

and SARS (Guan et al. 2003; Li et al. 2005). In addition to the potential for

zoonoses, animal pathogens impose substantial economic costs on agricultural

producers. Invasive pathogens have caused substantial economic losses in

agriculture, forestry, and other segments of the U.S. economy (Pimentel et al.

2000, 2002, 2005). Losses include both the direct costs of control, and the forgone

benefits of trade interruptions. The outbreak of foot-and-mouth disease (FMD) in the

U.K. in 2001, for example, caused the European Union to ban Great Britain from

exporting livestock, meat, and animal products to non-British member countries,

resulting in substantial trade losses. By the time the outbreak had ended, FMD had

cost the U.K. £8 (approximately $16) billion. Thirty-nine percent of the costs, £355

(approximately $710) million, were borne by agricultural producers (DEFRA 2002).

Losses due to trade restrictions and business interruption can motivate disease

eradication programs even in cases when the direct productivity losses are not great

(Horan and Wolf 2005). The potential economic damage associated with animal

pathogens motivates significant investment in mitigation strategies that prevent the

introduction of pathogens or control their spread. For example, the U.S. spends

approximately $106 million each year on the inspection and control (detection,

eradication, etc.) of bovine tuberculosis costs (Wolf et al. 2008).

The primary source of novel animal disease risk is international trade in animal

products (Otte et al. 2007; Pavlin et al. 2009). Other things being equal, higher trade

volumes increase the cumulative probability that infectious animal pathogens appear

at the border, while higher levels of screening effort at the border reduce

the probability that pathogens that appear at the border are dispersed within the

country (Perrings et al. 2010). To address these risks, importing countries typically

adopt a range of border control measures extending from outright bans on trade in

risky goods, or with risky trading partners, to inspection and interception regimes

designed to reduce the likelihood of the introduction of infectious pathogens. Such

unilateral defensive measures are the only measures allowed under the General

Agreement on Tariffs and Trade (GATT) and the 1994 Sanitary and Phytosanitary

(SPS) Agreement (Perrings et al. 2010). In all cases, the cost of these measures is

borne by the trading parties, and hence directly affects the cost of imported goods. If

we define the landed postinspection cost of imports to be the c.i.f.i. price – cost,

insurance, freight, inspection – then any positive level of inspection (and intercep-

tion) implies that the c.i.f.i. price of imports is strictly greater than the c.i.f. price.

There is a considerable body of work addressing the appropriate level of

inspection and interception effort that relates the direct costs of inspection to the

expected damage costs of introductions (Leung et al. 2002; Caley et al. 2006;

Batabyal 2007; Finnoff et al. 2007; Keller et al. 2007; Springborn et al. 2010).

Others have focused on the design of institutional measures to reduce invasion risk.

Perrings et al. (2010) show that the risks of invasive infectious pathogens depend
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both on factors that influence trade volumes and the SPS measures undertaken by

trading partners. Horan and Lupi (2005) develop a model of tradable risk permits

for invasive species. They show that tradable risk permit systems potentially have a

greater risk reducing affect than uniform quotas or taxes do to the heterogeneous

risks that different sources provide. McAusland and Costello (2004) analyze the

effectiveness of potential policies such as tariffs and inspection and interception to

combat the potential risk of invasive infectious pathogens introduction. They

conclude that tariffs do not always safeguard against the introduction of invasive

infectious pathogens. Kohn and Capen (2002) show that institutional policies

discouraging international trade may increase environmental damage by invasive

infectious pathogens if change in the composition and volume of international trade

unexpectedly creates new opportunities for invasive infectious pathogens.

There is relatively little work on the effect of direct risk-reducing measures such

as inspection and interception on the structure of trade. Inspection and interception

changes the cost of importing good, and any change in the cost of imports will induce

a response on the part of importers. Ameden et al. (2007) present a model of strategic

firm behavior where importers respond to inspection regulations. Their model

suggests that importing firms may decrease imports and engage in avoidance

behavior (e.g., smuggling or port-shopping – the process of importing through

ports with less stringent regulation). Many third-party logistics providers maintain

databases to help identify least cost and least time ports, attributes importers might

uses as proxies for regulations. These data are intended to identify the most efficient

shipping routes from the firm’s perspective, which likely means avoiding more

stringent regulations. Ameden et al. (2007) also suggest that firms may engage in

lower protection investments with more stringent inspection because the expected

profit from importing goods is reduced by the expect inspection costs. Empirical work

also confirms that firms respond to different border inspection effort by choosing

alternative ports with less border inspection (Ameden et al. 2009). Alternatively,

importers with nimble supply chainsmay respond by sourcing substitute commodities

from elsewhere, which will affect the risk of importing an animal disease. Trade

diversion affects the structure of risks and since the risks from invasive infectious

pathogens depend on the origin of the traded commodities, such trade diversions affect

the efficiency of inspection and interceptionmeasures adopted by importing countries.

We fill a gap in the literature by considering how inspection and interception

regimes induce both supply and demand responses for the commodities affected

(Fig. 7.1). We consider the impact of these responses on disease risks, and outline

the importance of incorporating market responses into the choice of inspection and

interception regimes. We build on the work of Ameden et al. (2007) and specifically

show the need to consider the importer’s response to border inspection regimes.

Infectious Disease Risks Are an Externality of Trade

Trade creates private benefits for consumers and importing firms. However, at the

same time trade may introduce infectious pathogens that cause damage both to

the local economy and the natural environment – a public risk. The private nature of
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the benefits and public nature of the costs implies that the infectious disease risks

of trade will be excessive from a social perspective – the risk is an externality.

Private consumers and importers will not generally consider the public risks that

their private activities produce.

An importer’s choice of supply sources depends on the expected costs of

importing (supply costs) – including the costs associated with inspection and

interception. Demand for substitute commodities depends on the relative prices

of those commodities and the elasticity of substitution between pairs of

commodities, which is dependent on consumer preferences. Market interactions

drive what ultimately gets imported – including the pathogens that accompany

traded goods.

Risk is the product of the probability and consequences of a stochastic event.

Risk can be reduced by reducing either the probability of the event or the costs it

is expected to impose. Public border protection agencies engage in inspection and

interception activities to reduce the probability of pathogen introduction –

a risk mitigation strategy (Perrings 2005). Post invasion control or adaptation

Fig. 7.1 A decision tree illustrating importing firm k’s decision: pi is the market price of good i,
mi,k is the import volume of good i by firm k, superscripts indicate more (1) or less (0). The term c
is firm k’s private costs of importing, where ei and ej are costs associated with the inspection. The

importer’s decision is illustrate with the box, and the importer generally takes the border

regulator’s decision (circle) as a stochastic event with a given distribution (though in the long-

run the importer may attempt to influence the regulator) and forms expectations over ei and ej. The
firm chooses the import level to maximize the payoff conditional on its own cost structure and its

expectation of inspection. If the regulator recognizes this structure, and if the goal is to minimize

total social costs, then the regulator takes the firm behavior as endogenous when solving for its

inspection effort program. If the regulator never targets, then the firm only considers payoffs

2 and 5, and the import portfolio is determined by market conditions. When the regulator

differentially targets goods (or sources) i and j, then trade diversion will occur and the firm

compares the expectation of payoff 1 and 3 with the expectation of payoff 4 and 6 and chooses

the allocation that leads to a greater expected payoff
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strategies are often left to other governmental agencies. However, if a public border

inspection agency is to balance the social benefits (e.g., consumer and producer

surplus) from trade with the public risk of a novel infectious animal disease, then

the agency must account both for the actions of other agencies and decentralized

importer and consumer behavior. The border inspection agency does not directly

control the quantity of goods imported, the price of those goods, or the management

response to a pathogen introduction. The border agency can, however, consider the

importing firms’ incentives. Firms’ choices with respect to trade volume, source,

and commodity affect the risk of pathogen introduction directly, but the border

inspection agency can influence this decision by adjusting inspection effort and

hence the cost of various goods or goods from various trading partners.

Springborn et al. (2010) discuss two potential inspection strategies for managing

the risks posed by potentially invasive infectious pathogens. The first involves

focusing inspection effort on known high-risk imports. There are two potential

problems with this strategy. First, it ignores the risk posed by new commodities or

new trade routes – the problem of fundamental uncertainty. Second, it is not clear a

priori whether inspection is best allocated to low probability but high potential cost

imports or to imports for which the cost of inspection is low. Springborn et al.’s

second strategy is to allocate a fraction of prevention effort on unknown risky

imports, and use a Bayesian updating process to information future allocation of

inspection effort. In practice, this second strategy implies a broader inspection

effort where learning is explicitly part of the management objective. The second

strategy is essentially an adaptive management strategy (Walters 1986). Neither of

Springborn et al.’s strategies explicitly account for substitution and trade diversion

effects, though both could be adapted to do so. A reasonable hypothesis is that

targeted inspection regimes would have greater affect on the structure of trade

creating a moving target.

Following Springborn et al. (2010) and Ameden et al. (2007), we explore the

case where the border inspection agency’s objective is to minimize the social cost

of an introduced disease that results from imports of either particular commodities

or from particular countries. The social costs comprise the expected damage costs

of an introduced pathogen including expected control costs, the direct cost of border

inspections, and the expected indirect costs to consumers and importers of the

inspected goods in terms of lost surplus. Inspection has two effects on risk.

The intended effect is that inspection directly reduces the probability that a novel

pathogen will be imported. This constitutes a direct benefit. A secondary effect

follows from the fact that the direct cost of border inspection functions like a tax on

imports. Importing firms incur additional costs due to inspection (e.g., inspection

fees, time delays, and the risk that some goods will test positive and will be

rejected). This “tax” affects the market clearing price of the inspected good.

This in turn affects the quantity demanded of the inspected good and the quantity

demanded of substitute goods. The substitution effect influences trade composition

and volume and has implications for the expected damages of associated with

substitute commodities or substitute suppliers in the resulting supply and demand

shifts generate indirect benefits and costs.
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A Model of Risk Substitution

We develop a simple model to illustrate the potential for risk substitution to show

how substitution between goods can affect both the cost of inspection regimes,

and the risks faced by the importing country. We consider a country that imports

goods from two sources (i.e., there are two exporting countries, country i ∈ {1, 2},

j 6¼ i each supplying a single good) to simplify analysis. We assume that importers

operate in a competitive market that clears, but neglect the social costs of disease

risk. Furthermore, we assume that the goods imported from countries 1 and 2 are

substitutes, that countries 1 and 2 have different characteristics yi, and that these

characteristics affect the probability that the country is the source of an infectious

pathogen. The risk to the importing country depends on trade volumes, mi, inspec-

tion effort, ei, and country-specific factors such as bio-climatic conditions. If the

border inspection agency in the importing country had perfect information about

the probability that a specific exporter would introduce a pathogen, then the

inspection service might be expected to target inspection by exporter – i.e., adopt

the first strategy identified by Springborn et al. (2010). However, for the inspection

program to be efficient, the inspection regime should account for substitution

effects on the volume of imports from other countries. This should affect the

distribution of inspection effect across risk sources.

A border inspection agency chooses a vector of inspection efforts, e for the

vector of imported goodm (where e ¼ fei; ejg;m ¼ fmi;mjg) to minimize the sum

of three cost components, C: the direct costs of border inspection and interception;

W(e): the forgone producer and consumer surplus from the tax effect of the

inspections; �S(x), where x is a vector of goods consumed, x ¼ fxi; xjg; and the

expected cost or the risk of disease introduction gðe;m; yÞZ, where g is

the probability that pathogen is introduced conditional on inspection effect, e is

the volume of imports,m is the exporter specific characteristics, y and Z is the cost

associated with any control program and disease related damages. Formally,

the border inspection agencies problem is

MinC
e

¼ WðeÞ � SðxÞ þ gðe;m; yÞZ: (7.1)

We make two general observations before discussing each term in detail.

First, the prices paid by consumers for good xi must adjust so that the market clears

and xi ¼ mi. The quantity xi denotes goods demanded, and mi denotes goods sup-

plied. Second, in practice, optimal detection, prevention, and control of an invasive

animal pathogen are a dynamic problem. Prior work (reviewed in Horan et al. 2010

and Horan et al. 2011) and chap 6 in this book (Horan et al. 2012) discuss the optimal

control of an animal pathogen once it has been introduced and detected. To show

the effect of inspection on the substitution between imported goods, however,

we assume that damage costs are fixed at Z, and that these reflect the optimal level
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of control after introduction of infectious pathogens occurs.1 This enables us to treat

the border agency’s problem in static framework. Our approach can, however, easily

be extended to the dynamic context using the approach of Springborn et al. (2010).

The direct cost of inspection, W(e), depends on the level of inspection effort

invested at the border. We assume that more effort leads to higher costs, W0(e) > 0.

The border inspection agency must also consider the losses from any reduction of

trade or price effects caused by the increased transactions costs associated with

boarder inspection. This is the loss of surplus, �S(xi, xj), associated with the “tax”

effect of the inspections. To simplify the problem, we assume that there is no local

production of substitute goods (though an extension to include a local market would

be straightforward).

First, consider the effect of border inspection if surplus were only a function

of one good, xi. Assume that good xi is imported by a competitive group of price-

taking importing firms, such that the marginal firm earns zero economic profit.

Inspection regimes may directly charge importers for goods inspected or may

impose additional storage costs and longer transit times. This shifts the supply

curve for the good upwards and reduces the quantity of good xi demanded while

increasing the price of the good (Fig. 7.2).

In a two good system, the demand for good xj depends on the prices of the goods
i and j. Consumers make decisions about how much of each good to consume as a

result of the new prices (Fig. 7.3), the resulting allocation reflecting both income

and substitution effects. The income effect results in a loss of surplus; however,

the ability of consumers to substitute an alternative good offsets some of the

potential utility loss. It follows that, the loss of consumer surplus depends on the

elasticity of substitution between the goods. If the goods are perfect substitutes,

then only the lower priced good would be consumed, and when the price of good xi
increases society reduces consumption of good xi up to the point where good xj
becomes the lower priced good. After which good xi is not consumed and mi ¼ 0.

When the elasticity of substitution is finite, the consumption of both goods will

change.2 This change in the demand for good xj has a feedback effect on the demand

for good xi so there is also a demand shift for good xi (Fig. 7.4).
The third term in the border inspection agency’s problem is the expected damage

from introduced pathogens or the risk of disease. The probability of introducing a

pathogen from country i is a function of the volume of trade from country i, the
characteristics of country i, and inspection effort directed at goods from country i.
Let gi represent the probability that an infectious pathogen is introduced from

country i into the country i, so that gi ¼ giðmi; ei; yiÞ, with @gi=@mi > 0 and

1 Even if the likely response were to be suboptimal, the expected damage of the future response

that should be determined prior to the inspection effort needs to be determined.
2While we focus on substitute goods, if goods and xi and xj were complements, then the reduced

quantity demanded for xi would also reduce the demand for xj potentially creating greater welfare

loses, but also potential additional risk reductions.
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Fig. 7.3 How a representative consumer substitutes between goods. Summing over consumers

can lead to increases in import volume of other goods. ðx0i ; x0j Þ are a representative customer’s

initial preferences of trade goods from country i and j. ðx 0i ; x 0j Þ are the final preference choices of
good i and j after a price increase due to higher inspection cost. This preference change includes

substitution effect and income effect. Trade reduction from country i, xi will lower the risk of

pathogen introduction; while at the same time, trade increase from country j, xjmay cause new risk

of pathogen introduction

Fig. 7.2 The market for imported good mi. The line mi indicates the import quantities and prices

of goodmi at an initial level of inspections. The linem
0
i indicates the import quantities and prices of

good mi in with a more stringent level of border. With inspections the domestic market price of mi

increases from p to p0. The loss of produced and consumer surplus is illustrated by the black
triangle
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@gi=@ei < 0. We note, however, that mi ¼ miðe;m�i; dðxiÞÞ wherem�i is the vector

of all goods except i.
If the probability of pathogen introduction by countries i and j is statistically

independent, then

gðe;m; yÞ ¼ gi þ gj � gigj: (7.2)

Since the cost of infection is not dependent of the source, (7.2) indicates that the

risk of infection is jointly determined by the volume of trade in and inspection of

goods from all sources.

In much of the animal health and invasive species literature, risk is assumed to

be independent of human prevention activities or exogenous (e.g., Leighton 2002;

Caley et al. 2006; Gubbins et al. 2008). Therefore, if the surplus effects are ignored

(i.e., S(x) ¼ 0), then one might reason that the marginal cost of increased inspec-

tion, W0(ei) should be set equal to the marginal benefits from reducing risk, @g=@ei
for all countries independently. However, the same forces that change demand

and supply resulting from the costs imposed by border inspections, also drive

changes in m. Assuming market clearing conditions, m ¼ x, importing firms

and consumers cause the market to reach a new equilibrium in terms of

quantities, x, and prices, given a level of inspection effort. Therefore, the inspection

agency’s choice of e affects both the cost of inspection and consumer surplus, S, and
has both a direct and an indirect effect on the probability of pathogen introduction

through g.

Fig. 7.4 The market for demand good mi. When inspection on good from country i increase,
market price of good i increase too. This leads to customer to look for substitutable goods. And

hence demand for xi shifts from d to d0; correspondingly, trade volume decrease from mi to m0
i
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It follows that the choice of e has three effects on risk. First, an increase in

inspection effort directly reduces that probability that an infectious agent makes it

into the country. This reduces the risk of infection. Second, an increase in ei increases
the price of xi decreasing the quantity of xi demanded, and therefore the volume of

good i imported (mi). This decrease inmi is expected to reduce risk, all else equal. This

implies that a given level of risk reduction may require less inspection effort when the

price effects of the inspection program are considered. Third, assuming that goods i
and j are substitutes, then an increase in the price of good i will increase the demand

for good j from country j. If country j’s specific characteristics are such that country j
has a significantly higher probability of introducing a pathogen conditional trade

volume than country i, then it is possible that increases in ei could actually increase

g through gj, consistent with the finding of Kohn and Capen (2002). The opposite is

also true if country j is considerably less risky, since ignoring the substitution effect

would result in over-investment in inspection. Therefore, in addition to country

specific characteristics, the elasticity of substitution among goods is important for

devising efficient border inspection programs.

Formally, it is possible to find the optimal inspection effort directed at good i by
differentiating (7.1) with respect to ei.

@C

@ei
¼ @W

@ei
� @S

@x

@x

@ei
þ Z

@g
@ei

þ Z
@g
@m

@m

@ei
¼ 0: (7.3)

The first right-hand-side (RHS) term is the marginal direct cost of increasing

inspection effort. The second RHS term is the indirect cost associated with a loss of

producer and consumer surplus as a result of the costs imposed on the market by the

inspection program. The third RHS term is the direct marginal risk reduction

associated with an increased probability of intercepting a pathogen with increased

effort – a benefit. The final RHS term is the indirect effect on risk of the shifts in

market supply and demand as a result of the inspection effort. This term includes

own price effects that reduce risk, and cross-price effects that have an ambiguous

effect on risk.

Now consider what happens as the number of source countries and goods gets

large. If a country has a large number of trading partners and imports a large number

of goods, then it is likely that there will be a close substitute for inspected goods.

If the highest probability goods are targeted, then we may expect inspections to

induce substitution, i.e., inspections reduce the probability that a pathogen crosses

the border and the substitution effect reduces the volume of trade in the risky good.

If this were the only effect, then we would expect little welfare loss because a large

number of substitutes increases the probability of finding a close substitute.

However, as the number of trading partners increases, the differences among the

yi’s likely decrease. This implies that the substitute good becomes more likely to

also introduce a pathogen (though perhaps a different pathogen). Spillover effects

of inspection efforts increase, and targeting risk becomes more complicated with a

large number of trading partners and commodities.
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Case Studies

To provide a preliminary test of the strength of substitution effects on disease risks

we consider three cases. The first of these is bovine tuberculosis in the U.S.

Wolf et al. (2008) analyze effect of different levels of bovine tuberculosis inspec-

tion on cattle imports from Mexico to the U.S. Bovine tuberculosis is endemic in

Mexico, but only occurs in isolated areas in the U.S. that are close to the Mexican

border or associated with a wildlife reservoir (e.g., in Michigan where bovine

tuberculosis is endemic in wild deer). Wolf et al. showed that more prevention

effort leads to an increase of the price of cattle in U.S. markets and changes the

quantity demanded of cattle and other goods. They considered multiple levels of

border inspection intensity, including a ban on all Mexican cattle. Their analysis

showed that a ban on importing Mexico cattle would increase U.S. prices for beef

and live steers. A ban lasting 5 years would increase the retail price of live steers by

$6.02 per cwt and the retail price for beef by $8.78 per cwt. Supply and consum-

ption of beef were projected to decline by 3,135 million pounds. Wolf et al.

considered an alternative strategy that allowed imported Mexican cattle subject to

increased testing for bovine tuberculosis at the border. This increased the cost of

each animal imported, the cost of additional inspection being estimated to be 2.4%

of the value of the animal (Federal Register, Vol. 69, No. 138).

A second case is bovine spongiform encephalopathy (BSE). Most U.S. cattle

imports come from Mexico and Canada. It is a reasonable hypothesis that a ban on

cattle from Mexico would increase demand for Canadian cattle. In December 2003,

a cow in the U.S. tested positive for BSE. This cow had been imported from Canada

(CDC 2010), which – as of February 2010 – had reported 18 additional cases of

BSE (CDC 2010). The detection of a BSE positive cow in the U.S. induced trade

restrictions on U.S. cattle that resulted in significant trade losses as well as domestic

adaptation costs; these losses were not “disastrous” due to a combination of unique

market conditions (Mathews et al. 2006). Nevertheless, it seems feasible that in

addition to the costs of additional inspection of Mexican cattle reported by Wolf

et al., there is also the potential for increased disease risk from cattle from

other sources.

The detection of a single infected cow in the U.S. led almost 15 countries to

ban U.S. beef and cattle products. In 2004, U.S. beef export declined dramatically

(Fig. 7.5). However, the world beef export volume continued to increase (Fig. 7.5),

which suggests that countries substituted beef and cattle products from other

sources. Three of the four largest importers of U.S. beef (Japan, South Korea, and

Mexico) increased imports from Australia, New Zealand, and South America to

substitute for U.S. beef and beef products (Mathews et al. 2006) and total exports

from these countries increased (Fig. 7.6). Interestingly, New Zealand has suffered

from ongoing bovine tuberculosis infections and South America has suffered from

ongoing foot and mouth infection (OIE Handistatus database II, http://www.oie.int/

hs2/report.asp?lang¼en). Therefore, these changes in sourcing beef and cattle

products may have increased the overall exposure of these countries to reinfection

from these pathogens. This is particularly true for Mexico, which had experienced
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its last FMD outbreak in 1954 (OIE Handistatus database II, http://www.oie.int/hs2/

report.asp?lang¼en).

BSE affected trade within Europe (Mathews et al. 2003). Outbreaks of BSE in

the U.K. caused importing countries to ban the imports of live cattle form the U.K.

Fig. 7.5 U.S. and World beef and veal exports from 2001 to 2007. Though U.S. beef and veal

exports declines dramatically in 2004, world exports increased instead

Fig. 7.6 Cattle exports from Brazil, Australia, Argentina, and New Zealand from 2001 to 2007.

These are BSE free countries during these years. All export volumes increased after 2004, after the

U.S. detected BSE
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and increased expenditures for BSE inspection and interception. Data show that

after outbreaks of BSE in U.K. in 1996, the export of beef and live cattle from U.K.

dramatically declined. However, data also show that world beef imports remained

stable in that period. This implies that beef imports were resourced. Following the

ban on U.K. cattle, the range of the livestock disease bluetongue expanded into

northwestern Europe. This range expansion is generally attributed to climate

change (Purse et al. 2008). However, Jones et al. (2008) found little evidence for

climate related shifts in vector-borne pathogens such as blue tongue, and shifts in

trade patterns cannot be ruled out.

Conclusion

To establish inspection policies that aim to minimize the sum of expected costs and

damage, it is important to consider the market response to any inspection program.

Prior work has largely focused on the direct costs and direct expected benefits

associated with increases in expected inspection efforts and disease risk mitigation.

Inspection programs have the potential to cause indirect effects through changes in

importer behavior (see Ameden et al. 2007 for other types of firm response then

those discussed here). The incentives that inspection efforts provide for importers to

re-source goods or change import volumes have received less attention. To date,

there appears to be two distinct literatures. The first literature largely focuses on

how to balance the marginal cost of inspection effort with the marginal risk

reductions from increased probability of mitigating against pathogen introduction.

The second literature focuses on the use of market-based policy instruments that

provide incentives for individual agents to internalize and reduce risk. Yet, inspec-

tion programs likely do both. In this chapter, we have laid out how inspection

programs may also provide incentives for importing agents to alter their importing

behavior. We also show that if these incentives are not considered, there is the

possibility that additional inspection effort could increase risk.

Costello et al. (2007) provide evidence that biogeographic similarity and trade

volume is important for identifying the probability that a trading partner will

introduce an invasive species. Perrings et al. (2010) find similar results for invasive

animal pathogens. The ability to identify such probabilities through easily observed

proxies has lead to many recommendations for invasive species inspection

programs (e.g., Caley et al. 2006; Keller et al. 2007). Although extremely useful,

this information is insufficient to design an efficient inspection and interception

program. It is important to account for the alternative goods that will arrive as a

result of trade diversions from the increased cost of importing goods that are

perceived to be more risky. Not considering these effects likely results in too

much effort being spent on some goods or some sources and not enough on others.

For this reason, we believe that it is important to build substitution and trade

diversion effects into the design of inspection programs.
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