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Importing countries typically have a fixed capacity to 
inspect plant material—infeasible to examen exhaustively.

APHIS’s Miami Plant Inspection Station (APHIS, 2010). 



Historical observed action rate (by exporter, per shipment)
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Research question: what is the ideal structure and 
benefit of risk-based inspections (RBI)

How should the 
threshold (z) be set to 
distinguish group 
membership?

How do we ensure that 
available inspection 
resources are not 
overburdened?  

How should inspection 
intensity (ρM < ρH) 
differ between them?  

What improvement
(reduction of pest and 
pathogen entry) 
should be expected 
from RBI? 

Medium 
risk group

High risk group
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An Example: Three ‘exporters’



An Example: Inspect 50% of shipments
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An Example: Inspect 50% of shipments



• typical structure: 

• assign to groups based on compliance history
• polluters with worst compliance record subject to 

• more intense inspection,
(1) more frequent, (2) more thorough

• greater fines for violations,
• tougher standards

• enhanced abatement response:

• inspection-driven incentives focused on the dirtiest 
polluters  

• “enforcement leverage” from possibility of  group 
change (Harrington, 1988)

RBI of trade is an application of the idea of 
“state-dependent” monitoring and enforcement 



Model: Two stage game between regulators and exporters

1st Stage: Regulator announces policy parameters: 

Ω = {ρM, ρH, z}

ρM – proportion of inspected shipments in medium risk group, e.g. 25% 

ρH  – proportion of inspected shipments in high risk group, e.g. 100%
z    – compliance threshold for group assignment

a – cumulative historical infestation rate (by exporter, per shipment)

a ≥ z  exporter assigned to high risk group

a

p
m

f

Med. High

inspection intensity:
ρM, ρH

z: threshold
Regulator objective: 
Minimize expected 
accepted infestation 
rate (EA)



Model: Two stage game between regulators and exporters

2nd Stage: Given regulator’s policy, exporters choose their 
level of sanitary/phytosanitary effort (“abatement”) to 
minimize their expected losses.



Model: Two stage game between regulators and exporters

2nd Stage: Given regulator’s policy, exporters choose their 
level of abatement to minimize their expected losses.

a

p
m

f

Med.
High

z: threshold

• Exporter’s 
expected losses: 

• Abatement

• Inspections

• Detections
• Exporters 

consider their 
likelihood of 
moving from the 
medium to high 
risk group (and 
vice versa)

a ≥ z exporter 
assigned to high 
risk group

• a: cumulative historical infestation 
rate (by exporter, per shipment)

• cumulative compliance record, with 
memory loss



Model parameters are based on 2012 data, 
expert opinion or calibrated



Results (homogeneous exporters): 
1. As expected, uniform policy creates a uniform response 
until banning cutoff (a = 0.20) becomes salient.
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2. Though medium group is inspected with less intensity
under RBI (relative to uniform), enforcement leverage 
means they have an incentive to invest in more abatement 
effort. 
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Optimal RBI

Inspection intensities



3. The high group has an increased incentive to abate in 
the neighborhood of the threshold.
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4. Expected costs of 
inspections…
 increase for exporters 
substantially above the 
cutoff

 decrease for exporters 
below or near the cutoff

discounted 
expected long-run 

exporter costs of 
inspections
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5. RBI enhances abatement incentives, shifting the 
distribution of cumulative infestation rates down towards 
and across the threshold.

Uniform inspection policy:
ρM = ρH = 0.69

RBI policy:
ρM = 0.28 z = 0.012
ρH = 1.00 λ = 0.57

ρ – inspection intensity
z – threshold
λ – share in high risk group



We extend the model to consider exporter heterogeneity 
in (1) infestation rate and (2) shipment frequency



6. The optimal policy reduces EAIS by 1/5 over the uniform 
baseline.  

best

uniform/
baseline

Expected accepted infested shipment (EAIS) rate 
(heterogeneous exporter model)

Share of 
shipments in 
high group

High group 
big, intensity 
slightly higher

High group 
small, intensity 
much higher

High group med., 
intensity much higher



7. The optimal policy is to inspect those with a > z = 0.0002% at a 
rate of ρH=100% and the rest at ρM=28%. λ=57% of shipments are in 
high.

(heterogeneous exporter model)



Conclusions

• Extension of state-dependent, enforcement leverage 
model to inspections of international trade

• RBI policy:

• Place the riskiest λ = 57% of exports in high 
group and inspect those shipments with 
certainty (ρH = 100%).

• Inspect medium group with a probability of     
ρM = 28%.

• Reduces the number of EAIS by 1/5.

• Caveat: group threshold to announce (zλ) is sensitive 
to heterogeneity in exporters.


