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PREFACE 

Stephanie Bloem1 
 

1. Executive Director for the North American Plant Protection Organization 

The internationally accepted Glossary of Phytosanitary Terms (ISPM 5) defines a national plant 
ǇǊƻǘŜŎǘƛƻƴ ƻǊƎŀƴƛȊŀǘƛƻƴ όbtthύ ŀǎ ǘƘŜ άƻŦŦƛŎƛŀƭ ǎŜǊǾƛŎŜ ŜǎǘŀōƭƛǎƘŜŘ ōȅ a government to discharge 
the aŎǘƛƻƴǎ ǎǇŜŎƛŦƛŜŘ ōȅ ǘƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ tƭŀƴǘ tǊƻǘŜŎǘƛƻƴ /ƻƴǾŜƴǘƛƻƴ όLtt/ύέΦ ¢ƘŜǎŜ ŦǳƴŎǘƛƻƴǎ 
encompass all actions needed to protect the plant resources of a country from the introduction 
and/or spread of plant pests. In addition to the roles stated in the text of the IPPC (FAO, 1997), 
NPPOs are encouraged to align their plant health or phytosanitary measures with adopted 
international standards for phytosanitary measures (ISPMs) developed by the IPPC. This 
alignment promotes harmonization of phytosanitary measures and is a central element of both 
the IPPC and the World Trade Organization Agreement on the Application of Sanitary and 
Phytosanitary Measures (the WTO-SPS Agreement). 

As stated in the IPPC, inspection of consignments of plants moving in international trade and, 
where appropriate, inspection of other regulated articles to prevent the introduction and/or 
spread of pests is an NPPO function. Inspection is the most widely used phytosanitary measure 
around the world, is supported by two specific ISPMs (see below) and is mentioned in many other 
adopted ISPMs.  
 
ISPM 23 (Guidelines for Inspection, adopted in 2005) describes procedures for inspection of 
ŎƻƴǎƛƎƴƳŜƴǘǎ ŀǘ ƛƳǇƻǊǘ ŀƴŘ ŜȄǇƻǊǘΦ Lǘ ŦƻŎǳǎŜǎ ƻƴ ǘƘŜ ŘŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ŀ ŎƻƴǎƛƎƴƳŜƴǘΩǎ 
compliance with phytosanitary regulations, based on visual examination, as well as on verification 
of documentation, identity, and integrity of the consignment. 

ISPM 31 (Methodologies for Sampling of Consignments, adopted in 2008) provides guidance to 
NPPOs in selecting sampling methodologies for inspection (or testing) of consignments to verify 
compliance with phytosanitary requirements. The methodologies are based on several common 
(statistically based) sampling concepts and include parameters such as acceptance level, level of 
detection, confidence level, efficacy of detection and sample size, and result in data with an 
associated statistical level of confidence.  

ISPMs 23 and 31 tell us that inspection: 

¶ is a (phytosanitary) risk management procedure; 

¶ should be technically justified and fairly applied in the same way as other phytosanitary 
measures; 

¶ is sampling and, as such, should consider sampling concepts; 

¶ can have a deliberate design ς statistical or non-statistical;  
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¶ data derived from well-designed schemes is a key source of information for risk analysis 
and resource management (including inspection personnel and budgets to fund this 
activity). 

Sampling methodologies that are not statistically based (such as convenience, haphazard, 
percentage-based or selective sampling) may provide valid data on the presence or absence of a 
regulated pest, but limited statistical inferences can be made from the data. It is also important 
to remember that even though inspection using statistically based sampling methodologies 
provide results with a certain level of confidence, they cannot categorically prove the absence of 
a pest from a consignment ς therefore NPPOs must accept some degree of risk that non-
conforming consignments may not be detected during inspection.  

 

Laboratory selection of fruit samples for inspection and testing.  
Source - https://twitter.com/ICACOLOMBIA/status/1247576792145301506/photo/1 

 

ISPM 20 (Guidelines for a phytosanitary import regulatory system, adopted in 2017) indicates that 
inspections may be conducted at the point of entry (import), at points of trans-shipment, at the 
point of destination or at other places, such as major markets, provided consignment integrity is 
maintained and appropriate phytosanitary procedures can be carried out. Bilaterally agreed 
inspections may also be done in the country of origin (export) as a part of a pre-clearance program 
in cooperation with the NPPO of the exporting country. Phytosanitary inspections may be applied 
to all consignments as a condition of entry or as a part of an import monitoring program where 

https://twitter.com/ICACOLOMBIA/status/1247576792145301506/photo/1
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the level of monitoring (i.e., the number of consignments inspected) is established based on 
predicted risk.  

ISPMs 23 and 31 were adopted more than 10 years ago but their implementation has fallen short 
of expectations even though the fate of thousands of consignments around the world is decided 
every day based on inspection for both the certification of exports and the clearance of imports. 
Proper implementation of these ISPMs requires a common understanding of the conceptual, 
operational, and policy consequences of different inspection designs and their relationship to the 
principles of safe trade (Griffin, 2017).  

Many NPPOs currently use inspection designs that result in data that is not as useful for risk 
management decisions as it could be. In many cases this is because the conceptual background 
for inspection is not well-understood by NPPOs. Historical thoughts on inspection were that its 
purpose was to find pests, establish or confirm their identification, determine their regulatory 
status, and then take the appropriate (risk management) action. This way of thinking resulted in 
countries focusing their inspection data gathering efforts on lists of pest interceptions and action 
records on those pests and not on the results of inspection that produced negative finds (where 
the data point for inspection = zero pests found).  
 
The WTO-SPS Agreement tells us that inspection is a phytosanitary measure and must be fair, 
technically justified and applied consistently for similar situations and risk levels. As such, 
inspection designs should follow relevant international standards (ISPMs 23 and 31) and pest-
actions resulting from inspections should be based on Pest Risk Analysis (PRA), appropriate 
adopted ISPMs, or emergency (urgent) measures. 
 
The RBS Manual Part I is one of the deliverables resulting from the first International Symposium 
for Risk-Based Sampling co-organized by the North American Plant Protection Organization 
(NAPPO) and the United States Department of Agriculture, Animal and Plant Health Inspection 
Service, Plant Protection and Quarantine (USDA-APHIS PPQ). The Symposium was held in mid-
2017 in Baltimore, Maryland, USA. The primary objective of the Symposium was to promote 
harmonization though a common understanding and shared experiences in the implementation 
of ISPMs 23 and 31. The Symposium Agenda was designed by an RBS Steering Committee 
composed of subject matter experts from the three NAPPO member countries. The Symposium 
was attended by 122 participants from 27 countries.  Symposium speakers and participants 
included professionals representing 31 government agencies, 4 academic institutions, 15 
industries and 3 international organizations. A Symposium Proceedings was published in 2018 in 
English and Spanish and is available electronically at: 
https://www.nappo.org/application/files/4215/8746/3813/RBS_Symposium_Proceedings_-
10062018-e.pdf and 

https://nappo.org/application/files/8915/9350/0775/RBS_Symposium_Proceedings_-
_10062018-s.pdf  
 
Since publishing the Symposium Event Report available at ς 
https://www.nappo.org/english/workshops/2017-International-Symposium-for-RBS and 

https://www.nappo.org/application/files/4215/8746/3813/RBS_Symposium_Proceedings_-10062018-e.pdf
https://www.nappo.org/application/files/4215/8746/3813/RBS_Symposium_Proceedings_-10062018-e.pdf
https://nappo.org/application/files/8915/9350/0775/RBS_Symposium_Proceedings_-_10062018-s.pdf
https://nappo.org/application/files/8915/9350/0775/RBS_Symposium_Proceedings_-_10062018-s.pdf
https://www.nappo.org/english/workshops/2017-International-Symposium-for-RBS
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https://www.nappo.org/espanol/Talleres/2017-Taller-sobre-Muestreo-Fundamentado-en-el-
Riesgo-MFR - NAPPO has continued to raise awareness and promote the implementation of Risk-
Based Sampling though developing, collecting and making available relevant resources on RBS. 
Among these is the Proceedings, a repository of publications relevant to the topic, a narrated 
Training Module, and more recently a Sample Size Calculator and a Practical Exercise comparing 
the results of percentage-based and Risk-Based Sampling. The RBS Manual Part I will be added as 
another resource to assist with the implementation of phytosanitary Risk-Based Sampling. 
 
The RBS Manual Part I can assist/guide NPPOs in reframing their inspection designs in order to 
generate statistically valid data that supports a risk-based approach to inspection. Risk-based 
inspection designs provide a consistent and reliable measure of action rates for high-risk 
commodities, approach rates for pests, and infestation rates for imported consignments. This 
process takes time and is iterative, but ultimately results in inspection programs that are better 
equipped to identify and rank non-compliant imports. Ranking based on pest interceptions and 
their associated action rates will help inspectors and policy makers identify riskier imports and 
then be able to adjust policies and resources (both human and monetary) to maximize the 
effectiveness of their inspection programs. This will result in technically justified inspection 
procedures.  
 
The RBS Manual Part I addresses the fundamentals of RBS, including what, why, and how 
questions. The emphasis of Part I is on developing familiarity with RBS, its benefits, and the 
practical aspects of its implementation.  Part I is designed to provide enough information for early 
steps of implementing the shift to RBS.  Part II of the Manual ς to be published in the future - 
follows with greater technical detail and additional reference material for more in-depth guidance 
on implementation of RBS.  
  

 
  

  

https://www.nappo.org/espanol/Talleres/2017-Taller-sobre-Muestreo-Fundamentado-en-el-Riesgo-MFR
https://www.nappo.org/espanol/Talleres/2017-Taller-sobre-Muestreo-Fundamentado-en-el-Riesgo-MFR
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1. GLOSSARY AND DEFINITIONS 
 

Acceptance sampling plan: A type of RBS plan where the cumulative results of inspections of lots 

dynamically determine inspection status (e.g., reduced, or standard) (NAPPO, 2017). 

Acceptable level of risk: Concept through which an acceptable probability level for pest 

introduction is established (Sgrillo, 2004). 

Action rate (or non-compliance rate): The number of phytosanitary actions for a particular 

volume in a specified pathway. The pathway could be a commodity, location, or type of 

movement (e.g., onions, port X, or maritime respectively). When pest detections are used as a 

proxy for pest risk, only actionable pest detections are counted to be risk-based (NAPPO, 2017). 

Approach rate: The number of times a specific pest (or pest group/type) is found associated with 

a particular volume in a specified pathway (NAPPO, 2017). 

Consignment: A quantity of plants, plant products or other articles being moved from one country 

to another and covered, when required, by a single phytosanitary certificate.  A consignment may 

be composed of one or more commodities or lots ό{ŜŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ άƭƻǘέ ōŜƭƻǿ. [FAO, 1990; 

revised ICPM, 2001] (FAO, 2019). 

Efficacy (of a phytosanitary measure): Reduction in the probability of pest establishment that is 

achieved by the application of a phytosanitary measure. For hypergeometric sampling, efficacy 

may be thought of as the proportion of consignments with prevalence above the fixed threshold 

that are detected at a specified confidence level (Sgrillo, 2002). 

Effectiveness of inspection: The degree to which the inspection is successful in finding a pest.   

Establishment (of a pest): Perpetuation, for the foreseeable future, of a pest within an area after 

ŜƴǘǊȅ ώC!hΣ мффлΤ ǊŜǾƛǎŜŘ L{ta нΣ мффрΤ Ltt/Σ мффтΤ ŦƻǊƳŜǊƭȅ άŜǎǘŀōƭƛǎƘŜŘέϐ (FAO, 2019). 

Euphresco: Network of organisations funding research projects and coordinating national 

research in the phytosanitary area, Euphresco is hosted by the European and Mediterranean 

Plant Protection Organization - EPPO. 

Infestation level: The infestation level is defined as the percentage or proportion of infested units 

in the consignment or lot. The infestation level of the consignment is not likely to be known. The 

level of infestation to be detected should be fixed by the NPPO so that a sampling regime can be 

established (OEPP/EPPO, 2006).  άLƴŦŜǎǘŜŘέ ƛƴ ǘƘƛǎ ŎƻƴǘŜȄǘ ǊŜŦŜǊǎ ǘƻ ƛƴŦŜǎǘŀǘƛƻƴ ǿƛǘƘ quarantine 

pests or actionable pests. 
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Infestation rate: The total number of units estimated to have actionable pests in a specific volume 

(usually a consignment) based on sampling results. 

Inspection: Official visual examination of plants, plant products or other regulated articles to 

determine if pests are present or to determine compliance with phytosanitary regulations [FAO, 

мффлΤ ǊŜǾƛǎŜŘ C!hΣ мффрΤ ŦƻǊƳŜǊƭȅ άƛƴǎǇŜŎǘέϐ  (FAO, 2019). 

Inspection unit (also known as the sample unit): The unit of a consignment designated for 

sampling and inspection purposes (e.g., a plant, a box, a tray) (NAPPO, 2017). 

Inspection efficiency (or pest detection rate): The likelihood of finding a pest or pests that are 

present on a commodity (NAPPO, 2017). Inspection efficiency is important because it affects our 

estimates of how many pests or infested shipments inspectors will find and should inform 

sampling design and management decisions. 

!ƭǎƻ ƪƴƻǿƴ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ŀǎ άǎŜƴǎƛǘƛǾƛǘȅΦέ This variable depends mostly on how proficient an 

inspector is at pest detection.  We know that inspector efficiency is never 100%, even though 

many sampling designs assume 100% and ignore this factor in calculations.  The best available 

data shows it is somewhere between 20% and 80% (although 80% is probably rare and would be 

a generous assumption). Assumptions regarding inspection efficiency should be carefully 

considered in sample calculations, given that they can affect/bias outcomes. It is important to be 

consistent in efficiency assumptions, so even if the inspection results are biased, they can be 

analyzed and compared for risk-based adjustments. 

Laboratory testing: Examination, other than visual, to determine if pests are present using official 

diagnostic protocols. Diagnostic protocols describe the minimum requirements for reliable 

diagnosis of regulated pests. Laboratory testing is often combined with inspection in a tiered 

approach to detection and identification (EFSA Panel on Plant Health (PLH), 2018) 

Leakage rate (also known as slippage): Estimated number of undetected actionable pests in a 

specific volume. Alternatively, the estimated number of consignments in a specific volume that 

are infested with actionable pests but are released without action (NAPPO, 2017). 

Level of confidence: The level of confidence corresponds to the percentage of success in 

discovering a defect (OEPP/EPPO, 2006). In this context defect is understood as pest.  

Lot: A number of units of a single commodity, identifiable by its homogeneity of composition, 

origin etc., forming part of a consignment [FAO, 1990] (FAO, 2019). 

National Plant Protection Organization (NPPO): Official service established by a government to 

discharge the functions specified by ǘƘŜ Ltt/ ώC!hΣ мффлΤ ŦƻǊƳŜǊƭȅ άǇƭŀƴǘ ǇǊƻǘŜŎǘƛƻƴ ƻǊƎŀƴƛȊŀǘƛƻƴ 

όƴŀǘƛƻƴŀƭύέϐ (FAO, 2019) 
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Outbreak: A recently detected pest population, including an incursion, or a sudden significant 

increase of an established pest population in an area [FAO, 1995; revised ICPM, 2003] (FAO, 

2019). 

Pathway:  Any means that allows the entry or spread of a pest [FAO, 1990; revised FAO, 1995] 

(FAO, 2019). 

Percentage-based sampling:  Establishing the sample size for inspection based on a percentage 

of the lot size. 

Pest: Any species, strain or biotype of plant, animal or pathogenic agent injurious to plants or 

Ǉƭŀƴǘ ǇǊƻŘǳŎǘǎΦ bƻǘŜΥ Lƴ ǘƘŜ Ltt/Σ άǇƭŀƴǘ ǇŜǎǘέ ƛǎ ǎƻƳŜǘƛƳŜǎ ǳǎŜŘ ŦƻǊ ǘƘŜ ǘŜǊƳ άǇŜǎǘέ ώC!hΣ мффлΤ 

revised ISPM 2, 1995; IPPC, 1997; CPM, 2012] (FAO, 2019). 

Pest action rate: Number of quarantine actions performed on a commodity divided by the total 

number of inspections performed on that commodity (NAPPO, 2017). 

Pest risk management: Evaluation and selection of options to reduce the risk of introduction and 

spread of a pest (Devorshak, 2012)  

Phytosanitary import requirements: Specific phytosanitary measures established by an 

importing country concerning consignments moving into that country [ICPM, 2005] (FAO, 2019). 

Phytosanitary measures: Any legislation, regulation or official procedure having the purpose to 

prevent the introduction or spread of quarantine pests, or to limit the economic impact of 

regulated non-quarantine pests [ISPM 4, 1995; revised IPPC, 1997; ICPM, 2002] The agreed 

interpretation of the term phytosanitary measure accounts for the relationship of phytosanitary 

measures to regulated non-quarantine pests. This relationship is not adequately reflected in the 

definition found in Article II of the IPPC (1997). (FAO, 2019). 

Probability: Defined depending on philosophical perspective: (1) the frequency with which 

samples arise within a specified range or for a specified category; (2) quantification of uncertainty 

as degree of belief regarding the likelihood of a particular range or category (EFSA Scientific 

Committee, 2018a). Probabilities are often expressed as proportions or as percentages (EFSA 

Panel on Plant Health (PLH), 2018). 

Quarantine pest: A pest of potential economic importance to the area endangered thereby and 

not yet present there, or present but not widely distributed and being officially controlled [FAO, 

1990; revised FAO, 1995; IPPC 1997] (FAO, 2019). 

Regulated non-quarantine pest: A non-quarantine pest whose presence in plants for planting 

affects the intended use of those plants with an economically unacceptable impact and which is 

therefore regulated within the territory of the importing contracting party [IPPC, 1997] (FAO, 

2019).  
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Risk: The likelihood of the occurrence and the likely magnitude of the consequences of an adverse 

event to animal or human health in the importing country during a specified time period, as a 

result of a hazard (CBD, 2018)  

Risk-Based Inspection (RBI): An inspection design that concentrates effort on sources of imports 

with problematic inspection histories (NAPPO, 2017). 

Risk-Based Sampling Approach (RBSA): An approach to inspections that prescribes sampling 

frequencies based on compliance history, origin, and intended use of the commodity (NAPPO, 

2017). 

Risk-Based Sampling (RBS): Sampling that takes account of the probability of detection to 

determine the sample size for an inspection. The number of items to be inspected will vary 

depending on the level of infestation to be detected, the size of the consignment, and the pest 

risk. In RBS sampling frequencies are based on the relationship between actionable pest 

detections and specific inspection variables (e.g., type of commodity, origin, consignee, etc.) 

(NAPPO, 2017). 

Safe trade: The objective that is achieved by implementing phytosanitary measures that are 

justified by the risk, recognizing that neither unrestricted trade nor fully restricted trade is a 

feasible objective. 

Sample size: The sample size is the number of units selected from the lot or consignment that will 

be inspected or tested (FAO, 2016a). 

Sampling inspection: Sampling for phytosanitary inspection of consignments or lots is a form of 

ΨŘƛǎŎƻǾŜǊȅ ǎŀƳǇƭƛƴƎΩΦ {ŀƳǇƭŜǎ ŀǊŜ ǘŀƪŜƴ ŦǊƻƳ ŀ ŦƛƴƛǘŜ ǇƻǇǳƭŀǘƛƻƴ όǘƘŜ ŎƻƴǎƛƎnment or lot) without 

replacement of the units selected. The consignment or lot is rejected if one or more defects are 

detected in the sample (OEPP/EPPO, 2006).  Pests or regulated articles targeted in phytosanitary 

inspections ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ άŘŜŦŜŎǘǎέΦ 

Single window: A facility that allows parties involved in trade and transport to lodge standardized 

information and documents with a single-entry point to fulfill all import, export, and transit-

related regulatory requirements. 

Skip-lot sampling: Inspection designs that allow for consignments to be released without 

inspection. 

Strength of phytosanitary measures: the level of restrictiveness achieved from the application 

of prescribed phytosanitary measures. The term comes from Article II of the IPPC (Use of Terms) 

in the definition of pest risk analysis:    

άΧǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ŜǾŀƭǳŀǘƛƴƎ ōƛƻƭƻƎƛŎŀƭ ƻǊ ƻǘƘŜǊ ǎŎƛŜƴǘƛŦƛŎ ŀƴŘ ŜŎƻƴƻƳƛŎ ŜǾƛŘŜƴŎŜ ǘƻ ŘŜǘŜǊƳƛƴŜ 
whether a pest should be regulated and the strength of any phytosanitary measures to be taken 
ŀƎŀƛƴǎǘ ƛǘΤέ όŜƳǇƘŀǎƛǎ ŀŘŘŜŘύ 
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Note. The strength of measures is not the same as the efficacy of measures.  Measures may be 

effective at reducing risk without being restrictive and likewise, measures may be restrictive 

without being effective at reducing risk. For instance, many measures that are normal industry 

practices, (e.g., washing fruit), are effective for risk mitigation without being restrictive. On the 

other hand, prohibition is highly restrictive to trade but often increases the risk because it 

encourages smuggling.  As implied by the definition, the strength of measures is strongly related 

to pest risk analysis where the factors of restrictiveness and effectiveness are weighed with other 

factors in the risk management process.   

Target detection level: The level of detection for presence of a pest or contaminant that is based 

on the risk and practical considerations, and accounting for relevant statistical parameters 

affecting the probability.  

Example: A target detection level of 5% means that the detection process e.g., inspection, 

surveillance, or laboratory testing, is designed to detect a pest or contaminant when its presence 

exceeds 5% with 95% confidence.  

Technically justified: Justified on the basis of conclusions reached by using an appropriate pest 

risk analysis or, where applicable, another comparable examination and evaluation of available 

scientific information (FAO, 2011).  

Test: Official examination of plants, plant products or other regulated articles, other than visual, 

to determine if pests are present, identify pests or determine compliance with specific 

phytosanitary requirements [FAO, 1990; revised CPM, 2018] (FAO, 2019) 

Tolerance level: Tolerance level refers to the percentage of infestation in a consignment or lot 

that is the threshold for phytosanitary action (FAO, 2016a). 

Visual examination: Examination using the unaided eye, lens, stereoscope or other optical 

microscope [ISPM 23, 2005; revised CPM, 2018] (FAO, 2019).  

WTO-SPS Agreement: World Trade Organization Agreement on the Application of Sanitary and 

Phytosanitary Measures ( WTO, 2019) 

Note: other pertinent definitions are included in the text of this manual when the term is 

introduced or can be found in ISPM 5 Glossary of phytosanitary terms and RSPM 5 Guidelines for 

the establishment and application of emergency actions and emergency measures.  
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2. ACRONYMS AND ABBREVIATIONS 
 

ALOP: Appropriate Level of Protection 

APHIS-PPQ: Animal and Plant Health Inspection Service - Plant Protection and Quarantine 

ASEAN: Association of Southeast Asian Nations   

CBD: Convention on Biological Diversity 

CPHST: Center for Plant Health Science and Technology  

EFSA: European Food Safety Authority 

EPPO: European and Mediterranean Plant Protection Organization (OEPP: Organisation 

Européenne et Méditerranéenne pour la Protection des Plantes) 

FAO:  Food and Agriculture Organization of the United Nations  

IPPC:  International Plant Protection Convention, as deposited in 1951 with FAO in Rome and as 

subsequently amended [FAO, 1990; revised ICPM, 2001] (FAO, 2019). 

ISPM: International Standards for Phytosanitary Measures 

NAPPO: North American Plant Protection Organization 

NARP: National Agriculture Release Program (US) 

NPPO: National Plant Protection Organization  

OSCE: Organization for Security and Co-operation in Europe 

RBS: Risk-Based Sampling 

UNECE: United Nations Economic Commission for Europe 

USDA: United States Department of Agriculture 

WTO-SPS: World Trade Organization Agreement on the Application of Sanitary and 
Phytosanitary Measures (1994) 
 
WTO-TF: World Trade Organization Trade Facilitation Agreement (2017) 
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3. RBS: FREQUENTLY ASKED QUESTIONS 
Robert Griffin1, Stephanie Bloem2 and Maribel Hurtado3 

 
1. National Coordinator for Agriculture Quarantine Inspection USDA, APHIS, PPQ - Retired 
2. Executive Director for the North American Plant Protection Organization 
3. Project Manager for RBS  

3.1. What is Risk-Based Sampling?  

Risk-Based Sampling (RBS) is an inspection design that takes account of the probability of 
detection to determine the sample size for an inspection.  It consistently achieves a specific level 
of detection and confidence and is adjusted to correspond to different levels of risk.  This means 
that the number of items to be inspected will vary depending on the level of infestation to be 
detected, the size of the consignment, and the pest risk. For additional information see Chapters 
4 and 6. 

3.2. Does RBS require more resources? 

The objective of RBS is not to increase or decrease the resources devoted to inspection, but rather 
to maximize the effectiveness of existing inspection efforts.  In many cases, the NPPO will realize 
resource savings as unnecessary inspection effort on large consignments is reduced.  In other 
cases, the inspection effort will be increased as more effort is devoted to small consignments that 
had been under-inspected in the past. RBS provides the basis for objectively measuring and 
comparing the pest risk for different consignments based on actionable interceptions. For 
additional information see Chapter 7. 

3.3. Is it necessary to have a statistician to implement RBS? 

RBS is based on conventional statistical concepts that are well-known and widely practiced in 
research and other disciplines where sampling is done (e.g., quality control in manufacturing).  
The simplest implementation of RBS requires only a calculator or table to determine the sample 
size for a specific level of detection in a specific size consignment and to randomize samples.  
However, the results of RBS inspections provide data which is useful for many other analyses 
which can take advantage of statistical expertise.  Consistent inspection results make it possible 
for phytosanitary actions to be correlated to numerous different variables such as pests, 
pathways, ports, or any other trade variable.  Infestation rates can be calculated for individual 
consignments, true approach rates can be calculated and tracked for pests, and the same can be 
done for action rates on commodities/pathways. For additional information see Chapters 7 and 
10. 
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3.4. Are special locations or equipment required for RBS? 

Randomization of the sample universe provides statistical confidence and promotes the detection 
of pests and trends that might be otherwise unnoticed.  Enough secure space and equipment for 
unloading and manipulating cargo is needed to ensure access to every sample unit in a 
consignment for a full random inspection.  Conditions and resources may limit the possibilities 
for full and frequent randomization, but the more randomization that can be done, the higher the 
confidence in results. For additional information see Chapter 5. 

3.5. Is the implementation of ISPMs mandatory? 

Article 3 of the WTO-SPS !ƎǊŜŜƳŜƴǘ ǎǘŀǘŜǎΥ Χ Members shall base their sanitary or phytosanitary 
measures on international standards, guidelines or recommendations (emphasis added).  Because 
the IPPC is the standard setting organization specifically identified in the WTO-SPS Agreement to 
provide international standards for phytosanitary measures, the ISPMs are obligations under the 
WTO-SPS Agreement even if they are not legally binding for Contracting Parties to the IPPC. 

3.6. Can interceptions represent pest risk? 

The number, type and frequency of interceptions that require phytosanitary actions are indicators 
of risk and can be useful as a proxy for risk in inspection designs.  The actual risk for specific pests 
will vary.  A Pest Risk Analysis (PRA) is needed for a full characterization of individual pests or 
pathways. For additional information see Chapter 4. 

3.7. Is inspection an effective phytosanitary measure? 

Inspection is rarely 100% and is never 100% effective.  There is always some probability that pests 
will be missed because pests have different levels of detectability and inspectors have different 
levels of efficiency. For additional information see Chapter 4. 

3.8. What confidence level is required for RBS? 

The statistical convention for confidence is 95%, i.e., if confidence is not expressed, it is assumed 
to be 95%.  This means that 95 times out of 100, the results will be correct, or 5% of results can 
be incorrect.  Higher levels of confidence require higher rates of sampling and vice versa. For 
additional information see Chapters 5 and 10. 

3.9. Does RBS require more time than traditional inspections? 

RBS does not require more time or economic resources than traditional inspection designs. For 
example, when compared to percentage-based inspection of large consignments, RBS sample 
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sizes are smaller and have specific levels of detection and confidence. RBS optimizes the work of 
inspectors, allowing them extra time to focus on inspection of higher risk consignments.  

3.10. What are the advantages of RBS for countries that mostly trade in small 
consignments? 

Risk-Based Sampling schemes allow inspectors to calculate a specific level of detection therefore 
allowing them to justify the level of inspection resources needed to reach the appropriate (or 
desired) level of detection.   

3.11. What data do I need to implement RBS in my country? 

A Risk-Based Sampling Excel workbook was developed (Chapter 10, Appendix 1) to assist 
countries in collecting and organizing inspection data and to assist in determining sample sizes 
and randomizing samples for inspection. The workbook should be very useful for countries that 
do not have data collection systems in place. The workbook has the following sections: 
 

a. Sample size calculator 
b. Database to collect inspection data (Spreadsheet) 
c. How to randomize samples for inspection 
d. Directory of Importers 
e. Directory of Exporters 
f. Directory of Producers. 

 
The database fields include basic parameters that countries should collect when performing 
inspections at ports, airports, and border crossings. The database will provide historical data that 
will allow countries to analyze trends for future implementation of RBS. The Excel workbook is 
freely available and downloadable from the NAPPO website at this link ς 
https://nappo.org/english/learning-tools/sample-size-calculator  

3.12. How can countries deal with issues of staff continuity, lack of training and 
reluctance to change?  

Member countries of the World Trade Organization ς WTO - have the obligation to apply RBS, as 
stated in Article 5, item 2 of the WTO-SPS Agreement - άLn the assessment of risks, Members shall 
take into account available scientific evidence; relevant processes and production methods; 
relevant inspection, sampling and testing methods; prevalence of specific diseases or pests; 
existence of pest τ or disease τ free areas; relevant ecological and environmental conditions; 
ŀƴŘ ǉǳŀǊŀƴǘƛƴŜ ƻǊ ƻǘƘŜǊ ǘǊŜŀǘƳŜƴǘέ and the WTO Trade Facilitation Agreement, Article 7, item 4: 
ά9ŀŎƘ aŜƳōŜǊ shall concentrate customs control and, to the extent possible other relevant 
border controls, on high-risk consignments and expedite the release of low-risk consignments Χέ 
(emphasis supplied). 
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Therefore, we recommend that competent regulatory authorities around the world include RBS 
concepts in technical documents that support/inform inspection/sampling activities such as 
manuals, guidelines, and procedures, to ensure that those responsible for inspection understand 
and apply the concepts. In addition, inspectors should receive training on RBS to insure they grasp 
the concepts, understand the advantages, and recognize how important the application of RBS is 
for inspection activities. 

The lack of well-established and accepted parameters for sampling records becomes an 
opportunity to countries to include the required parameters for RBS analysis and implementation 
ƛƴ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǎƛƴƎƭŜ ǿƛƴŘƻǿ ŦƻǊ ŦƻǊŜƛƎƴ ǘǊŀŘŜΦ ¢Ƙƛǎ ŀǾƻƛŘǎ ƛƴŦƻǊƳŀǘƛƻƴ ŘǳǇƭƛŎŀǘƛƻƴ ŀƴŘ ǎŀǾŜǎ 
time and resources through inter-institutional coordination between the NPPO and customs, and 
the processes automatization, simplification and standardization. 

3.13. What options do I have if it is not possible to completely randomize the 
samples? 

If randomization is not possible, RBS can nonetheless help determine the appropriate sample size 
to make the inspection results meaningful. For additional information see Chapters 4 and 6. 
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4.  INTRODUCTION 
Robert Griffin1 and Maribel Hurtado2 

 
1. National Coordinator for Agriculture Quarantine Inspection USDA, APHIS, PPQ - Retired 
2. Project Manager for RBS 

 
For over a century, inspection has been the most widely used and commonly applied of all 
phytosanitary measures.  Inspection is the primary means for phytosanitary officials to verify 
compliance with import requirements and a key factor in motivating producers and shippers to 
recognize and address phytosanitary concerns. The fact that the international movement of 
people and goods is subject to inspection is often sufficient motivation for compliance, whether 
or not anything is inspected. 

The threat of inspection, or rather the 
fear of negative repercussions from the 
results of inspection, can be a powerful 
motivation against smuggling or other 
non-authorized movement of goods. 
Knowing and accepting that inspection 
is a deterrent, but not a fool-proof 
safeguard against pest introduction, 

raises questions regarding the desired effectiveness of inspection and its role in risk management.   
According to Article IV of the International Plant Protection Convention (IPPC), one of the primary 
responsibilities of a national plant protection ƻǊƎŀƴƛȊŀǘƛƻƴ όbtthύ ƛǎ άthe inspection of 
consignments of plants and plant products moving in international traffic and, where appropriate, 
the inspection of other regulated articles, particularly with the object of preventing the 
introduction and/or spread of pestsέΦ  ¢Ƙƛǎ ƳŀƴŘŀǘŜ ŎƻǾŜǊǎ ŀ ƳǳƭǘƛǘǳŘŜ ƻŦ ŘƛŦŦŜǊŜƴǘ ƻōƧŜŎǘƛǾŜǎ ŦƻǊ 
which inspection is used, including verifying the integrity of a consignment, checking 
documentation, and collecting trade information.   

These aspects of inspection complement the focus on determining whether a consignment meets 
phytosanitary requirements. In most cases, sampling consignments to visually detect the 
presence of quarantine pests or regulated non-quarantine pests is the key to determining the 
phytosanitary status of consignments.  This procedure typically results in decisions regarding 
actions that will be taken to mitigate the risk of pest introduction.  It also provides useful 
information for evaluating the potential risk associated with similar and future shipments (of, for 
example, the same commodity, or of commodities from the same country).  

The IPPC developed and adopted International Standard for Phytosanitary Measures (ISPM) 23 
(Guidelines for inspection) in 2005.  This was followed by the adoption of ISPM 31 (Methodologies 
for sampling of consignments) in 2008.  These complementary standards identify inspection as a 

Inspection has been the most widely used and 

commonly applied of all phytosanitary measures and 

it is the responsibility of the national plant protection 

organizations (NPPO). 
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risk management procedure and point to the need for inspection to be technically justified and 
fairly applied in the same way as other phytosanitary measures.   
 
The standards recognize that different 
inspection designs and methods will 
produce different outcomes which can 
substantially affect trade and trade 
policy.  Proper implementation of 
these ISPMs requires a common 
understanding of the conceptual, 
operational, and policy consequences 
of different inspection designs and 
their relationship to the principles of safe trade reflected in the World Trade Organization 
Agreement on the Application of Sanitary and Phytosanitary Measures (the WTO-SPS Agreement) 
(WTO, 2020a) and complemented by the IPPC (FAO, 1997). 
 
The disciplines created by the WTO-SPS Agreement are designed to ensure that barriers to trade 
which have the objective of providing protection are not overly restrictive or politically motivated.  
It creates a regulatory focus on safe trade as a singular objective, recognizing that neither 
extremes of exaggerated protection nor completely open trade are desirable.  From a practical 
standpoint, this translates to a much stronger role for analysis and gathering data -- especially 
inspection data -- needed to understand where, when, how, and how strongly risk management 
measures should be applied.  This is where the role of inspection as a phytosanitary measure 
becomes critical for justified risk management.  That is not to question the value of inspection as 
a deterrent, but rather to ask whether inspection is being applied consistently and in a defendable 
way based on risk, as envisioned by the WTO-SPS Agreement, and is technically justified according 
to the IPPC. 

Assuming that all NPPOs and their inspection agencies/branches are also striving for more 
efficient and effective pest exclusion, there are additional questions about whether sampling is 
the best strategy.  Other important questions are whether the information derived from 
inspections is helpful for informing inspectors about specific areas of risk (= targeting), helping 
NPPOs to better allocate inspection resources for risk management (= prioritization), identifying 
changes in risk (= trend analysis) ŀƴŘ ƻǘƘŜǊ ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ ǎǳǇǇƻǊǘ ǘƘŜ ōŜǎǘ ǳǎŜ ƻŦ ŜŀŎƘ btthΩǎ 
limited pest exclusion resources as part of risk management.    

The primary assumption behind the use of inspection is that the pests of concern are detectable.  
The organism or its signs/symptoms must be visually discernible and distinct enough that there is 
little potential for confusion with non-pest organisms or other conditions.  However, some pests 
are not detectable without specialized procedures or laboratory testing.  Others have very 
different levels of detectability.  These differences contribute variability to the interpretation of 
inspection results and the design of inspection programs.    
 
 

The IPPC developed and adopted International 

Standard for Phytosanitary Measures (ISPM) 23 

(Guidelines for inspection) in 2005, followed by the 

adoption of ISPM 31 (Methodologies for sampling of 

consignments) in 2008.  
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Inspection itself does nothing to 
change pest status.  It is the actions 
taken because of inspection that 
ultimately determine how pest risk is 
changed.  At an operational level, these 
decisions will usually be consignment acceptance (= no action), consignment rejection, or the 
application of other phytosanitary measures (e.g., treatment).  It is important to remember that 
each pest interception and the collective history of interceptions also have the potential to 
contribute valuable data for a better understanding of the risk associated with the pest(s), 
origin(s), and pathway(s).      

 
Since inspection is rarely 100% and 
always involves a degree of error and 
variability, the acceptance of a 
tolerance is inherent in the use of 
inspection as a risk management tool.  
Inspection is essentially equivalent to 
sampling against the probability of 
detection.  This means that there is 

always some probability that pests will not be detected.  Inspection is therefore not an 
appropriate stand-alone strategy if the ultimate objective is ensuring pest freedom.    
 
By acknowledging the role of probability, NPPOs can understand the important role of basic 
statistical concepts such as the acceptance of a tolerance and the limits of confidence.  Following 
this is the need to identify target detection levels to form the technical requirements for 
inspection that make it a useful tool for risk management. Acceptance of a tolerance and 
variability is inherent in the adoption of inspection as a phytosanitary procedure.  For this reason, 
inspection cannot be aligned with risk management without an understanding of the level of 
tolerance and variability that is associated with the procedure.   
 
The discipline that is most critical to understanding the correct application of risk-based 
inspection is acceptance sampling.  The application of this statistical concept in risk management 
allows us to determine whether inspection is the most appropriate phytosanitary measure to use 
for managing pest risk and the characteristics of a proper inspection design, recognizing the 
concepts of tolerance associated with the probability of detection and considering the limitations 
of confidence in acceptance sampling. 
 
For example, inspecting two boxes of fruit from a total consignment of ten boxes and finding 
them free of pests does not provide absolute assurance that all ten boxes are free of pests.  There 
is some probability that pests occur in the remaining boxes and there is a degree of uncertainty 
(both variability and error) associated with the two boxes that were inspected.  The issues that 

The primary assumption behind the use of inspection 

is that the pests of concern are detectable.  

Each pest interception and the collective history of 

interceptions have the potential to contribute 

valuable data for a better understanding of the risk 

associated with the pest(s), origin(s), and 

pathway(s).     
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must be considered are the level of tolerance and confidence that are considered acceptable, and 
the level of consistency (or the range of variability) in inspection.  
  

 
 

Visual inspection of bananas.  Commercially produced bananas are typically grown under covers that discourage 
pest infestation.  Pests are also easily detected on their smooth yellow surface.  

Source - https://www.usda.gov/media/blog/2013/01/09/new-vision-means-better-inspection-services-fruits-and-
vegetables 

 
Note here that the concept of tolerance applies to the entire population (the entire consignment), 
not only to the sample.  The level of pest presence in a sample is properly known as the 
acceptance level.  ¢ƘŜ ŎƻƴŎŜǇǘ ƻŦ ǘƻƭŜǊŀƴŎŜ ƛǎ ƻŦǘŜƴ ƳƛǎŀǇǇƭƛŜŘΣ ŀǎ ǿƘŜƴ ŀ άȊŜǊƻ ǘƻƭŜǊŀƴŎŜέ ǊŜŦŜǊǎ 
to rejection based on a single pest detection in a sample.  The correct designation is a zero-
acceptance level which translates to some tolerance in the population based on the size of the 
population, the size of the sample, and the confidence level. 
 
A risk-based inspection is one that has as its objective to detect a defined level of pest prevalence 

with a specific level of confidence and 
then adjust inspection frequency 
and/or inspection intensity to the risk.  
Pest interceptions are used to 
represent risk in an operational sense.  
It is important to recall that all 
interceptions are not equally risky, but 
the number of interceptions can be a 

useful indicator of relative risk.  A pest risk assessment (part of the PRA process) is needed for the 
true risk of interceptions to be fully understood.   

A risk-based inspection is one that has as its objective 

to detect a defined level of pest prevalence with a 

specific level of confidence and then adjusts inspection 

frequency and/or intensity to the risk. 

https://www.usda.gov/media/blog/2013/01/09/new-vision-means-better-inspection-services-fruits-and-vegetables
https://www.usda.gov/media/blog/2013/01/09/new-vision-means-better-inspection-services-fruits-and-vegetables
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A risk-based inspection differs from an inspection that is based on arbitrary or intuitive criteria, 
or one that is designed only for operational convenience.  By establishing reference points 
(inspection objectives) and a means to measure the results, it becomes possible to identify, in an 
analytically defendable and transparent manner, the areas where inspection resources are most 
needed, and the level of resources required for proper inspection.  These determinations then 
correspond with the acceptable level of risk and the strength of phytosanitary measures to be 
applied. 

Managing for a fixed (pest) prevalence (= a defined detection level) results in larger or smaller 
sample sizes depending on the consignment size.  This is a fundamental point to understand for 
risk-based inspection.  A risk-based inspection design will aim to balance the resources available 
for inspection with the need to detect specific levels of pest prevalence.   
 
This means that the maximum allowable prevalence would be a fixed value associated with a fixed 
confidence.  The result is a sampling 
design where the sample size varies 
according to the consignment size and 
the intensity of inspection is adjusted 
to the risk and to available resources. 
This approach maximizes the risk 
management value of inspection by 
focusing more inspection effort on higher risk imports and less on lower risk imports.  
 
A sample size calculator or hypergeometric table greatly simplifies the process of determining the 
appropriate sample size to consistently detect the same level of infestation from different 
consignment sizes (see Chapter 10 Appendices 1 and 2). Once we are able to consistently detect 
the same level of infestation in each consignment, we can legitimately compare consignments 
and calculate true approach rates for pests (=the number of different quarantine pests found 
associated with a specific number of consignments) and desired action rates for pathways (= the 
number of phytosanitary actions required for a specific number of consignments of the same 
commodity), entities, and countries of origin (Griffin, 2017).  
 
Traditional operational inspections also frequently stop when a pest is found, even if the entire 
sample has not been inspected. The rationale for this is that pest presence represents non-
compliance, which usually changes the phytosanitary status of the consignment. As noted above, 
inspection is not absolute. The detection of one pest does not mean that it is the only pest 
present, and failure to detect a pest does not mean that a shipment is pest-free. The entire sample 
must be inspected, and the full results recorded to understand how many different pests may be 
present and the degree of infestation in a way that can be compared and analyzed (Griffin, 2017).  

Managing for a fixed (pest) prevalence (a defined 

detection level) results in larger or smaller sample 

sizes depending on the consignment size.  
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Full inspection of a statistically derived 
sample size not only provides a more 
complete picture of non-compliance, 
but the results support much more 
robust analyses of approach rates for 
pests, action rates for the pathway, 

entity, or country, and infestation rates for the consignment. A data stream based on a history of 
consistent sampling allows for the analysis of trends and supports ranking and prioritization for 
risk management as well as resource allocation for inspection (Griffin, 2017).  
 
In addition to adjusting the sample size to correspond with the consignment size, and inspecting 
the full sample, it is also crucial that the sampling be truly random. This is very important from 
the standpoint of statistical validity. It 
is also one of the most difficult aspects 
of Risk-Based Sampling for inspectors 
to embrace because their tendency is 
to bias the selection of samples for the 
detection of pests based on their 
experience and expertise. Asking an inspector to inspect a sample that he/she does not believe 
will have a pest, while also ignoring part of the consignment where he/she might feel more 
confident about detecting a pest, is counterintuitive and may be demoralizing to inspectors 
accustomed to demonstrating competence by their selection of samples (Griffin, 2017).  

There are two main problems with the intuitive or haphazard sampling that has dominated 
traditional inspection around the world. The first is that it lacks statistical validity. This makes 
inspection results inconsistent and much less valuable in the long run. The second problem is that 
it strongly favors the detection of pests that have been previously detected, making it more 
difficult to become aware of new pests or see changes in approach rates, infestation patterns, 
and new outbreaks.  
 
While a random sample may miss a pest that the inspector believes is present based on 
experience, it has a higher likelihood of finding pests that are unanticipated by the inspector. As 
noted above, all inspections have some probability of missing pests, sometimes known as slippage 
or leakage, but ensuring that inspection results have statistical validity is key to using the results 
for better identifying differences in risk. Discovering new pests and unanticipated infestation 
patterns is likewise important (Griffin, 2017).  
 
Based on the discussions above, the best inspection designs have the following sampling 
characteristics:  
ω The sample size corresponds to a fixed detection level for a specific consignment size;  

ω The samples are randomly selected;  

ω The full sample is inspected, and all results are recorded.  

RBS requires adjusting the sample size to correspond 

with the consignment size for a consistent level of 

ŘŜǘŜŎǘƛƻƴΧ ŀƴŘ ƛƴǎǇŜŎǘƛƴƎ ǘƘŜ Ŧǳƭƭ ǎŀƳǇƭŜΦ 

ƛǘ ƛǎ ŀƭǎƻ ŎǊǳŎƛŀƭ ǘƘŀǘ ǘƘŜ ǎŀƳǇƭƛƴƎ ōŜ ǘǊǳƭȅ ǊŀƴŘƻƳΧ 

from the standpoint of statistical validity. 
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Inspections with these design elements provide more and better data to support risk and resource 
management decisions. When fairly and consistently applied, such inspection designs are also 
technically defendable and greatly expand opportunities for an NPPO to conduct a range of useful 
analyses (including adjustments in inspection intensity and/or frequency to focus more effort on 
higher risk commodities and away from lower risk commodities) thereby creating incentives for 
producers to reduce risk. This is consistent with the obligations of NPPOs under the IPPC, the 
WTO-SPS Agreement, and the Risk Management provisions of the recently completed and ratified 
World Trade Organization Trade Facilitation Agreement (WTO, 2014).  

4.1. Scope and objectives of the RBS manual 

The RBS Manual is a resource to support global harmonization in the design and analysis of 
inspection procedures by NPPOs.  It connects with the objectives of the IPPC and the IPPC 
Strategic Framework 2020-2030, particularly to assist with the implementation of ISPMs 23 and 
31, and the ISPM 31 explanatory document available here 
https://www.ippc.int/static/media/files/publications/en/2013/06/04/1252507962732_ispm31_
ed_in_format_201304232112en.pdf     

The RBS Manual can also be used to develop procedural guidelines and policy frameworks and to 
inform training programs at the national level.  The manual provides options, examples and case-
studies for competent authorities to use to design, re-design, evaluate and manage inspection 
policies and procedures that will provide more useful and better data to support risk and resource 
management decisions in their NPPO.  

4.2. Target audience 

The RBS Manual is intended for use by policy makers and analysts within the competent 
authorities responsible for import and export inspections.  In addition, the manual is a technical 
reference for officials designing, evaluating, and managing those measures.  The manual may also 
provide the documentary basis for developing training tailored to the specific needs of a country. 
The manual can also be useful to inspectors as a technical reference for operational decision-
making, (e.g., calculating sample sizes).  Producers, importers, exporters, brokers, and other 
stakeholders may also find the manual useful to help understand the proper role and application 
of inspection as a phytosanitary measure. 

4.3. Use of the RBS Manual 

National phytosanitary policies and phytosanitary inspection designs are the sovereign domain of 
each NPPO.  Recognizing that every country has unique conditions and challenges, this manual 
provides guidance to assist competent authorities with understanding and adapting their 
individual policies and procedures to be consistent with their SPS and IPPC obligations without 
prescribing specific changes. Likewise, the manual supports implementation of WTO Member 

https://www.ippc.int/static/media/files/publications/en/2013/06/04/1252507962732_ispm31_ed_in_format_201304232112en.pdf
https://www.ippc.int/static/media/files/publications/en/2013/06/04/1252507962732_ispm31_ed_in_format_201304232112en.pdf
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obligations for risk management under the Trade Facilitation Agreement. The manual provides a 
range of technical detail for NPPOs interested in different levels of sophistication in their RBS 
designs.    

The RBS Manual is divided into two parts.  The first provides background and basic guidance for 

beginning to understand and implement RBS.  It includes FAQs and case studies to help relate the 

guidance to operational realities.  The second section provides additional detailed technical 

explanations, including tools, formulas, and other reference material for advance applications of 

RBS by NPPOs.   

 

 

Careful inspection, selection and culling in the packing operation help ensure pest-free products. 

Source - https://www.gob.mx/cms/uploads/image/file/578855/punto_inspeccion.jpeg 

 

 

 

  

https://www.gob.mx/cms/uploads/image/file/578855/punto_inspeccion.jpeg
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5. HOW TO - GUIDE FOR IMPLEMENTING RISK-
BASED SAMPLING (RBS)  

Robert Griffin1and Maribel Hurtado2 
 

1. National Coordinator for Agriculture Quarantine Inspection USDA, APHIS, PPQ - Retired 
2. Project Manager for RBS 

The implementation of RBS will be a different experience for every country, but taking some time 
to examine the characteristics of RBS that are likely to be similar for all countries is a useful way 
to begin building new national inspection designs that are internationally harmonized. In many 
cases, the shift from traditional inspection designs to RBS will most likely require significant 
changes in regulatory policy and inspection practice. These changes do not necessarily translate 
into needing additional (monetary or human) resources, but they do require effort and 
commitment from the phytosanitary regulatory and inspection authorities. Above all, a 
thoughtful, phased process is important to provide the best opportunity for success.  

The discussion below covers the main areas that countries need to address and the procedures 
they need to begin implementing RBS.  It is organized into three sections representing generic 
steps that every country can adapt for their own RBS implementation process.  It begins with 
prerequisites to establish the foundation.  This is followed with simple sampling designs to 
become more aware of sampling issues and familiar with statistically designed sampling.  The last 
step leads to ranking, which uses the data from sampling to identify higher and lower risk 
consignments based on interceptions. Flowcharts have been added to illustrate the discussion.   

5.1. Prerequisites 

The first and most critical aspect of RBS implementation is ensuring that relevant personnel, 
including inspectors, policy makers, and regulatory leaders understand and embrace the 
underlying concepts of RBS. The commitment to RBS should be motivated by recommendations 
of international standards (ISPMs 23 and 31), and by an ƻǊƎŀƴƛȊŀǘƛƻƴΩǎ commitment to RBS as a 
more efficient, effective, technically justified and transparent way to conduct inspection. This may 
seem like a simple and obvious prerequisite, but the difficulty in shifting to RBS from traditional 
inspection procedures that have been used for over a century should not be underestimated.  

Special attention is needed to train inspectors 
who are accustomed to using their experience 
and judgment to determine where, what, how, 
and how much to sample during inspection. 
Without proper training to provide inspectors 
with a working knowledge of RBS, they may be 
confused and resistant to change. One point 

The first prerequisite to RBS implementation is 

the combination of training and commitment 

to ensure that the concepts are understood 

and supported. 
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that is important to emphasize here is that inspectors must still strive to be good inspectors (that 
is, effective at finding pests) but by following /embracing RBS, they greatly enhance the ability for 
their country/NPPO to appreciate, defend, and benefit from their work.  

Statistics is another important prerequisite. There is clearly a statistical background to RBS.  The 
statistics used for RBS are not new, complex, or sophisticated.  Nearly all personnel with scientific 
training in their background will have been exposed to the statistical concepts underlying RBS, 
and science-based organizations like NPPOs usually have statisticians or statistically trained 
personnel within their ranks. Nevertheless, some NPPOs may not feel comfortable or confident 
that they have the statistical knowledge/credibility necessary for training and decision-making 
related to designing and implementing RBS.  

Over the long term, NPPOs should 
consider either building internal 
statistical expertise or establishing a 
relationship with an outside 
organization such as another 
government agency or university to 
provide ongoing statistical support to 
their agency. In the short term, and to 
begin the process of shifting to RBS, 

simply consulting a statistician may provide sufficient reassurance.   

It is important to highlight that RBS 
implementation requires a balance 
between the pure application of statistical 
concepts and the practical realities of 
inspection.  For example, statistical 
convention holds that true random 
samples are needed for maximum 

confidence.  The reality is that it may not be practical to completely unload a consignment and 
randomize all its contents.  In fact, unloading may increase the risk of pest escape!  This means 
that an approach needs to be adopted which randomizes sampling to the extent safely and 
practically possible, recognizing that the results will suffer from lower confidence.  Whenever 
possible, a full random sample may be taken for comparison to explore/understand the degree 
of lost confidence. These types of comparisons require statistical expertise beyond what is 
needed for routine analyses.  

RBS implementation requires a balance between 

the pure application of statistical concepts and the 

practical realities of inspection. 

The second prerequisite to implementing RBS is 

establishing adequate statistical expertise.  This does 

not mean hiring a team of statisticians but rather 

developing basic statistical competency within the 

NPPO and establishing links to experts for more 

sophisticated inputs as needed.  

A simple data collection mechanism is essential to capturing inspection results for later analysis. 

NPPOs should consider developing such systems in conjunction with Customs to avoid 

duplication, increase efficiency and enhance collaboration for Single Window implementation 

under the WTO Trade Facilitation Agreement. 
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The final prerequisite for implementing RBS is a structure for data collection. Again, this may seem 
obvious and it is highly likely that most countries have some data collection mechanism in place.  
The focus here should be on anticipating the needs for RBS and capturing the essential data for 
analysis. 

5.2. Sampling     

              
The first step to implementation of RBS is understanding the nature of current inspection procedures.  
This is done by selecting a typical in-use inspection scenario; a port (land border, airport, seaport), 
a commodity (fruits, vegetables, plants for planting), a pathway (commodity x from country y), a 
specific period of time (summer) ς some discreet universe that can be used to represent the 
current state of inspection in a country. Start by collecting data from normal inspections for 
analysis. Alternatively, historic data from past inspections may be used where it exists. Data from 
many inspection variables can be included, but the most important thing at this stage is having 
the size of the consignment and the size of the sample.  By using hypergeometric tables (Chapter 
10 - Appendix 2) the level of detection for each inspection can be determined with 95% 
confidence and then recorded.  Records should be collected and reviewed to ensure that the data 
represents the full range of variability in the observations, especially for consignments of different 
sizes.  

 

 

Specialized facilities, equipment and personnel are used for inspecting live plants.  The risk of pest introduction is 
often higher with live plants because the pest enters the environment with its host. 

Source - https://www.aphis.usda.gov/aphis/ourfocus/planthealth/ppq-program-overview/plant-protection-

today/articles/rbs 

 

https://www.aphis.usda.gov/aphis/ourfocus/planthealth/ppq-program-overview/plant-protection-today/articles/rbs
https://www.aphis.usda.gov/aphis/ourfocus/planthealth/ppq-program-overview/plant-protection-today/articles/rbs
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The second step is reviewing the results of the first step to discover the extent of variability in the 
detection level in the dataset. Then, try to identify the lowest and the highest levels and the range 
where most inspections fall.  After this initial review two questions need to be answered:  

1. Is the range of variability acceptable to the NPPO or the country?  
2. What level of detection is desired by the NPPO or the country?   

By referring back to the hypergeometric tables (Chapter 10 - Appendix 2) or sample size calculator 
(Chapter 10 - Appendix 1), it is easy to determine the sample size that would provide the desired 
level of detection for each consignment and eliminate/reduce variability.  It is also possible to see 
how changing the detection level will result in needing more or less sampling depending on the 
size of the consignment.  This allows for adjusting the detection level to correspond with the 
resources available for sampling.  

For instance, if an average of 100 inspections/day are normally completed, then the detection 
threshold that corresponds with this level of sampling for the number and size of consignments 
can be found. This exercise should be repeated using different commodities, origins, and other 
inspection variables for which data is available.  The results will help demonstrate the magnitude 
of variability in current inspection processes. 

Warning:  In most cases, NPPOs will be surprised (even disappointed?) at the high variability in 
their detection levels and in the low level of detection they are achieving using current inspection 
designs. This is useful for demonstrating the lack of awareness that exists around the poor efficacy 
ŀƴŘ ŀǊōƛǘǊŀǊƛƴŜǎǎ ƻŦ ƘƛǎǘƻǊƛŎŀƭ ƛƴǎǇŜŎǘƛƻƴ ŘŜǎƛƎƴǎ ŀƴŘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǎƘƛŦǘƛƴƎ ǘƻ w.{Φ  LŦ ΨǘƛƳŜ 
for inspectionΩ ƛǎ ŀƴƻǘƘŜǊ ǾŀǊƛŀōƭŜ ŦƻǊ ǿƘƛŎƘ Řŀǘŀ ƛǎ ŎƻƭƭŜŎǘŜŘΣ btthǎ ǿƛƭƭ ŀƭǎƻ ƴƻǘƛŎŜ ǘƘŀǘ ǾŜǊȅ 
large blocks of time are devoted to inspecting large consignments that result in detecting an 
extremely low level of infestation.  This contrasts with relatively short inspection times needed 
for inspecting small consignments where very high levels of infestation are not detected. These 
contrasts can often be found on the same commodities where the only difference is the size of 
the consignment. 

Ultimately, a decision needs to be taken by the NPPO on whether the results of this analysis 
suggest the need for a change in inspection design.  If the results are judged to be acceptable, it 
may be necessary to expand the data analysis to include other inspections for a broader view.  
The findings may confirm that the existing inspection design is operating within what the NPPO 
considers to be acceptable limits.  However, it is more likely that additional analysis will uncover 
additional variability and further highlight the need to switch to RBS.  

Assuming that a decision is taken to begin using RBS, the next step is to identify a subset of 
inspections to begin sampling with RBS. This is most often done with a particular commodity or 
group of commodities at a single location. For example, in the United States, the pilot for shifting 
to RBS focused on imported plants for planting that came into the 12 Plant Inspection Stations 
managed by the U.S. NPPO.  
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The next step would be selection of a detection level and the establishment of sampling guidelines 
or calculators for inspectors to use for determining sample sizes. Careful consideration needs to 
be given to the expected number and size of consignments in order to select a detection level 
that will result in sampling that is feasible given available resources. It is important to avoid trying 
to demonstrate high levels of protection by attempting to detect very low levels of infestation 
from the very start. This results in high sample sizes which can become a strain on inspection 
resources.  After a period of sampling and adjusting the detection level as necessary, sampling 
can be expanded stepwise by adding additional commodities and locations while paying close 
attention to the impact on inspection resources.  In many cases, the NPPO will realize a savings 
as unnecessary inspection effort on large consignments is reduced.  In other cases, the inspection 

effort will be increased as more effort is devoted to small consignments that had been under-
inspected in the past.  It is important to follow these changes and adjust the detection level 
accordingly to avoid either too much or too little work for the available resources.  

The flow chart below provides a summary of the process to begin to implement RBS. 

 

  

A note on Confidence: 

Statistical convention is to assume 95% confidence unless otherwise stated.  When adjusting 

sampling for RBS it can be tempting to use different confidence levels for sample size 

calculations to avoid adjustments in the sample size or detection level that may be 

uncomfortable.  For instance, reducing the confidence from 95% to 80% when calculating the 

sample size for a consignment of 1000 articles will reduce the sample size from 29 to 16 for 

detecting a 10% infestation rate. Alternatively, the 29 samples used to detect a 10% infestation 

with 95% confidence could also detect a 5% infestation rate with 80% confidence.  If confidence 

is used as a variable in RBS, it is important to either be consistent about using 95% or be 

transparent about any other level of confidence.  
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Risk Based Sampling  

5.3. Ranking 

Once a history of RBS data has been established (e.g., more than 10 consignments for a particular 
commodity/origin) the NPPO will be able to make several important observations: 

1. The true rate of regulatory actions based on pest interceptions; 
2. Trends and variability in the action rate; 
3. How action rates compare across commodities; 
4. How action rates compare across origins, suppliers, ports, inspectors, - any inspection 

variable for which there is sufficient data for analysis. 

These rates can then be ranked (= ordered from high to low) and decisions made on where 
inspection can be reduced or increased.  Certain types of consignments are likely to have 
obviously low or high rates of regulatory actions.  Those with consistently low rates of regulatory 
actions (high compliance; low risk) can be considered for less frequent or less rigorous inspection 
(or both).  Rather than inspect every consignment, the NPPO may move to only inspect every 
other consignment or every third, fifth, or tenth consignment depending on the policy framework 
they have established.  Likewise, the NPPO can reduce the rigor of the inspection by changing 
the detection level to reduce sampling intensity.   

Those types of consignments with a higher number of regulatory actions will require closer 
scrutiny to understand the nature of the non-compliances (e.g., types of pests) and risk.  These 
may require more frequent or more rigorous inspection.  In cases where the risk is considered 
unacceptably high or highly variable, the NPPO may choose to adopt other measures (e.g., 
mandatory treatment or prohibition).  A great advantage of RBS is that it facilitates these types 
of analyses and justifies such adjustments.   

The flow chart below provides a summary of the process to begin using RBS results for ranking.  
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6. WHAT IS RISK-BASED SAMPLING? 
Michael Ormsby1, Andrew Robinson2 and Robert Griffin3 

1. Manager Ministry for Primary Industries, Biosecurity Science and Risk Assessment, Wellington, New 
Zealand 
2. Director, CEBRA, School of Biosciences - Reader & Associate Professor in Applied Statistics Australia 
3. National Coordinator for Agriculture Quarantine Inspection USDA, APHIS, PPQ ς Retired 

 

There are numerous international and regional instruments which have developed to deal with 
the challenges of plant pests moving in trade. Ormsby, et al., 2017, noted that efforts to expand 

and improve the mitigation of pest 
introduction and spread via trade should 
include updating existing tools and resources 
to be more effective and align all measures 
with contemporary principles of safe trade to 
meet the expectations of international 
agreements. Inspection is a critical aspect of 

this alignment because it is the most widely used phytosanitary measure in trade. Risk-Based 
Sampling (RBS) is an inspection design that makes inspection more efficient and effective within 
a framework based on risk.  

6.1. Inspection 

The IPPC Glossary of Phytosanitary Terms (ISPM 5) defines inspection ŀǎ ǘƘŜ άOfficial visual 
examination of plants, plant products or other regulated articles to determine if pests are present 
or to determine compliance with phytosanitary regulationsέ (FAO, 2019).  Inspection is therefore 
used to either find pests (as a measure) or verify that other measures applied against pests have 
been used (verification). ISPM 23 (Guidelines for inspection) further notes that inspections can be 
used to confirm compliance with either import or export requirements relating to plant pests. An 
export inspection is used to ensure that the consignment meets the phytosanitary requirements 
of the importing country at the time of inspection (FAO, 2019 a) 

 
As inspection of an entire consignment is usually not feasible, phytosanitary inspection is based 
on sampling. A common definition of sampling ƛǎ άa small amount of something that shows you 
what the rest is or should be likeέΦ  Lƴ ŀ ǎǘŀǘƛǎǘƛŎŀƭ ǎŜƴǎŜΣ ŀ sample ŎƻǳƭŘ ōŜ ŘŜŦƛƴŜŘ ŀǎ άa set of 
observations drawn from a portion of a populationέΦ 

Risk-Based Sampling (RBS) is an inspection 

design that makes inspection more efficient 

and effective within a framework based on risk 
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Boxes of fruit loaded in a container.  True random sampling for inspection under these conditions may be 

impractical for every shipment because of the time and effort required for unloading and reloading. 
Source - ICA 

 
Samples can be taken from a consignment by any number of methods.  However, for the sample 
to be as representative as possible of the entire consignment, the method used should ensure 
the sampled items are chosen randomly.  While it is very unlikely that the distribution of pests 
within any consignment would be uniform (e.g., a homogeneous infestation), to enhance the 
representativeness of selected samples, a consignment should represent only a single lot.  A lot 
in this instance is defined in ISPM 5 ŀǎ άA number of units of a single commodity, identifiable by 
its homogeneity of composition, origin etc., forming part of a consignmentέΦ 
 
As indicated previously, due to practical limitations associated with the consignment or the 
location where samples are to be taken, sampling designs are sometimes used to enable near-
random samples to be collected under restrictive conditions.  For example, when taking samples 
from large shipments of grain, samples are usually collected as a series of small subsamples taken 
as the grain is unloaded.  Sampling from items packed into packages within a container may 
necessitate taking subsamples from a few selected packages rather than opening all or most of 
the packages for sampling.  Where the complete devanning (= unloading cargo from a container) 
is not feasible or practical, samples may be taken from the portion of the consignment that is 
available, recognizing that confidence in the results is reduced because the sample is less 
representative.  
 
The application of statistically based methods provides results with a statistical confidence level 
that is easily determined from a table or calculation. Sampling methods that are not statistically 
based, such as convenience sampling, haphazard sampling, or selective sampling, may result in 
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the detection of a pest, but no statistical inference can be made on this basis (ISPM 31) (FAO, 
2016a). 

6.1.1. Level of Pest Infestation 

The key to any inspection and sampling design is to first determine the acceptable level of pest 
infestation within the consignment. ISPM 5 defines the tolerance level (of a pest) ŀǎ ǘƘŜ άIncidence 
of a pest specified as a threshold for action to control that pest or to prevent its spread or 
introductionέΦ ¢ƘŜ ŎŜƴǘǊŀƭ Ǉƻƛƴǘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ŦǊƻƳ ǘƘƛǎ ŎƻƴŎŜǇǘ ƛǎ ǘƘŀǘ ōŜŎŀǳǎŜ ƛƴǎǇŜŎǘƛƻƴ 
usually does not extend to all the articles in a consignment and is not 100% effective in any case, 
there is always some probability that some pests will be undetected and infested consignments 
will escape. Most consignments undergo some degree of dispersion within the importing country, 
and the pests themselves may undergo some degree of mortality and dispersion through shipping 
and handling. This has the effect of reducing the likelihood of pest introduction, but there is 
always some background level of infestation that passes unmitigated.  The important question to 
answer is what level of infestation can be tolerated. This tolerance is a key factor in determining 
the appropriate level of sampling.  

  
The tolerance represents a potential level of pest infestation in a consignment that may exceed 
ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŀǇǇǊƻǇǊƛŀǘŜ ƭŜǾŜƭ ƻŦ ǇǊƻǘŜŎǘƛƻƴ ό![htύΦ  ¢ƘŜ ŎƻƴŎŜǇǘ ƻŦ ŀƴ ![ht ƛǎ ƛƴǘǊƻduced under 
the (WTO-SPS Agreement) (WTO, 2020a) ŀƴŘ ŘŜŦƛƴŜŘ ōȅ ǘƘŀǘ ŀƎǊŜŜƳŜƴǘ ŀǎ άThe level of 
protection deemed appropriate by the Member establishing a sanitary or phytosanitary measure 
to protect human, animal or plant life or health within its territoryέΦ ²ƘƛƭŜ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ŀƴ ![ht 
has been widely debated internationally, the important consideration in the context of pest 
ǘƻƭŜǊŀƴŎŜǎ ƛǎ ǘƘŀǘ ŎƻǳƴǘǊƛŜǎ ǘƘŀǘ ŀǊŜ ƳŜƳōŜǊǎ ƻŦ ǘƘŜ ²¢h άshall avoid arbitrary or unjustifiable 
distinctions in the levels it considers to be appropriate in different situations, if such distinctions 
result in discrimination or a disguised restriction on international tradeέ (WTO, 2020a).  This 
means that the tolerance assigned to a pest for a consignment should not vary arbitrarily or 
unjustifiably in different situations. This aspect of pest tolerance is extremely important when 
comparing different inspection designs, especially fixed proportion sampling against Risk-Based 
Sampling. 

6.1.2. Level of Confidence 

!ŎŎƻǊŘƛƴƎ ǘƻ L{ta ом άThe confidence level indicates the probability that a consignment with a 
degree of infestation exceeding the level of detection will be detectedέΦ  CƻǊ ŜȄŀƳǇƭŜΣ ƛŦ ǿŜ ǎŜǘ ǘƘŜ 
detection level of pest at 0.5% (1 infested unit in 200), then a sample size that provided a 95% 
level of confidence would indicate that 95% of all samples of that size would detect a 0.5% level 
of pest infestation. Since a confidence level of 100% is not feasible under the normal operational 
conditions of inspection, the required level of confidence is conventionally set at 95%.    

6.1.3. Efficiency of detection (sensitivity) 

The efficiency of inspection refers to the detectability of a pest if it is present.  Certain pests are 
more easily detected and certain inspectors may be better at finding some pests than others.  The 
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conditions for inspection (e.g., indoors versus outdoors) can also be an important factor affecting 
sensitivity. The process of inspection is highly variable and has notoriously low sensitivity, but 
inspectors tend to wrongly assume sensitivity is 100% or they ignore it altogether. 

6.1.4. Level of Pest Risk 

In the same way that all pests are not equally detectable, all pests do not have the same risk. Risk 
is defined as the likelihood of the pest causing an impact and the magnitude of that impact (= 
consequences). As most consignments undergo some degree of dispersion within the importing 
country, and the pests themselves may undergo some degree of mortality and dispersion in the 
consignment, the likelihood of a single pest in a consignment causing a significant impact is quite 
low.  If the pest needs to successfully complete its development, find a mate, breed, establish a 
new population and then spread into areas where impacts can occur, it is likely that many 
individuals will need to infest the consignment or infest many consignments that have the same 
destination for risk to be substantial. Thus, understanding the level of tolerance and the level of 
infestation is critical to linking inspection results to pest risk. 

6.1.5. When is inspection not appropriate? 

ISPM 23 notes that the use of inspection to detect the presence or incidence of pests in a 
consignment is based on the following assumptions: 
 

¶ The pests of concern, or the signs or symptoms they cause, are visually detectable; 

¶ Inspection is operationally practical; and 

¶ Some probability of pests being undetected is recognized and accepted. 
 
The reliance on inspection as a phytosanitary measure is therefore not appropriate when the pest 
is too difficult to detect because the ability to detect the pest using inspection is below the 
required tolerance level.  In other words, the level of protection required by the importing country 
cannot be achieved by using inspection. 
 
Other measures must be considered in circumstances where inspection is not effective or 
feasible.  An example of this can be seen with the importation of large consignments of grain for 
processing.  Visual inspection of a consignment for some types of pests can require very large 
samples to be taken requiring many hours of inspection.  In this case, safeguarding (= protecting) 
the integrity of the grain consignment until the grain is processed and the pest risk eliminated is 
a more practical measure to implement. 
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Inspection of fresh fruit using a hand lens.  Although the fruit is smooth and light colored, the calyx end can harbor 
small pests and protect them from washing and detection. 

Source - https://www.eppo.int/MEETINGS/2003_meetings/wk_inspectors_2003 

6.2. Fixed proportion sampling  

When sampling first became widespread as part of inspection protocols for phytosanitary 
protection, most of the sampling methods relied on percentage-based sampling. To undertake 
percentage- based sampling, a target sample size is selected as a percentage of the total 
consignment size, e.g., 10%.  The size of the sample is then calculated as a percentage of the total 
consignment size.  For example, if the chosen percentage is 10% and the consignment contains 
8,400 items, the sample size would be 10% of 8,400 or 840 items.  This form of sampling provides 
a linear relationship between sample size and consignment size (see Figure 1). 

There are several advantages to using percentage- based sampling.  First, the sample size is easy 
to calculate.  If you know in advance what the percentage sample size will be, all those involved 
in the trade (producers, exporters, importers, inspectors, etc.) can determine how large the 
sample size will be.  Second, if destructive sampling is required (the sample units are destroyed 
during inspection, e.g., dissected), then only a small proportion of small consignments will be 
destroyed.  A major disadvantage to percentage-based sampling is that large samples are 
required for large consignments (see Figure 1).  This can make percentage sampling impractical 
for many forms of trade. 
 

https://www.eppo.int/MEETINGS/2003_meetings/wk_inspectors_2003
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Figure 1. The relationship between sample size and consignment size using a percentage-based sampling that 
equals 10%. 

The most significant problem with percentage-based sampling that makes it inappropriate and 
not technically justified for use in international trade relates to the relationship between sample 
size and the Appropriate Level of Protection (ALOP).   
Figure 2 demonstrates the relationship between the consignment size in  
Figure 1 and the level of protection (= the level of pest infestation detected at the 95% level of 
confidence) under a 2% percentage sampling regime. 
 

 
 

Figure 2. The pest infestation rate detected at the 95% level of confidence provided by a 2% sampling regime for 
increasing consignment sizes. 

It is apparent from Figure 2, that as the consignment size increases, so too does the level of 
protection provided by the sample.  In effect, the level of protection (pest tolerance) varies 
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depending on consignment size.  This is inconsistent with the requirements of the WTO-SPS 
agreŜƳŜƴǘ ǘƘŀǘ ǎǘŀǘŜǎ ƳŜƳōŜǊ ŎƻǳƴǘǊƛŜǎ άshall avoid arbitrary or unjustifiable distinctions in 
the levels it considers to be appropriate in different situations, if such distinctions result in 
discrimination or a disguised restriction on international trade (WTO, 2020a)έΦ  

6.3. Risk-Based Sampling 

Risk-Based Sampling methods, in their simplest form, ensure the level of sampling for inspection 
maintains a consistent level of protection across all consignment sizes.  Risk-Based Sampling 
designs also ensure that the limited resources available to phytosanitary authorities are fairly 
applied to consistently mitigate risk. 
 
Risk-Based Sampling (RBS) applies a statistically based sampling method involving the 
determination of several interrelated parameters and the selection of the most appropriate 
statistically based sampling method (ISPM 31). Using RBS for inspection promotes technically 
justified approaches consistent with International Standards for Phytosanitary Measures (ISPMs) 
and with obligations according to the WTO-SPS Agreement and the WTO-Trade Facilitation 
Agreement (WTO-TF). 
 
ISPM 31 lists parameters that should be considered when determining the appropriate sample 
size under RBS.  These include the acceptance number, level of detection, confidence level, 
efficacy of detection, acceptable level of pest infestation, and the statistical distribution used to 
determine the sample size estimation. These terms are defined below. 

6.3.1. Acceptance number 

The acceptance number is the number of infested units or the number of individual pests that are 
permissible in a sample of a given size before phytosanitary action is taken (ISPM 31).  As it is 
usual for phytosanitary authorities to want to apply the smallest sample size possible to minimize 
restrictions to trade, the most common acceptance number in a sample is zero.  However, there 
may be several pests of concern potentially associated with the consignment.  If one of these 
pests has a higher infestation tolerance than the other pests, it may be acceptable to allow one 
or more pests to be detected before rejecting a consignment. This is consistent with the principle 
of managed risk, recognizing that different pests have different risks.  

6.3.2. Level of detection 

The level of detection is the minimum percentage or proportion of infestation that the sampling 
methodology will detect at the specified efficacy of detection and level of confidence and which 
the NPPO intends to detect in a consignment (ISPM 31). 

6.3.3. Confidence level 

The confidence level is discussed in the numeral 6.1.2.  A confidence level of 95% is conventionally 
used and should be assumed unless otherwise specified.  
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6.3.4. Efficacy of detection (sensitivity) 

The efficacy of detection is the probability that an inspection or test of an infested unit(s) will 
detect a pest.  In general, the efficiency should not be assumed to be 100% (ISPM 31). 

6.3.5. Acceptable level of pest infestation 

The concept of an acceptable level of pest infestation is represented by the acceptance number 
discussed above. Any value below this number is an acceptable level of infestation and represents 
the tolerance. 

6.3.6. Statistical distribution 

According to the ISPM 31, the hypergeometric distribution is appropriate to describe the 
probability of finding a pest in a relatively small lot when sampling without replacement which is 
typical of phytosanitary inspections.  When sampling large lots that are sufficiently mixed 
(homogeneous), the likelihood of finding an infested unit may be approximated by either the 
hypergeometric distribution or simple binomial statistics.  

 
In the case of aggregated spatial distribution of pests, sampling can be adjusted to compensate 
for aggregation. For this adjustment to apply, it should be assumed that the commodity is 
sampled in clusters (for example, boxes) and that each unit in a chosen cluster is examined 
(cluster sampling). In such cases, the proportion of infested units is no longer constant across all 
clusters but will follow a beta density function (ISPM 31).  Other statistical distributions may also 
be appropriate. 

6.3.7. Advantages and disadvantages of Risk-Based Sampling 

The main disadvantage of Risk-Based Sampling (RBS) is the need to calculate the sample size for 
different size consignments.  While this disadvantage can be easily overcome by using published 
tables or a web-based sample size calculator, determining the values required as parameters for 
the calculations can initially seem complex. Risk-Based Sampling also creates difficulties in 
destructive sampling of small consignments (see Figure 3).  If most of the consignment must be 
sampled, much of the consignment may be destroyed. 
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Figure 3. Risk-based sample sizes assuming a 100% level of detectability, 95% level of confidence, a 0.5% acceptable 
level of infestation, and using a hypergeometric distribution. 

The main advantage of Risk-Based Sampling is that the level of detection is consistent across all 
sizes of consignments. This ensures phytosanitary authorities are applying inspection as a 
phytosanitary measure consistent with their WTO-SPS Agreement obligations.  The other 
advantage is that the sample size plateaus as the consignment size increases. We see in Figure 3 
that the sample size for small consignments is relatively large but becomes a smaller proportion 
of the consignment as consignment size increases until it becomes almost constant.  This extends 
the versatility of inspection across even the largest consignments. 

6.4. Risk-Based Sampling systems and policies 

Risk-Based Sampling is focused on single consignments. Risk-Based Sampling system designs (RBS 
systems) look at inspections broadly to include samples taken from many consignments over a 
period of time, in a defined area, or across a particular inspection variable such as origin or 
commodity class.  Risk-Based Sampling system designs (reduced herein to simply RBS systems) 
reflect the practical reality that phytosanitary authorities world-wide have only limited resources 
to apply to the management of phytosanitary pests moving in trade and thus need to prioritize 
their efforts to focus on risk and apply inspection policies consistently across their imports. 

 
RBS systems combine evidence and statistics from RBS inspections to inform inspection priorities 
and help phytosanitary authorities to systematically adjust inspection designs to optimize the 
effectiveness and efficiency of inspection activities as a risk management procedure. The 
implementation of RBS methodologies is the key to providing consistent inspection results that 
can be used to promote technically justified approaches for phytosanitary inspections. Risk-Based 
Sampling forms the foundation for RBS systems that allow for expedited trade in low-risk 
commodities (Euphresco, see Objective 2017-R-4.1). 
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w.{ ǎȅǎǘŜƳǎ ǿŜǊŜ ŦƛǊǎǘ ŀǇǇƭƛŜŘ ǘƻ ŀƛǊ Ǉƻƭƭǳǘƛƻƴ ŎƻƴǘǊƻƭ ǇǊƻōƭŜƳǎ ōȅ wŜǎƻǳǊŎŜǎ ŦƻǊ ǘƘŜ CǳǘǳǊŜΩǎ 
Winston Harrington in 1988 (Epanchin-Niell , et al., 2016)Φ Lƴ IŀǊǊƛƴƎǘƻƴΩǎ ƳƻŘŜƭΣ ŦƛǊƳǎ ƳŀƪŜ ǘƘŜ 
ŘŜŎƛǎƛƻƴ ǘƻ άŎƻƳǇƭȅέ ƻǊ άǾƛƻƭŀǘŜέ ŀƴ ŜƳƛǎǎƛƻƴǎ ǎǘŀƴŘŀǊŘΣ ŀƴŘ ǘƘŜ ǊŜƎǳƭŀǘƻǊ ǎŜǘǎ ŀ ǇƻƭƛŎȅ ǘƻ ŀŎƘƛŜǾŜ 
a target compliance rate with the lowest number of inspections. Firms are divided into high- and 
low-compliance groups, each with an assigned inspection frequency and penalty for non-
compliance. Firms with the worse compliance records are subject to some combination of more 
intense inspection, greater penalties for violations, or tougher standards. However, firms can 
move between groups based on outcomes of recent inspections and an assumed set of transition 
rules (Epanchin-Niell , et al., 2016).  
 
Harrington found that a direct benefit of this type of targeted inspection policy is that incentives 
for cleaner activity are steered toward the dirtiest entities. An additional indirect incentiveτ
ƪƴƻǿƴ ŀǎ άŜƴŦƻǊŎŜƳŜƴǘ ƭŜǾŜǊŀƎŜέτis generated from the threat of moving into the high-
inspection/high-penalty group or the prospect of escaping into the low-inspection/low-penalty 
group (Epanchin-Niell , et al., 2016). 
 
By designing whole-system inspection processes around basic statistical concepts, inspection 
programs are better able to identify and rank non-compliant imports.  Ranking based on action 
rates associated with pest interceptions helps inspectors and policy makers identify riskier 
imports and then adjust resources and policies to maximize the effectiveness of inspection.  By 
doing so, RBS systems enable phytosanitary authorities to allocate resources to higher risk 
pathways and consignments. 
 
In Risk-Based Sampling, the design of the sampling plan is based upon sound principles and the 
experience of experts. Organizations using this method will have a baseline number for sample 
size based upon risk and performance, and that number can change based on prior inspection 
results ς it may be reduced due to good results or tightened due to poor results. Implementing a 
risk-based method can help authorities and industry spend less time and money, but it requires 
a data collection and analysis mechanism to detect trends and track changes in the sampling 
system. 
 
The shift from flat percentage sampling to RBS systems requires appropriate data and analysis to 
identify the concern, the magnitude of the concern, and changes in its status over time.  This 
requires metrics that come from the analysis of data not previously available or not previously 
used in the same way.  
 
One starting point for this shift is to analyze existing inspection processes in order to calculate the 
level of detection that is currently achieved and identify weaknesses.  This approach can provide 
insight into the degree of variability in inspection results and issues that limit the use of inspection 
results for analysis and targeting.  Another starting point is to select a desired level of detection 
(e.g., a 5% infestation rate) and design a pilot inspection process that achieves the specified 
objective with statistically valid results.  This approach is especially useful to understand the 
resource commitment (human and monetary) required to achieve different levels of detection.  
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In either scenario, the objective is to be able to distinguish (rank) commodities, entities, countries, 
or whatever is being targeted using pest detections as a proxy (= a figure that can be used to 
represent the value of something in a calculation) for risk and then adjusting the design to 
redistribute the inspection effort for better management of the higher risk goods. 
 
Once a design is in place to consistently detect a specific level of infestation and valid data is 
available to rank results, the risk-basis for actions may be added to the calculus by evaluating the 

pests and pathways of concern for the 
probability and impact of pest 
introduction.  Combining statistically 
designed inspection results with data 
from pest or pathway risk analysis 
provides a complete and dynamic view 
of inspection as a phytosanitary 
measure and opens multiple doors for 
additional analysis.  Phytosanitary 
actions can be correlated to numerous 

different trade variables and targeting systems developed for pests, pathways, ports, or any other 
trade variable that we want to correlate with the risk.                    
 
RBS is the incorporation of basic statistical concepts into the policies and operations associated 
with inspection.  RBS uses the statistical background for inspection to better identify risks and 
balance risk and resources.  Perhaps the most important points to make in support of the shift to 
RBS systems is that it is fair and predictable to trade, defendable to stakeholders and trading 
partners, and provides all involved with a meaningful basis for using inspection as a phytosanitary 
measure. 
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7. WHY USE RISK-BASED SAMPLING 
Robert Griffin1, Maribel Hurtado2, Tamara Gálvez3 and María Elena Gatti4 

 
1. National Coordinator for Agriculture Quarantine Inspection USDA, APHIS, PPQ - Retired 

2. Project Manager for RBS 
3. Jefa Subdepartamento Regulaciones Fitosanitarias de Importación, División Protección Agrícola y 

Forestal ς SAG Chile 
4. Coordinadora General de Regulaciones Fitosanitarias. Dirección de Comercio Exterior Vegetal ς SENASA 

Argentina 

 
International trade fosters economic development. Many countries depend on exports and 
imports of agricultural products to sustain their economy and feed their citizens.  Globalization 
has greatly accelerated and expanded worldwide commerce, increasing the opportunities for 
more and faster trade, but also increasing the risk for the introduction and spread of pests 
associated with agricultural products.  Regulatory programs cannot focus on only protection or 
only trade facilitation but must balance trade with protection in a way that minimizes 
phytosanitary risks and maximizes/optimizes the use of limited inspection resources.  In other 
words, safe trade is the objective. 

The WTO-SPS Agreement and the recently completed WTO Trade Facilitation Agreement (WTO-
TF) identify relevant principles and obligations for trade. The International Plant Protection 
Convention (IPPC) and its International Standards for Phytosanitary Measures (ISPMs) provide 
specific guidance to governments on key aspects of managing plant health risks. The combination 
of these international agreements and associated standards create an international framework 
for harmonizing national systems and facilitating safe trade.  

The international regulatory framework has been established through agreement by the 
governments that are members of the WTO 
(https://www.wto.org/english/thewto_e/whatis_e/tif_e/org6_e.htm) and contracting parties to 
the IPPC (https://www.ippc.int/en/publications/269/). Although legally enforceable through the 
binding Dispute Settlement process of the WTO, an essential reason for adherence is that 
harmonization1 of best practices creates a common design that benefits all countries. 
Harmonization is especially important for inspection because visual inspection of consignments 
is the phytosanitary measure used most frequently in international trade.  

The question addressed in this chapter is why RBS is the preferred design for inspection. The 
answer has two simple parts. First, the application of RBS is consistent with international 
obligations under the IPPC, the WTO-SPS Agreement, and the Trade Facilitation Agreement. 
Second, RBS is an approach that helps risk managers to dynamically balance risk and resources in 

 
1 The establishment, recognition and application by different countries of phytosanitary measures based on common standards [FAO, 1995; 
revised CEPM, 1999; based on the World Trade Organization Agreement on the Application of Sanitary and Phytosanitary Measures (WTO, 
1994)] (FAO, 2019) 

https://www.wto.org/english/thewto_e/whatis_e/tif_e/org6_e.htm
https://www.ippc.int/en/publications/269/
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a predictable, technically sound, and scientifically defendable way when using inspection as a 
phytosanitary measure. These points are elaborated further in the sections that follow.  

7.1. Perspectives on inspection 

¢ƘŜ ŀƴǎǿŜǊ ǘƻ άǿƘȅ w.{Κέ ōŜƎƛƴǎ ǿƛǘƘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ Ƴŀƴȅ ŘƛŦŦŜǊŜƴǘ ǇŜǊǎǇŜŎǘƛǾŜǎ ǘƘŀǘ ƛƳǇŀŎǘ 
decisions on inspection designs for a National Plant Protection Organization (NPPO). The range of 
themes that emerge from these perspectives demonstrate the importance and complexity of 
thoughtful inspection designs. 
 

¶ NPPO Inspectors ς The inspector wants to find pests and demonstrate effective job 
performance. Inspectors perform best when provided with optimal conditions and clear 
guidance on priorities, risks, and best practices.  
 

¶ Producers, importers, and exporters ς This group of stakeholders represent the 
commercial interests in trade. They are primarily interested in moving their products with 
minimum cost and delay. They appreciate predictability and inspection designs that are 
consistently applied. Importers and exporters are motivated by inspection designs that 
reward compliance.  
 

¶ The NPPO ς Importing countries are also exporting countries. NPPOs expect inspection 
designs to be transparent, technically justified, consistent (predictable) for both exports 
and imports. Phytosanitary officials are also concerned with maximizing the effectiveness 
of risk management designs given their limited resources. They recognize that data 
derived from well-designed inspection schemes is a key source of information to enhance 
risk analysis and resource management.  
 

¶ Customs ς The WTO-Trade Facilitation Agreement (WTO-TF) identifies Customs as having 
overall responsibility for clearing goods and expediting the release of regulated articles 
moving in international trade. The NPPO plays an important role in assisting Customs with 
border clearance procedures. A strong collaborative relationship between Customs and 
the NPPO is needed to facilitate implementation of the WTO-TF. 
 

¶ IPPC ς The IPPC helps the NPPOs of its contracting parties to implement inspection 
procedures and sampling designs that are technically defendable by developing 
international plant health standards, including ISPM 23 (Guidelines for Inspection) 
 and ISPM 31 (Methodologies for Sampling Consignments).  
 

¶ WTO-SPS and WTO-TF Agreements ς These international agreements are designed to 
reduce trade tensions by promoting free, fair, safe, and fast trade through a framework 
of obligations, principles, and concepts agreed by member governments. Inspection is a 
central area for the application of these provisions because it strongly affects trade.    
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¶ Paying stakeholders ς Stakeholders required to pay fees for phytosanitary services want 
to pay the minimum necessary for good service, well-designed programs, and consistent, 
defendable results. This includes inspection designs. 
 

¶ The general public ς The public want to have confidence that all products that have been 
ƛƴǎǇŜŎǘŜŘ ŀƴŘ ǊŜƭŜŀǎŜŘ ƛƴǘƻ ŎƻƳƳŜǊŎŜ ŀǊŜ άǎŀŦŜέ ŀƴŘ ǘƘŀǘ Ǉƭŀnt health authorities have 
maximized the effectiveness of their resources for risk management.  

Based on this diversity of viewpoints/perspectives, the ideal inspection design would: 

¶ be fully consistent with international obligations and standards;  

¶ provide maximum risk management value for the NPPO; 

¶ be scientifically sound;  

¶ technically defendable;  

¶ predictable for trade, and limit costs and delays; and 

¶ flexible enough to adjust for changes in risk and resources.  

The starting point for RBS by every 
NPPO is an assessment of how their 
current inspection operations can be 
revised to better meet criteria listed 
above. The discussions that follow are 
designed to highlight the advantages of 
adopting RBS.  

 

Inspection of pineapples with tops.  The rough surface of pineapples and rigid upward habit of the crown make 
them excellent pathways for contaminating pests, including weed seeds that fall into the crown and pests that may 

be at large in the box.  
Source - https://www.flickr.com/photos/sag-chile/50123017177/in/album-72157711380187833/ 

 The ideal inspection design rewards high compliance 

with expedited clearance while shifting more of the 

inspection effort to high risk consignments.   

https://www.flickr.com/photos/sag-chile/50123017177/in/album-72157711380187833/
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7.2. The International Regulatory Framework 

Any discussion of the international regulatory framework should begin with the understanding 
that its constituent agreements and standards have been created by member countries who have 
agreed on principles, concepts, terminology, procedures and processes that they believe are in 
the best interest of all parties. The objective of this framework is not to create burdens or barriers, 
but rather to encourage harmonization and facilitate safe trade for all who participate. 

The legal significance of the international regulatory framework cannot be overstated. The 
further countries stray from agreed guidance, the greater the risk of program failures and the 
threat of a challenge from trading partners, potentially leading to a formal dispute. The history of 
dispute settlement in the WTO offers many valuable lessons on the importance of understanding 
and correctly implementing the provisions of the WTO-SPS agreement and the international plant 
health standards developed by the IPPC (WTO, 2020b). Because inspection is a central element 
of all phytosanitary systems and has a major impact on trade, the application of inspection as a 
phytosanitary measure is a key area for alignment with the international regulatory framework. 
Fortunately, there is substantial guidance available to support the creation and adoption of 
harmonized inspection designs.  

7.2.1. The International Plant Protection Convention ς IPPC (the Convention) 

Article IV.2c of the International Plant Protection Convention (the Convention) states that 
inspection is a central responsibility of the NPPO. Article V.2a refers to the inspection of 
consignments for phytosanitary certification. Article VII.1.a explicitly identifies inspection as a 
phytosanitary measure. Article VII.2e talks about inspection requirements that take into account 
the perishability of consignments. These provisions highlight the importance of inspection.  

In addition, the Convention identifies and provides substantial guidance and disciplines relating 
to all phytosanitary measures, including inspection. Article VI.2 clearly limits the application of 
phytosanitary measures to regulated pests. The entirety of Article VII.2 contains provisions 
directly associated with minimizing interference with international trade. These provisions 
require that all phytosanitary measures, including inspection, are technically justified and 
represent the least restrictive measures available.  

The Convention highlights the importance of 
inspection as a phytosanitary measure and 
identifies key points that are obligations for 
contracting parties to understand and 
implement. Complementary guidance is 
provided by ISPMs 23 and 31 that are devoted specifically to inspection and sampling 
methodologies.  

άwŜƎǳƭŀǘŜŘ ǇŜǎǘέ- a quarantine pest or a 

regulated non-quarantine pest; (IPPC Art II) 
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7.2.2. International Standards 

ISPM 23: Guidelines for inspection, was adopted in 2005 (FAO, 2019 a). This standard describes 
the concept of inspection and procedures consistent with the current IPPC definition:  

άhŦŦƛŎƛŀƭ Ǿƛǎǳŀƭ ŜȄŀƳƛƴŀǘƛƻƴ ƻŦ ǇƭŀƴǘǎΣ Ǉƭŀƴǘ ǇǊƻŘǳŎǘǎ ƻǊ ƻǘƘŜǊ ǊŜƎǳƭŀǘŜŘ 
articles to determine if pests are present or to determine compliance with 
phytosanitary regulations [FAO, 1990; revised FAO, 1995; formerly 
άƛƴǎǇŜŎǘέϐέ 

It broadly identifies inspection as a procedure for verification of compliance with phytosanitary 
requirements and risk management. The standard establishes that inspection usually requires 
sampling and implies a tolerance for pests that escape detection. The importance of relating 
inspection to pest risk analysis (PRA) is also discussed in terms of using PRA to establish risk 
priorities and conversely, to use inspection to inform PRA. A distinction is made between general 
inspection for unspecified pests and a targeted inspection for specific pests. The standard also 
relates inspection to laboratory testing which has the same conceptual background and requires 
similar designs for sampling.  

ISPM 31: Methodologies for sampling of consignments, was adopted in 2008 (FAO, 2016a). This 
standard complements ISPM 23 with specific guidance on sampling consignments for inspection 
or testing. It provides technical discussions on relevant statistical concepts, their importance to 
sampling for inspection, and their application. The standard distinguishes between statistical and 
non-statistical sampling and provides basic guidance on selecting a sampling method. Tables and 
formulas are provided as references and to assist with calculations.  

7.2.3. The WTO-SPS Agreement 

A central tenet of the WTO-SPS Agreement is that governments should use the least restrictive 
measures to achieve their appropriate level of protection (ALOP). Another fundamental concept 
in the WTO-SPS Agreement is that phytosanitary measures should be technically justified and 
based on either international standards or risk assessment. 

ISPM 1: Phytosanitary principles for the protection of plants and the application of phytosanitary 
measures in international trade) (FAO, 2016b)  includes other key concepts related to inspection 
as a phytosanitary measure. These include necessity, managed risk, transparency, non-
discrimination, equivalence, and modification. Annex C of the WTO-SPS Agreement (Control, 
inspection, and approval procedures) discusses provisions that specifically address inspection: 
fees, confidentiality of information, and reasonable sampling. All other provisions in foundation 
documents that apply to phytosanitary measures in general would also apply to inspection. 

7.2.4   The WTO-Trade Facilitation Agreement 

The WTO-Trade Facilitation Agreement (2017) (WTO-TF) is the first multilateral trade agreement 
to be concluded since the World Trade Organization (WTO) was established in 1994. The 
Agreement is expected to reduce total trade costs by more than 14% for low-income countries 
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and more than 13% for upper-middle income countries by streamlining the flow of trade across 
borders (WTO, 2020c).  

The WTO-TF has no explicit provisions for agriculture or plant protection but is focused instead 
on expediting the movement, release, and clearance of all goods, including goods in transit. A 
central feature of the Agreement is the establishment of the Single Window for streamlining 
documentation requirements. This is complemented by provisions for moving towards entirely 
digital processes. The TF also sets out measures for effective cooperation between Customs and 
other border authorities on trade facilitation and customs compliance issues. 

Although the WTO-TF Agreement has no specific provisions for phytosanitary clearances, some 
aspects of the Agreement are strongly relevant. The following discussions cover key points for 
NPPOs to note in the context of inspection.  

Á Article 7: Release and clearance of goods 
According to the WTO-TF, each member shall adopt or maintain procedures allowing for the 
submission of import documentation and other required information, including manifests, in 
order to begin processing prior to the arrival of goods with a view to expediting the release of 
goods upon arrival, providing, as appropriate, for advance lodging of documents in electronic 
format for pre-arrival processing of such documents. 
 
The WTO-TF states that άΧŜŀŎƘ aŜƳōŜǊ ǎƘŀƭƭΣ ǘƻ ǘƘŜ ŜȄǘŜƴǘ ǇƻǎǎƛōƭŜΣ ŀŘƻǇǘ ƻǊ Ƴŀƛƴtain a risk 
management system for customs control, as well as design and apply risk management in a 
manner as to avoid arbitrary or unjustifiable discrimination, or a disguised restriction on 
international tradeΦέ  ¢ƘŜ WTO-TF does not prescribe a specific inspection design, but Article 7.4 
identifies characteristics of the clearance process that would strongly support the use of RBS.  
 
!Ǌǘ тΦмΦмΥ ά9ŀŎƘ aŜƳōŜǊ ǎƘŀƭƭ ŀŘƻǇǘ ƻǊ Ƴŀƛƴǘŀƛƴ ǇǊƻŎŜŘǳǊŜǎ ŀƭƭƻǿƛƴƎ ŦƻǊ ǘƘŜ ǎǳōƳƛǎǎƛƻƴ ƻŦ 
import documentation and other required information, including manifests, in order to begin 
processing prior to the arrival of goods with a view to expediting the release of goods upon 
ŀǊǊƛǾŀƭΦέ 

!Ǌǘ тΦпΦоΥ ά9ŀŎƘ aŜƳōŜǊ ǎƘŀƭƭ ŎƻƴŎŜƴǘǊŀǘŜ ŎǳǎǘƻƳǎ ŎƻƴǘǊƻƭ ŀƴŘΣ to the extent possible other 
relevant border controls, on high-risk consignments and expedite the release of low-risk 
consignments. A Member also may select, on a random basis, consignments for such controls as 
ǇŀǊǘ ƻŦ ƛǘǎ Ǌƛǎƪ ƳŀƴŀƎŜƳŜƴǘΦέ 

Single window: 

"A facility that allows parties involved in trade and transport to lodge standardized information 

and documents with a single-entry point to fulfill all import, export, and transit-related 

regulatory requirements.έ 
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!Ǌǘ тΦрΦнΥ ά9ŀŎh Member shall select a person or a consignment for post-clearance audit in a risk-
based manner, which may include appropriate selectivity criteria. Each Member shall conduct 
post-clearance audits in a transparent manner. Where the person is involved in the audit process 
and conclusive results have been achieved the Member shall, without delay, notify the person 
whose record is audited of the results, the person's rights and obligations, and the reasons for 
ǘƘŜ ǊŜǎǳƭǘǎΦέ 

Article 8: Border agency cooperation - Each Member shall ensure that its authorities and agencies 
responsible for border controls and procedures dealing with the importation, exportation, and 
transit of goods cooperate with one another and coordinate their activities in order to facilitate 
trade. Such cooperation and coordination may include alignment of working days and hours, 
procedures and formalities, development and sharing of common facilities, joint controls, 
establishment of one stop border post control. 

 
Article 10: Formalities connected with importation, exportation and transit - In this article related 
to the Single Window, the WTO-TF mentions that members shall endeavor to establish or 
maintain a single window, enabling traders to submit documentation and/or data requirements 
for importation, exportation, or transit of goods through a single entry point to the participating 
authorities or agencies. After the examination by the participating authorities or agencies of the 
documentation and/or data, the results shall be notified to the applicants through the single 
window in a timely manner. 
 
In cases where documentation and/or data requirements have already been received through the 
single window, the same documentation and/or data requirements shall not be requested by 
participating authorities or agencies except in urgent circumstances and other limited exceptions 
which are made public. Finally, members shall notify the Committee of the details of operation of 
the single window. Members shall, to the extent possible and practicable, use information 
technology to support the single window.  
 
Article 12: Customs cooperation - Customs is responsible for: 

- Transparency 

- Confidentiality 

- Reducing costs and administrative burden 

- System security 
 
Full implementation of the WTO-TF will have significant and far-reaching impacts on the 
phytosanitary community, especially the policies, procedures, and processes associated with 
border controls because: 

- Customs is wholly responsible for border clearance operations; 

- Border clearance agencies must collaborate with Customs; 

- Customs operates the Single Window System; 

- The Single Window System aims for fully digital clearance processes. 
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This raises both challenges and opportunities for NPPOs. One challenge is that it will no longer be 
possible for the NPPO to unilaterally establish or change inspection requirements. Customs 
collaboration is required for all border operations. An opportunity is that the WTO-TF provides an 
excellent opening for cooperation in the creation of a data collection system.  

7.3. Operational advantages of RBS      

Conformity with relevant international agreements and standards is a compelling reason for 
implementing Risk-Based Sampling (RBS), but inspection design is a practical and technical matter 
for front-line officials who are operationalizing inspection to balance resources and risk within 
their national policy framework.    

As mentioned previously, a full inspection cannot guarantee zero risk. Pests have different levels 
of detectability, and inspectors have different levels of effectiveness. This means there is always 
some probability that pests will be missed. This leakage or slippage results in an inherent 
tolerance associated with inspection. Measuring and managing this tolerance is the key to 
understanding the efficacy of inspection and opens possibilities for linking inspection to risk and 
adjusting it for maximum risk management given the available resources.  

In normal practice, inspection requires a portion of each consignment to represent the whole 
consignment. We can think of inspecting a consignment as equivalent to sampling for the 
detection of pests. The concept of sampling includes statistical parameters such as the acceptance 
level, the detection level, the confidence level, inspection efficiency and sample size. If we 
understand these basic concepts and their relationship in sampling, we can begin to imagine 
sampling designs that maximize the effectiveness of inspection as a phytosanitary measure. This 
could mean that we increase or decrease the sample size to achieve specific risk management 
objectives. We can also change the frequency of consignments we sample.  

Once we accept that it is not possible to eliminate risk using inspection, we begin thinking of 
inspection as a phytosanitary measure with statistical foundations. This leads us to think about 
the desired level of effectiveness and the statistical methods that can help us to create inspection 
designs that achieve our risk management objectives. Risk-Based Sampling helps us take 
advantage of the statistical parameters associated with sampling. To demonstrate these 
concepts, it is useful to study an example: 

Assume that we know the probability of detection for a pest in consignments of apples from 
Country A and Country B to be 14% and 86%, respectively. We then need to ask:   

- Is a 14% infestation rate acceptable? 
- Is an 86% infestation rate acceptable? 
- Is a range of 72% (from 14% to 86%) acceptable? 
- How well are we managing risk? 

Imagine now that we have had 10 similar consignments of apples from these countries over the 
last month and we are sampling 2% of each. Let us also say that one of the ten consignments from 
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Country A is rejected for a pest, but none of the shipments from Country B are rejected. Are 
apples from Country A, a higher risk for the importing country? Based on the number of actions 
per consignment it would appear so, but we really do not know because we cannot compare 
consignments that were inspected for vastly different detection levels.  

If 22 boxes is the maximum number that our inspectors are able to inspect, then we also need to 
ask ourselves how we can adjust all the inspections to achieve similar detection levels.  Again, we 
can use a hypergeometric table or calculate the sample size for the same detection level in 
different size consignments (Chapter 10, Appendices 2 and 1). If we do this, we see that to detect 
a 14% infestation rate in a shipment of 1,000 boxes, we need to sample 20 boxes. 

Now consider what would happen if Country B also started shipping consignments of 5,000 boxes. 
A 2% sample now jumps to 100 boxes. This inspection will require five times more effort than the 
1,000 box shipments from Country A! If we again calculate our detection level, we find that this 
level of sampling will detect an infestation level of approximately 3%. If we assume the infestation 
level of the apples is the same in consignments of 1,000 boxes as it is in 5,000 boxes, we can 
expect substantially more rejections for the large consignments because the inspection is much 
more rigorous. That should lead us to question the justification for this inconsistency.  

Finally, imagine that we have decided to adopt a Risk-Based Sampling approach and adjust 
inspection procedures to consistently detect a 20% infestation rate in all shipments regardless of 
size. The sample size for consignments from Country A will be 14 boxes and the sample size for 
small consignments from Country B will be 13 boxes. The sample size for large consignments from 
Country B will be 14 boxes.  

If all three consignments were to arrive at the same time, the total number of boxes arriving and 
needing inspection would be 6,100 (5,000 + 1,000 + 100). Using 2% sampling a total of 122 boxes 
would be sampled (100 + 20 + 2) with detection levels ranging from 3% to 14% to 86%.  

However, using Risk-Based Sampling the total number of samples required to consistently detect 
a 20% infestation rate for all boxes arriving would be 41 (14 + 14 + 13).  

Based on this simple but realistic example, percentage-based sampling results in much more work 
and poorer results. Not only is it less effective risk management, but it also requires more 
resources and holds larger consignments to a higher standard. How can a more rigorous 
inspection be justified for the same commodity from the same source when the only difference 
is the size of the consignment? 

7.3.1. Risk and resource management  

For over a century, NPPOs have placed great importance on inspection as a primary strategy for 
preventing the introduction of harmful pests. Whether or not anything is inspected, the fact that 
the international movement of people and goods is subject to inspection is a motivation for 
compliance. The threat of inspection, or rather the fear of negative repercussions from the results 
of inspection, are a deterrent to smuggling or other non-authorized movements. Risk managers 
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ǊŜƭȅ ƻƴ ǘƘƛǎ άŘŜǘŜǊǊŜƴǘ ŜŦŦŜŎǘέΣ ōǳǘ ǘƘŜ ǇƻǎƛǘƛǾŜ ŜŦŦŜŎǘ ƻŦ ƛƴǎǇŜŎǘƛƻƴ ŀǎ ŀ ŘŜǘŜǊǊŜƴǘ Ŏŀƴ ōŜ ƭƻǎǘ 
because of either ignorance of requirements or a strong desire to circumvent requirements.  

Knowing and accepting the reality that inspection is a deterrent, but not a fool-proof safeguard 
against pest entry, opens the discussion to questions regarding the desired effectiveness of 
inspection, the tolerance for slippage, targeting for higher risk, maximizing the detection value of 
available resources, and the consistent, and justified use of inspection as a phytosanitary measure 
under the obligations of the WTO-SPS Agreement. These are the questions that challenge NPPOs 
who continuously strive for maximum risk management value from the resources provided to 
them, recognizing that the situation in trade is constantly changing.  

The work of inspectors generates data that can be integrated and analyzed to provide useful 
insight for risk management. Because of this, it is important to identify critical data and have the 
means to capture and store the data that support analyses for risk-based decision-making. One 
possible objective for such analyses is the classification of trade based on risk related to pest 
interceptions. Such analyses help risk managers to identify high risk imports and subsequently 
adjust policies, resources, and operations to take maximum advantage of inspection 
effectiveness. 

In the exercise above, we imagine that ten consignments arrive from each source in one month 
and one is rejected. We intuitively react to the perceived increase in risk and may consider taking 
measures to modify future inspections or entry requirements as a result. However, if we analyze 
the variation in detection levels, we realize that the data we have collected for a month cannot 
help us because it cannot be compared. It cannot be compared because it is not consistent. The 
results of RBS inspections provide consistent results that we can use to compare consignments 
and risk, notice changes and trends, and adjust inspection accordingly.  

7.3.2. Trade 

Perhaps the most important points to make in support of the shift to RBS is that it is fair and 
predictable to trade, defendable to stakeholders and trading partners, and provides all involved 
with a meaningful basis for using inspection as a phytosanitary measure. These points and others 
described above are demonstrated in the example in numeral 7.3. RBS also helps international 
trade by providing a transparent and predictable process designed to consistently detect the 
same level of infestation independent of consignment size. This means that importers, exporters, 
and NPPOs will all have a similar understanding of inspection and confidence in the results.  

Because RBS is based on consistent detection levels, the results of RBS inspections can be used to 
rank or categorize consignments according to their pest interception risk and track changes to 
that condition over time. This allows NPPOs to identify consistently high or low risk consignments 
and respond with adjustments in their requirements. Exporters with consistently low risk 
consignments can be rewarded with less frequent and less rigorous inspections while those with 
consistently higher risk consignments can be subjected to more stringent inspection or other 






















































































































































































