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Abstract
North Korea’s nuclear breakout is often cited as evidence of the Nuclear Non-Proliferation Treaty (NPT)’s failure. This article argues that such judgements overlook the NPT’s critical institutional function of detection. Through screening, monitoring, and verification mechanisms, the NPT and International Atomic Energy Agency (IAEA) exposed Pyongyang’s violations and legitimized a global response, even though it could not by itself prevent North Korea’s withdrawal or weapons development. A case study analysis of North Korea’s nuclear weapons program (up to 2003) shows the treaty regime ‘worked’ by gathering and reporting credible evidence of noncompliance, which enabled United Nations actions and bilateral diplomacy (e.g., the 1994 Agreed Framework). Since the NPT and IAEA were never designed to enforce compliance, their value lies in making proliferation visible and thus facilitate enforcement by the broader international community. Recognizing detection as a measure of success can help strengthen the NPT regime despite isolated setbacks. 
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1 Introduction

For over five decades, the Treaty on the Non-Proliferation of Nuclear Weapons (NPT) and its implementation through the International Atomic Energy Agency (IAEA) provided the central institutional framework to limit the spread of nuclear weapons, promote disarmament, and facilitate peaceful nuclear cooperation. Often described as the most consequential diplomatic effort to reduce nuclear risk, the NPT is widely credited with keeping the number of nuclear-armed states far below Cold War projections, in part through reinforcing the core nonproliferation bargain.[footnoteRef:1] As one observer noted, the Treaty’s success in creating a ‘small and exclusive club’ of nuclear-armed states was greater than most policymakers expected.[footnoteRef:2] Such observations emphasize the NPT’s success in limiting proliferation. [1:  Bunn 2003; Potter 2010.]  [2:  Abe 2020.] 

     Fast forward to the present, critics are much less sanguine about the success of the NPT and observers warn of mounting strains on the regime. They highlight, among others, the unequal structure that privileges the nuclear weapons states (NWS) over the non-nuclear weapon states (NNWS); the delay in nuclear disarmament; rogue regimes’ clandestine development of nuclear weapons programs; and the treaty’s inability to deal with nonparties.[footnoteRef:3] Thus, some scholars and activist groups have entertained or advocated the idea of withdrawing from or replacing the NPT altogether.[footnoteRef:4] [3:  Joyner 2011; Perkovich 2006; Abe 2020; Knopf 2022; Bunn 2003.]  [4:  Pretorius and Sauer 2022; Pretorius and Sauer 2021; Müller and Wunderlich 2020.] 

     The effectiveness of the NPT has been assessed, implicitly or explicitly, primarily through whether it has prevented proliferation activities and the emergence of new nuclear-armed states. In this framing, success is measured by the absence of proliferation activities and additional proliferators; failure is signaled by proliferation efforts and appearance of any new nuclear-armed state.[footnoteRef:5] This lens has deep roots in both arms control theory and international relations scholarship, where the prevention and deterrence functions of regimes are often foregrounded as the primary measure of institutional performance.[footnoteRef:6] Such assessments have produced a recurring narrative: while the NPT has ‘succeeded’ in limiting the spread of nuclear weapons overall, it has ‘failed’ in high-profile cases where determined states have pursued or obtained nuclear weapons capability.[footnoteRef:7] These assessments dominate review conference debates, where the number of nuclear-armed states is cited as a barometer of the treaty’s health.[footnoteRef:8] [5:  For a systematic examination of the Treaty’s success and failure, see Dunn 2009.]  [6:  Pretorious and Sauer 2022. ]  [7:  See the assessment of Article II in Dunn 2009.]  [8:  Baldus et al. 2021.] 

     The attention paid to the failure to deter or punish violators has also drawn the literature’s focus to the limits of enforcement,[footnoteRef:9] that is, the use of corrective measures or punishment to bring violators back into compliance.[footnoteRef:10] Yet enforcement is only half the story when assessing key institutions in the nonproliferation regime, namely the NPT and the IAEA, because neither is designed nor empowered to enforce.[footnoteRef:11]  [9:  E.g., Kaplow 2023, 150-184; Habib 2016; Sievert 2010; Cirincione 2005; Butler 2003.]  [10:  Following the IAEA, enforcement refers to the ‘application by a regulatory body of sanctions against an operator, intended to correct and, as appropriate, penalize non-compliance’. IAEA 2025, 2. Some enforcement measures include threats, promises, persuasion, and the use of force. See Keeley 1987, 28; Mitchell 1997.]  [11:  Mitchell 1997,] 

     Instead, as argued in this paper, the NPT and IAEA contribute to the nonproliferation regime through the detection function. Composed of the screening, monitoring, and verification (SMV) mechanisms, the detection function reveals, documents, and escalates proliferative behaviors. This process generates authoritative information, that is, knowledge produced through specialized technical expertise and institutional impartiality, whereby findings are generated through rule-bound, politically independent procedures that render them credible to the international community as a basis for collective action.[footnoteRef:12] Such information, in turn, mobilizes collective responses, shapes diplomatic engagement, and legitimizes enforcement, which creates the conditions that make enforcement possible.[footnoteRef:13] Literature on international cooperation recognizes that enforcement and detection are related but analytically distinct functions, both of which strengthen compliance and cooperation. Crucially, enforcers such as the United Nations Security Council (UNSC) can only apply enforcement measures once violations have been detected.[footnoteRef:14] By institutionalizing violation detection and reporting, the NPT and IAEA thus facilitate enforcement by building up the sequential precondition. Assessing the NPT and IAEA through their detection role allows evaluations of their success to align more closely with their institutional functions and properly account for a dimension of international cooperation and enforcement that receives less attention. [12:  On how international organizations derive authority from the combination of technical expertise and perceived impartiality, see Barnett and Finnemore 1999, 707.]  [13:  Dai 2002; Fearon 1998.]  [14:  E.g., Downs et al. 1996; Fearon 1998; Abbott 1993.] 

     In this article, we analyze the detection function of the NPT and the IAEA. We conceptualize detection as comprising the screening, monitoring, and verification (SMV) mechanisms, which are embedded in the Treaty and the IAEA, and demonstrate how these mechanisms contribute to institutional performance.[footnoteRef:15] Specifically, we illustrate this claim through a case study of North Korea. Rather than asking why or how Pyongyang ultimately proliferated, we examine how the NPT/IAEA system detected and escalated its violations, thereby enabling enforcement up to North Korea’s 2003 withdrawal. While often portrayed as a definitive case of NPT failure,[footnoteRef:16] we argue that the record on NPT’s vitality is more nuanced when viewed from the perspective of institutional process: even though North Korea ultimately proliferated, the treaty ‘worked’ by making noncompliance public and laying the groundwork for collective action. We stop our analysis at the time when North Korea withdrew from the NPT because contention over its withdrawal is outside the scope of the study and is a political question, rather than a functional matter. [15:  Dai 2002 makes a similar case, but she focuses solely on monitoring.]  [16:  E.g., Kim 2024; Tannenwald 2024; Gershman and Huntley 2005.] 

     This study contributes a different dimension to debates on the NPT and IAEA by examining the functions that make the treaty worth preserving. While extensive research has focused on the NPT’s success and durability, considerably less attention has been paid to understanding the specific mechanisms that underpin its value. This angle is important because without clarity on how the treaty operates and why the international community values it, there is a risk of sustaining the treaty for the treaty’s sake. Moreover, if the international community decides to keep supporting the treaty, the scholarly and policy communities can gain from identifying which core functions merit reinforcement to strengthen the nonproliferation regime. Alternatively, if the international community decides to abandon the treaty, it is crucial, too, to know the features of the NPT and the IAEA that might be important to replicate the effective proliferation-limiting mechanisms in future arrangements. The NPT’s institutional design is unique in this respect because it is a treaty without a dedicated secretariat or executive board. That means, it does not have an agency that can act as an advocate or actively adapt it to survive the changing international political environment.[footnoteRef:17] Hence, good knowledge of the treaty and its functions can be especially valuable, because institutional knowledge will rely on the scholarly and analytical communities that study it. [17:  On how international organizations survive, see Dijkstra et al. 2022.] 

     The rest of the paper proceeds as follows. First, we reorient the analytical focus on the institutional process of the NPT/IAEA system and argue that the role of detection is a vital, if underappreciated, ingredient of the nonproliferation regime. Next, we conduct process-tracing analysis of the North Korean case to show these SMV mechanisms in action. Finally, we conclude with broader implications for assessing institutional performance in global governance regimes. 


2 The Role of Detection, NPT and IAEA

2.1 Detection and the Process-based Framework

Conventional scholarly and policy assessments judge the NPT and the wider nonproliferation regime in terms of whether they have prevented or curtailed the spread of nuclear weapons. In much of the literature, either implicitly or explicitly, the treaty’s legitimacy is informed by its record of stopping states from crossing the nuclear threshold.[footnoteRef:18] Similarly, policy analyses reinforce this framing and describe the NPT as a bulwark against proliferation and emphasize its role in limiting the number of nuclear-armed states, i.e., maintaining a ‘small and exclusive’ nuclear club.[footnoteRef:19] This logic mirrors the Treaty’s stated objectives under Article I and II: to prevent the transfer of nuclear weapons and to deter NNWS from acquiring them. It prioritizes deterrence and prevention as the primary metrics of success—if no new states acquire nuclear weapons, the regime is deemed effective; if they do, it is not.  [18:  E.g., Fuhrmann and Lupu 2016; Jo and Gartzke 2007; Singh and Way 2004; Sagan 2011; Hymans 2006; Potter 2010; Azaran 2005; Kaplow 2023; Kettrie 2007.]  [19:  Miller and Scheinman n.d.; Kutchesfahani 2018; Horschig 2024. ] 

     However, evaluating the NPT and IAEA based on such measures obscures crucial aspects of how the regime actually functions. Even well-designed regimes can fail in the face of determined actors, especially when the potential benefits of violations, or the costs of not violating, are high. Moreover, full compliance is an unrealistic benchmark for any international institution, and particularly so for one lacking autonomous enforcement powers.[footnoteRef:20] Accordingly, we adopt a complementary framework to evaluate the NPT and IAEA’s institutional capacity for detection. Through detection, they generate credible institutional knowledge, underpins the legitimacy of enforcement, and enables collective diplomacy.[footnoteRef:21]  [20:  Chayes and Chayes 1991; Bohlen 2003.]  [21:  Findlay 2013; Goldschmidt 2008. Nuclear proliferation activities are difficult to detect due to technical complexity (e.g., latency and the dual use nature of nuclear facilities) and the potential for deliberate concealment by determined proliferants. The NPT and IAEA provide value precisely because they help states alleviate these technological barriers. The IAEA’s independent inspection capacity and technical expertise enable it to detect clandestine activities where states lack comparable capabilities. See, Abbott 1993, 34-35. Also see Dai (2002), which argues that the IAEA is set up as such because states are interested in preventing other states from developing nuclear weapons but find it hard to detect noncompliance at a low cost.] 

     We conceptualize detection as an ongoing process of gathering evidence, often under conditions of ambiguity. The objective of detection is to compile evidence and inform collective judgement on a state’s compliance as bound by the Treaty and IAEA. This emphasis on detection reflects the functional logic of the regime. While the NPT and IAEA cannot directly enforce compliance, their institutional processes can generate authoritative information and legal designations (i.e., a state’s standing with the treaty) that empower actors, such as the UNSC, to act as enforcers. In other words, detection facilitates and contributes to enforcement: it is a mechanism through which the broader nonproliferation regime generates information that mobilizes response, legitimizes enforcement actions, and shapes state behavior over time.
     Expectations that the NPT and the IAEA will discover illicit nuclear activities or clandestine weapons programs are widespread.[footnoteRef:22] For example, Wolfgang Fischer writes that, ‘[i]f safeguards cannot detect clandestine [programs] by such states, a central pillar of the non-proliferation regime will collapse’.[footnoteRef:23] Reinhard Loosch, previously the Representative of the Federal Republic of Germany on the IAEA Board of Governors, states, ‘[t]he Principles proclaimed by the NPT Conference had reinforced the standing of the IAEA by… calling for increasing its capability to detect undeclared nuclear activities’.[footnoteRef:24] Hans Blix, former Director General of the IAEA, links deterrence with detection and suggests that ‘IAEA safeguards inspection remain a most visible measure designed to “deter from diversion by the risk of detection”’.[footnoteRef:25] Yet when assessed based on whether the NPT and IAEA have prevented proliferation, detection may paradoxically be seen as evidence of regime failure because it reveals violators, whereas success is defined by their absence. Focusing on how detection functions and contributes to regime effectiveness resolves this incongruity by recasting detection as evidence of institutional functionality and a contribution to subsequent enforcement actions.   [22:  Loosch 2000; IAEAa, n.d.]  [23:  Fischer 2000, 11.]  [24:  Loosch 2000, 33.]  [25:  Blix 2011, 6.] 

     Detection is composed of the screening, monitoring and verification (SMV) mechanisms, which make proliferators visible. Screening is the assessment of states’ risk of noncompliance and identifies states’ risk profiles.[footnoteRef:26] In the NPT, screening begins with accession: joining the NPT signals a willingness to accept reputational, political, and procedural costs. Refusal to join, as in India’s case, can expose a state’s preference for retaining nuclear weapons.[footnoteRef:27] However, screening does not stop at accession. As states join more institutions within the nonproliferation regime, they become more deeply embedded normatively and institutionally. This embeddedness, in turn, can signal that the state is less likely to proliferate, if not reduce the likelihood of proliferation.[footnoteRef:28] Screening is therefore an ongoing process, even if states’ risk profiles may not change frequently. [26:  Screening in this context operates similarly to practices in the medical and financial sectors. In medicine, health screening evaluates individuals against specified risk factors to identify heightened susceptibility to serious conditions, present or future. In finance, banks screen transactions to assess the likelihood of fraud and reduce exposure to financial crime. In both cases, screening is not a one-off process; it is done repeatedly to continually assess risks and risk factors. World Health Organization n.d.; Comply Advantage n.d. ]  [27:  Ghosh 2006.]  [28:  Kaplow 2023, 152-157. Similar dynamics are observed in the literature on international institutions and peace or democracy. As states or state dyads become more deeply involved in international institutions, scholars have found that states are more likely to transit to democracy or maintain peace between rivals. E.g., Hasenclever and Weiffen 2006; Pevehouse and Russett 2006; Keohane et al. 2009; Poast and Urpelainen 2018.] 

     Monitoring relates to the gathering of data to ensure that states’ activities and declared materials align with expectations and standards. When monitoring efforts find discrepancies, they raise suspicions on intent. Verification then cross-checks declarations and, importantly, investigates anomalies and discrepancies identified through monitoring.[footnoteRef:29] Together, these mechanisms not only constrain behavior but also reveal and document suspect activities. IAEA’s state-level concept (SLC), adopted in the early 2000s, reflects the workings of the SMV mechanisms, as SLC seeks to use continuous analysis of data to derive evaluations and broader conclusions about states’ level of compliance.[footnoteRef:30] [29:  Monitoring and verification are sometimes described as one process, and in practice, they can take place simultaneously (e.g., Dai 2002, 423). However, these are different processes. In environmental protection, for example, verification is done independently of monitoring to ensure that the monitoring programs are executed adequately and in accordance with guidelines (Environmental Protection Authority 2016). Hence, there is value in defining them separately and labeling them properly as each process serves a different function. ]  [30:  Carlson et al. 2020; Mayhew 2020, fn. 64. ] 

     Detection, overall, contributes to the mutually reinforcing relationship between enforcement and compliance. Strong enforcement deters violations because high costs of regime defection shift states’ calculations, making cheating less attractive than cooperation through complying with the regime.[footnoteRef:31] Yet, enforcers will be more inclined to perform the role only if enforcement is not too costly, that is, when compliance rate is high.[footnoteRef:32] This compliance-enforcement dynamic creates a circular problem: one depends on the other to function and be reinforced.  [31:  Downs et al. 1996.]  [32:  Coe and Vaynman 2015.] 

     Detection, through the SMV mechanisms, is therefore important, as it generates a means to initiating this mutually reinforcing relationship between enforcement and compliance. First, it reduces the costs of enforcement by identifying violators and providing information that allows enforcers to step in more decisively to enact enforcement actions. Second, by observing and revealing information about (non)compliance, detection discourages cheating due to the likelihood of exposure and incentivizes compliance across states should they learn of other states’ continued compliance.[footnoteRef:33] Third, through enabling enforcement, compliance incentives (or disincentives to not comply) can be strengthened since violation will run into a higher risk of sanctions and other related measures. On the whole, while detection cannot guarantee enforcement or compliance, it generates information through the SMV mechanisms that is necessary for regime maintenance and sustained cooperation.[footnoteRef:34] [33:  Kaplow 2023, 109-113.]  [34:  Fearon 1998.] 

     Examining the NPT and IAEA through their detection function also supplements enduring debates about how their performance should be evaluated. Some analysts emphasize the large number of compliant states as evidence of strength, while others point to the existence of violators as a sign of systemic weakness. Our framework suggests that this debate misses a crucial dimension: the institutional visibility of violators. Rather than focusing solely on the occurrence or frequency of violations, we argue that the regime’s performance can also be judged by its ability to reveal, document, and escalate proliferative behavior to support actionable enforcement of violations of international treaties and norms. The case of Iraq—where the failure to detect clandestine weapons programs prior to 1991 undermined international confidence—illustrates the costs of detection breakdowns.[footnoteRef:35] By contrast, a world in which proliferation efforts are made known—even if not wholly prevented—is one in which the NPT and IAEA are fulfilling a key functional role and allowing such violations to be enforced upon. In this view, the success of the NPT and the IAEA lies also in their capacity to make proliferation legible to the international system. This provides an institutionally grounded basis to assess the NPT/IAEA system’s long-term contribution to global nuclear governance.  [35:  Hӓckel and Stein 2000, 2.] 

     By focusing on detection, we thus highlight the ways in which institutions shape preference and behaviors, not just by threatening and imposing costs but also by producing knowledge and mobilizing constituencies. In the following subsections we examine how the NPT’s legal commitments and the IAEA’s safeguard system operationalize SMV, and we illustrate how these processes have functioned in practice through a case study of North Korea’s nuclear weapons program up until 2003.




2.2 NPT and Detection

The NPT operates as an institutional architecture for detection rather than merely a preventive mechanism. As an international legal agreement, the NPT creates a framework through which the international community can systematically screen, monitor, and verify potential proliferation activities. This process generates information that mobilizes collective responses, shapes diplomatic engagement, and legitimizes enforcement actions even when direct prevention proves impossible. 
     The Treaty’s screening function begins with accession itself. Joining the NPT constitutes a costly signal of commitment to nonproliferation norms, as membership entails accepting reputational, political, and procedural constraints.[footnoteRef:36] In so doing, the NPT facilitates the screening of state types since a state’s unwillingness to join the NPT could reveal information about its attitude toward the Treaty and the terms therein contained. Despite widespread criticism of the Treaty’s two-tier structure among non-nuclear weapon states, India’s persistent refusal to join distinguishes it from compliant parties precisely because membership would require dismantling its nuclear weapons program.[footnoteRef:37] Similarly, Pakistan’s decades-long rejection of the NPT membership while it was developing nuclear capabilities shows how non-accession can signal proliferative intent.[footnoteRef:38] [36:  Simmons and Hopkins 2005.]  [37:  Ghosh 2006.]  [38:  Miller and Scheinman nd.] 

     Additionally, by specifying such language that clarifies state types and responsibilities, the NPT provides information on the group to which states belong and the boundaries that delimit whether states are in good standing with the Treaty. To illustrate, the NPT codifies what constitutes a NWS versus NNWS and the three ‘basic bargains’ agreed upon between member states.[footnoteRef:39] By clearly delineating the rights and obligations of NWS and NNWS, the NPT enables the identification of treaty outliers and helps legitimize collective responses to violations.[footnoteRef:40] This identification and legitimation function is crucial, as the NPT lacks its own enforcement mechanism. Instead, enforcement depends on external bodies such as the UNSC, which may use the legally bound Treaty-defined violations as grounds for action. The stipulations thus provide the basis for the international community to pin down proscribed behaviors as violations and undertake actions to sanction the violator. States like the US and the Soviet Union have built upon the screening and coordination function of the NPT to perform the role of an enforcer,[footnoteRef:41] and the UNSC has at times passed resolutions to punish proliferants.[footnoteRef:42] [39:  Perkovich 2006. Also, see Koch 2020 on the political bargains that informed the negotiations behind the NPT.]  [40:  Howse and Teital 2010, 130.]  [41:  Coe and Vaynman 2015.]  [42:  Eckert 2009/10; Kanwar 2009.] 

     Article III operationalizes the NPT’s monitoring function by requiring NNWS to accept comprehensive safeguards through agreements with the IAEA. These safeguards aim to ensure that nuclear materials are not diverted to weapons programs ‘or other nuclear explosive devices’.[footnoteRef:43] This creates a legal framework for systematic surveillance. The monitoring system generates continuous information flows about states’ nuclear activities, material flows, and facility operations. When reporting discrepancies emerge—as occurred with North Korea’s plutonium reprocessing declarations—the system flags potential violations and triggers enhanced scrutiny and investigation.  [43:  Rockwood 2013, 5.] 

     The NPT’s verification function operates through collective assessment mechanisms that validate or challenge state declarations. In this way, the NPT Review Conferences serve as meta-verification processes, where the international community systematically evaluates regime effectiveness and identifies compliance concerns. Together, IAEA’s performance of the monitoring and verification function implements the NPT terms and, when doubts in compliance arise, the inspection and data collection process help enable enforcement by putting together a case for consideration by the UNSC or the major powers.[footnoteRef:44] Simply put, the Treaty provides legal and institutional scaffolding that other actors—such as the UNSC or major powers—can use to inform and legitimize responses to violations, although enforcement remains selective, political, and context-dependent. [44:  Kanwar 2009; Coe and Vaynman 2015.] 

     In all, the Treaty’s effectiveness can be found in its ability to make proliferation visible and legally actionable. The key SMV functions raise the barrier of proliferation by providing early warning signals to the international community and hence, is a ‘useful alarm’.[footnoteRef:45] Even when enforcement mechanisms do not take place or ultimately fail to prevent proliferation, as in North Korea’s case, the NPT succeeded in providing interim conditions that supported enforcement by establishing clear legal violations that justified international responses and sustained diplomatic engagement.  [45:  Blix 2010, 6.] 


2.3 IAEA and Detection

The IAEA’s institutional evolution reflects the changing demands of nuclear governance. Established in 1957 to promote peaceful nuclear technology,[footnoteRef:46] the Agency gradually assumed primary responsibility for implementing the NPT’s monitoring and verification requirements after 1970. This transformation accelerated following the 1991 discovery of Iraq’s clandestine weapons program, and today the IAEA effectively serves as the international ‘supervisory mechanism of nuclear non-proliferation rules’.[footnoteRef:47] [46:  Fischer 1997a, 71-108, 243-257.]  [47:  Coppen 2015, 170.] 

     The Agency’s screening function operates through its differential safeguards agreements and voluntary commitments. Under Article III, all NNWS are required to conclude Comprehensive Safeguards Agreements (CSAs) and even NWS signed Voluntary Offer Agreements (VOAs) to support global verification norms.[footnoteRef:48] States signal their transparency preferences through choices about safeguards levels. For instance, states that sign the Additional Protocol (AP) signal a higher degree of transparency and commitment, while refusal may raise suspicions—particularly in states with latent nuclear capacity.[footnoteRef:49] In 2003, Libya’s decision to voluntarily accept intrusive verification demonstrates how institutional screening can facilitate the signaling of policy reversals.[footnoteRef:50]  [48:  Blix 2010, 5; Fischer 1997a, 252-257; Rockwood 2013, 12.]  [49:  Gibbons and Robinson 2021.]  [50:  Boureston and Feldman 2004.] 

     In terms of monitoring, there are two distinct but complementary safeguards approaches by the IAEA. Under INFCIRC/153, the focus is on the correctness of states’ declarations through systematic accounting of declared nuclear materials.[footnoteRef:51] This approach emphasizes facility-level monitoring, routine inspections, and material balance verification. INFCIRC/153 also allows for special inspections of undeclared sites when compliance cannot be verified. However, the political sensitivity and procedural ambiguity surrounding their use have made them exceedingly rare.[footnoteRef:52] [51:  Fischer 2000, 12.]  [52:  Coppen 2015; Fischer 2000, 14; Rockwood 2013.] 

     Subsequently, the IAEA adopted the Additional Protocol (INFCIRC/540, or AP) in 1997, the second key safeguards document. The AP emerged directly from institutional learning following Iraq’s undetected weapons program (1980-1991) and North Korea’s safeguards violations (1992-1993). The IAEA evaluated safeguards gaps systematically and developed strengthened measures.[footnoteRef:53] The AP expanded access rights, allowing inspectors to verify the completeness of declarations—not just correctness—through investigating undeclared sites or suspicious indicators. Olli Heinonen, former IAEA Deputy Director General, noted that the institution’s focus thence shifted from accounting to ‘detective work’.[footnoteRef:54]  [53:  Hooper 1997.]  [54:  Gibbons and Robinson 2021, 301-303.] 

     The IAEA’s verification system evolved further through the SLC that integrates correctness and completeness verification while accounting for each state’s specific proliferation pathways and technical capabilities.[footnoteRef:55]  Rather than applying uniform inspection procedures, the SLC enables tailored verification that maximizes detection capabilities while minimizing intrusion for and bureaucratic burdens on compliant states. [55:  Bytchkov and Cooley n.d.] 

     Overall, the IAEA’s detection role underscores its function as a technical, not punitive, body. When compliance doubts arise, the IAEA gathers data, requests access, and escalates cases when technical resolution is impossible. However, the IAEA does not take enforcement actions through its own procedural and institutional responses. If inspectors remain unable to ascertain the non-diversion of nuclear materials, the IAEA can: issue a finding of noncompliance through its Board of Governors; withdraw technical assistance to the state; and refer the matter to the UNSC and UN General Assembly.[footnoteRef:56] These actions constitute consequential institutional responses that help translate technical findings into political processes that can be undertaken by enforcers. This graded approach acts as a screening mechanism, because refusals and non-cooperation by states at the initial stages of resolution themselves suggest cause for concern. This role of the IAEA safeguards as a ‘detection and alarm’ system is a ‘principle’[footnoteRef:57] that underscores the centrality of detection when evaluating IAEA’s success as an institution. This function is further institutionalized through the AP, which enhances the IAEA’s capacity to detect undeclared nuclear material and activities. [56:  Rockwood 2013.]  [57:  Fischer 2000, 13.] 

     To further support detection, the IAEA also carefully navigates the ‘disclosure dilemma’,[footnoteRef:58] in which states possess sensitive information about others’ violations but hesitate to reveal intelligence sources and methods. To encourage information sharing from states that might otherwise withhold such sensitive information, the IAEA upholds a strict confidentiality system and procedural safeguards, which ensure objectivity and neutrality without compromising collection capabilities.[footnoteRef:59] Similarly, the IAEA employs strict confidentiality practices, such as ‘managed access’ during verification, to allow states to guard sensitive information.[footnoteRef:60] Managing this trade-off encourages compliance, as excessive institutional stringency could provoke pushbacks or even withdrawals, particularly given the highly sensitive nature of nuclear technologies.[footnoteRef:61] [58:  Carnegie and Carson 2020.]  [59:  Carnegie and Carson 2020, 90-91.]  [60:  McLaughlin 2004.]  [61:  We thank our reviewers for pointing out this pattern that is observed in international law and trade. See Kucik et al. 2022; Peritz 2020; Kucik and Pelc 2016; Mitchell 1997, 48-49; Downs et al. 1996.] 

     As this discussion shows, the NPT and the IAEA play a big role in detecting and providing early signs of potential violations. In the next section, we illustrate how these functions were activated in the case of North Korea—a frequently cited example of NPT regime failure. The conventional argument is that the NPT has failed, as it did not prevent North Korea from advancing its nuclear weapons program or get Pyongyang to return to the NPT after its withdrawal in 2003. We show that up until 2003, the NPT and the IAEA have, rather, been successful in revealing information about Pyongyang’s attitude toward nonproliferation and documenting evidence that cast doubt on Pyongyang’s compliance with the NPT and IAEA safeguards. We stop at 2003 since there is no consensus on North Korea’s status in relation to the NPT after its withdrawal. In that respect, North Korea poses a different challenge to the NPT that concerns the interpretation of Article X (the withdrawal clause) of the treaty. 


3 North Korea’s Nuclear Program in the Context of the NPT and the Nonproliferation Regime

North Korea’s nuclear journey exemplifies how institutional detection mechanisms function even when prevention has failed. Specifically, rather than demonstrating the NPT regime’s deficiency, North Korea’s case illustrates how SMV processes systematically generated authoritative information about proliferation activities, enabling sustained international responses and diplomatic engagement. 
     The NPT’s screening function began operating immediately through North Korea’s non-accession decision in the 1970s as its nuclear weapons program began ‘in earnest’ due to growing regional insecurity.[footnoteRef:62] Pyongyang was not a supporter of the NPT from the beginning. It criticized the Treaty as ‘unequal and discriminatory’[footnoteRef:63] and had chosen to remain an NPT holdout while continuing its path on nuclear development. In 1974, Pyongyang joined the IAEA, allegedly to gain technical knowledge on reactor design.[footnoteRef:64] In 1977, it concluded a limited, item-specific safeguards agreement covering two nuclear research facilities at Yongbyon.[footnoteRef:65] While it gradually signed on to these nonproliferation mechanisms, North Korea’s holdout also revealed critical information about Pyongyang’s nuclear intentions and strategic calculations. [62:  Wakefield and Hathaway 2010. ]  [63:  Wunderlich et al. 2013, 276.]  [64:  Wakefield and Hathaway 2010.]  [65:  IAEAa n.d. On the difference between INFCIRC/66 and INFCIRC/153, see Bunn n.d.] 

     Throughout the 1980s, North Korea’s nuclear program remained driven by the desire to address its energy shortage and was politically framed as a response to South Korea’s operating nuclear power plant.[footnoteRef:66] Its motivations gave Moscow the leverage to condition the supply of four light-water nuclear power reactors on North Korea joining the NPT, ‘hoping this would lead to international inspection and control of Pyongyang’s nuclear facilities’.[footnoteRef:67] In 1985, Pyongyang joined the NPT due to pressures from the Soviet Union, which was in turn pressed by the US.[footnoteRef:68] However, Pyongyang only signed a CSA with the IAEA in 1992. This delay was much longer than the eighteen months given to state parties to conclude a CSA, beginning from the ‘date of initiation of negotiations’,[footnoteRef:69] although at this point, ‘North Korea is still on a plausible schedule leading to compliance with its IAEA and bilateral non-proliferation agreements’.[footnoteRef:70] [66:  Radchenko 2015; Szalontai and Radchenko 2006.]  [67:  Hecker et al., 2018.]  [68:  Mansourov 1995, 27; Mazarr 1997, 29.]  [69:  See Article III.4 in United Nations n.d.]  [70:  U.S. Department of State 2017.] 

     The process of getting to a CSA offers insights into North Korea’s view of the nonproliferation regime and its compliance with the NPT. Prior to Pyongyang signing the CSA, the US intelligence had already detected ‘suspicious nuclear facilities at Yongbyon’.[footnoteRef:71] Pyongyang insisted that IAEA inspections should be linked to reciprocal inspections of US bases in South Korea. Russia’s then Deputy Foreign Minister, Georgii Kunadze, met with North Korea’s Ambassador Son Seong-pil to demand Pyongyang’s compliance with the NPT by threatening to stop cooperation in the building of a nuclear power plant, military sales, and the supply of oil and nuclear fuel. Ultimately, North Korea agreed to sign a CSA ‘only “if the international pressure ceases”’.[footnoteRef:72] The following exchange elucidates Pyongyang’s position: [71:  Radchenko, 2015.]  [72:  Radchenko, 2015.] 


‘to sell North Korea’s compliance with IAEA demands at as high a price as possible. There was no inherent incompatibility of aims between DPRK and the broad “international community”—just a big difference in the understanding of how to get there. Kim Il Sung’s take on the matter was that compliance was only one in a complex set of variables, and the only one he personally controlled. Solving the equation then required other variables to be put into place. Kim had in mind a number of issues like his various inter-Korean initiatives, as well as direct dialogue with the United States, which he had tried to address in years past but with very little success. He clearly wanted to use the prospect of compliance to make headway on these other issues’.[footnoteRef:73] [73:  Radchenko, 2015.] 


     Following the CSA, North Korea submitted an Initial Report of its nuclear materials and facilities to the IAEA. However, the report contained ‘surprises’, such as three Magnox type reactors, one operating at 5MW(e) and two (50MW(e) and 200MW(e)) that are under construction.[footnoteRef:74] The 50MW(e) reactor ‘would have been able to produce as much as 40-50 kilograms of plutonium a year, enough for five to ten nuclear warheads’.[footnoteRef:75]  [74:  Fischer 1997b, 1.]  [75:  Fischer 1997b, 1.] 

     A total of six inspections subsequently took place between May 1992 and February 1993. IAEA inspectors employed multiple technical verification methods to assess North Korea’s declarations, ranging from material accountancy (measuring plutonium quantities in spent fuel and waste streams) and environmental sampling (collecting samples for isotopic analysis) to containment and surveillance systems (cameras and seals monitoring material movements).[footnoteRef:76] US satellite imagery had identified camouflaged waste sites in fall 1992,[footnoteRef:77] but this forensic capability—measuring americium-241 decay and plutonium-240 isotopic ratios in glove-box residues—could only be performed on collected samples, not remote sensing.[footnoteRef:78] By analyzing plutonium and americium isotopes in samples from reprocessing areas, the IAEA could determine when plutonium had been separated and how many reprocessing campaigns had occurred.  [76:  Boutin 2003, 74-75.]  [77:  Froscher 2019, 21-22. ]  [78:  Albright 1994. 66-67.] 

     These inspections produced analyses that showed the reprocessing of plutonium three times between 1989 and 1991,[footnoteRef:79] contradicting North Korea’s declaration of a single operation in 1990.[footnoteRef:80] The isotopic signature demonstrated that plutonium from fuel irradiated for different period had been processed at different times. The IAEA’s findings were based on multiple corroborating evidence steams: environmental samples from glove boxes, waste material analysis, and spent fuel measurements all indicated discrepancies with North Korea’s declared plutonium inventory.[footnoteRef:81] IAEA officials estimated that these findings suggested 7-14 kilograms of separated plutonium rather than the approximate 90 grams North Korea claimed.[footnoteRef:82]  [79:  Dembinski 1995.]  [80:  Fischer 1997b, 1.]  [81:  Albright 1994, 66-68]  [82:  Albright 1994, 75. Also, see Fischer 1997a; Hecker et al. 2018.] 

     To address the discrepancy, the IAEA requested visits to two waste sites and was denied access.[footnoteRef:83] These waste storage facilities likely contained material from all reprocessing campaigns, providing definitive isotopic evidence of plutonium production and enabling the IAEA to reconstruct North Korea’s complete plutonium inventory from fission product waste streams. The IAEA, regarding the North Korean situation as an ‘important test of its own credibility’,[footnoteRef:84] then requested to conduct special inspections in accordance with INFCIRC/153—for the first time since the IAEA affirmed its right to conduct them—and was likewise rejected. This denial ‘deepened suspicions’.[footnoteRef:85] In April 1993, without the ability to verify the non-diversion of nuclear materials, the Board of Governors at the IAEA ‘concluded that the DPRK was in non-compliance with its Safeguards Agreement and, in line with Article XII.C of the IAEA Statute, referred this non-compliance to the UN Security Council’.[footnoteRef:86] [83:  Carrel-Billiard and Wing 2010, 29.]  [84:  Wit et al. 2004, 34.]  [85:  Fischer 1997b, 4; Dembinski 1995, 33-34. On the different types of inspection, see Leventhal and Dolley 1994, 168.]  [86:  IAEAb n.d.] 

     The IAEA’s monitoring function demonstrated institutional effectiveness through systematic detection of North Korean violations despite Pyongyang’s sophisticated concealment efforts. The monitoring function’s success lay not in preventing violations but in generating authoritative evidence about them. IAEA’s inspectors’ findings provided definitive technical proof of North Korean deception, creating the factual foundation for subsequent diplomatic and legal responses. Even when North Korea restricted inspector access to waste storage in early 1993, the monitoring system had already accomplished its primary detection mission through environmental sampling and material accountancy at accessible facilities. This detection succeeded despite access constraints because multiple independent verification methods corroborated the finding of undeclared reprocessing.
     In response to the resumption of Team Spirit military exercises and the demand for special inspections by the IAEA, North Korea declared in March 1993 that it would withdraw from the NPT.[footnoteRef:87] Pyongyang’s goal was to create a crisis by putting the state of the nonproliferation regime on the line to draw US attention back to the peninsula and resume direct negotiations.[footnoteRef:88] Pursuant to UNSC Resolution 825,[footnoteRef:89] which is adopted after IAEA’s referral, the US held talks with North Korea in the summer of 1993.[footnoteRef:90] Exchanges followed, and a day before the withdrawal took effect, North Korea suspended it and agreed to recommence inspections due to Washington’s willingness to resume talks and meet some of Pyongyang’s demands.[footnoteRef:91] [87:  Sigal 2018.]  [88:  Snyder 2000, 8.]  [89:  Poneman 2007.]  [90:  The US led in the enforcement of North Korea’s compliance and negotiations with Pyongyang in part because members of the UNSC—in view of China’s veto—could not reach an agreement on the actions to take. Fischer 2000, 15.]  [91:  Sigal 1998, 125; Park and Peh 2020; Peh and Park 2021.] 

     However, due to the tough stances and differences among the IAEA, the UNSC, and the two Koreas, disagreements between Pyongyang and the IAEA continued and eventually led to the departure of its inspectors in March 1994.[footnoteRef:92] Later, North Korea withdrew from the IAEA, contributing to the Agency’s inability to confirm the continuity of safeguard. The IAEA’s judgement, in turn, provided the basis for the US to propose the imposition of UN sanctions.[footnoteRef:93] The IAEA’s referral of North Korea to the UNSC exemplified how verification mechanisms translate technical findings into political action. UNSC Resolution 825 grounded its call for compliance directly on the IAEA Board’s April 1993 non-compliance finding, making the Agency’s technical verification—not national intelligence—the international legal basis for addressing the crisis (UNSC 1993).[footnoteRef:94] Furthermore, Blix wrote to the UNSC in summer of 1993 noting that the IAEA could not ‘achieve the overall objective of comprehensive safeguards in [North Korea], namely, to provide assurance about the non-diversion of nuclear material’.[footnoteRef:95] This institutional escalation demonstrated the NPT framework’s capacity to legitimize collective responses to verified violations, even though enforcement ultimately proved limited. The IAEA inspections allowed for the UNSC to act and for the US to proceed with a gradual escalation strategy with North Korea.[footnoteRef:96] [92:  Du Preez and Potter 2003; Sigal 1998, 97-108.]  [93:  Poneman 2022, 82.]  [94:  Iran is an instructive but imperfect comparison. The IAEA did not detect Natanz or Arak through its own intrinsic means; both sites were revealed by the Iranian opposition groups in August 2002, after which the IAEA confirmed them through inspections (Gerami and Goldschmidt 2016). The subsequent noncompliance findings (GOV/2005/77), UNSC referral (GOV/2006/14), and first sanctions (UNSC resolution 1737, 2006) followed after significant delay driven by obstruction and geopolitical factors rather than detection failure. Cases of IAEA-intrinsic detection include Syria (Dair Al-Zour, 2008, where environmental sampling identified anthropogenic uranium particles at an undeclared site) (IAEA 2011) and Egypt (Inshas, 2007/08, where HEU particles were found in environmental samples) (Goldschmidt 2009).]  [95:  Albright 1994, 70.]  [96:  Wit et al. 2004, 34.] 

     While sanctions were underway, decisionmakers in Washington contemplated the cost and effectiveness of military actions. Plans for ‘conducting “surgical strikes” against North Korea’s nuclear installations’ were considered and then-president Bill Clinton recalled that he was ‘determined to prevent North Korea from developing a nuclear arsenal, even at the risk of war’.[footnoteRef:97] However, plans were pulled back at the last minute when the costs of military action and economic fallout were considered too hefty.[footnoteRef:98] The enforcement of North Korea’s compliance with the NPT and regime thus manifested into the verification-enabled diplomacy, the 1994 Agreed Framework.[footnoteRef:99] In exchange for the US’s negative security guarantee, the relief of economic sanctions, the establishment of diplomatic representation, and the provision of aid in energy, North Korea affirmed its status as a member of the NPT and agreed to freeze work on its plutonium production facilities.[footnoteRef:100] Despite North Korea’s withdrawal from the IAEA, the Agency played a critical role, under INFCIRC/457, by monitoring the freeze, including the three reactors located at Yongbyun and Taechon.[footnoteRef:101] This agreement lasted between 1994 and 2002. Throughout the period, the IAEA monitored North Korea’s nuclear program as part of the Agreed Framework, although under constraints that undermined detection capabilities. The Framework confined IAEA verification to declared freeze locations at Yongbyon, abandoning the comprehensive safeguards authority needed to investigate undeclared sites.[footnoteRef:102] This institutional narrowing—from investigative verification to compliance monitoring—prevented the Agency from detecting North Korea’s covert uranium enrichment program that surfaced in 2002.  [97:  Carpenter 2017; Poneman 2007.]  [98:  PBS 2003.]  [99:  Bas and Coe 2018.]  [100:  Park and Peh 2020, 106.]  [101:  Carlson 2020b. ]  [102:  Under comprehensive safeguards (INFCIRC/153 and AP), the IAEA investigates all undeclared nuclear material and activities. The Agreed Framework imposed situation-specific restrictions: the IAEA was ‘not authorized to conduct verification activities away from Yongbyon (other than the Taechon reactor) until a significant portion of the light water reactor project under the Agreed Framework was complete’ (Carlson 2020a). This shift from investigative to compliance-focused monitoring prevented detection of uranium enrichment activities. See Bytchkov and Carlson 2024 on verification modality changes.] 

     After the breakdown of the Agreed Framework, North Korea declared that it would withdraw from the NPT with immediate effect, exploiting the ambiguity in Article X of the NPT on the three-month notice requirement.[footnoteRef:103] On January 22, 2003, its official media outlet, the Korean Central News Agency (KCNA), published an extensive statement listing events and circumstances to justify its withdrawal and emphasized, in Article X’s terms, ‘extraordinary events’ that have ‘jeopardized the supreme interests of its country’.[footnoteRef:104] Accordingly, its withdrawal was chiefly ‘[t]o cope with the grave situation where our [North Korea’s] state security and national sovereignty are being threatened due to the United States and forces following the United States and the US tyrannical nuclear crushing policy toward the DPRK’.[footnoteRef:105] Since then, North Korea’s status with respect to the NPT remains inconclusive. [103:  Winters 2005.]  [104:  United Nations n.d.]  [105:  KCNA 2003.] 

     This discussion of North Korea’s nuclear program shows that through the SMV functions, both the NPT and the IAEA have performed their detection function: they revealed information on Pyongyang’s low commitment toward nonproliferation and gathered evidence that cast doubt on Pyongyang’s compliance. Indeed, Pyongyang’s hesitance in joining the NPT and the IAEA, and the reasons which eventually motivated it to become a member state highlight that it is not concerned so much with nonproliferation than meeting its energy needs and security concerns. This interest-based motivation is not necessarily a problem, but when viewed alongside Pyongyang’s persistent refusal to cooperate with the IAEA, and thus, violation of Article III of the NPT, the various pieces of evidence demonstrate how the NPT and the IAEA work as a useful alarm to alert the international community to cases that might present problems to the nonproliferation regime. Importantly, the ‘existence of the IAEA also made it easier for the United States to mobilize international political support in order to persuade North Korea to abandon bomb-making and implement the Agreed Framework, once it was reached’.[footnoteRef:106] [106:  Sigal n.d.] 

     The IAEA also supported the enforcement of Pyongyang’s compliance both by providing the US with reasons to pursue negotiations and giving the UNSC evidentiary grounds to impose sanctions. Both enforcement mechanisms eventually failed in constraining North Korea for reasons ranging from disagreements within the UNSC and US domestic politics to Pyongyang’s breaking of the spirit of the agreement by developing a uranium program.[footnoteRef:107] Nonetheless, the 1994 Agreed Framework delayed the progress of North Korea’s nuclear program, and as the discussions shows, the agreement’s fruition cannot be seen as distinct from the detective work made possible and laid down by the NPT and the IAEA. [107:  Peh and Park 2021; Pollack 2003.] 



4 Conclusion

The NPT and IAEA have been judged, implicitly or explicitly, by their record of preventing proliferation. However, this measure is somewhat in tension with the goals of the NPT and the IAEA, which are designed to identify violations and violators. This paper has argued that the observation of violators should not imply that the NPT and the nonproliferation regime is weak or is tending towards failure. Instead, their ability to detect such efforts, like North Korea’s, indicates the NPT and the IAEA’s institutional strength. The detection argument laid out in this paper thus supports and expands on existing work by suggesting that the regime has worked through the SMV mechanisms embedded in the terms and workings of the two institutions. 
     The NPT and the broader nonproliferation regime are not perfect. States and non-state actors have all debated, passionately, the limits of the regime and some scholars have even argued for the abandonment of the Treaty to make room for a different one. As such, the detection function of the NPT and IAEA should be understood as one—and not the only—way to evaluate the vitality of the regime. Moreover, as the case of North Korea’s nuclear program shows, the terms stipulated in the NPT are not always clear, and the workings of the IAEA are not always perfect, straightforward, or apolitical. That said, the detection framework remains valuable. By drawing attention to how actors can exploit loopholes, the international community can then work on closing them – be it through the NPT/IAEA system or an alternative one. 
     The detection framework developed here travels most readily to institutional arrangements that share one of the NPT/IAEA’s defining structural features: a technically capable and impartial international institution performing the detection function, which has a formal institutional linkage to an enforcement body capable of coercive action (i.e., the UNSC). The Organization for the Prohibition of Chemical Weapons (OPCW) represents the clearest parallel. Its Executive Council can refer noncompliance findings of particular gravity to the UNSC under Article XII of the Chemical Weapons Convention, a pathway activated in the Syrian case.[footnoteRef:108] The Comprehensive Nuclear-Test-Ban Treaty (CTBT), designed on the same detection-first logic,[footnoteRef:109] currently lacks an equivalent enforcement linkage because it has yet to enter into force. Where such linkage is absent altogether — as in the WTO, where noncompliance triggers reputational costs or trade retaliation rather than coercive multilateral enforcement[footnoteRef:110] — detection remains necessary, but its translation into collective action may depend on ad hoc political mobilization rather than institutional design. [108:  Trapp 2019.]  [109:  National Academy of Sciences 2002.]  [110:  Chayes and Chayes 1995; Downs et al. 1996; Hopewell 2025.] 

      In the light of the changing geopolitical environment, where conversations have now shifted toward discussing if and when countries like South Korea, Japan, Poland, and Germany, among others, might become nuclear latent states or proliferants,[footnoteRef:111] the detection function of the regime is arguably even more critical. The earlier that the NPT and the IAEA are able to identify such behaviors and actors, the more that regional and international actors can do to either prevent proliferation or mitigate the consequences that might follow. Given the current state of US extended deterrence, one can even argue that the US might have less will or means to stop even its own allies from going nuclear or furthering their levels of nuclear latency.[footnoteRef:112] At this time when proliferation concerns abound, states might consider strengthening support for the NPT and the IAEA. If so, it is worthwhile investing in figuring out where and how to strengthen the system. The detection framework provides one starting point. More creativity will be needed to figure out what more international institutions can do to reinforce legal mandates and constraints when major power competition and a bleak arms control future eclipse international politics. [111:  Cuéllar et al. 2025.]  [112:  Panda 2025.] 
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