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Abstract
The aim of the research was to develop a tool for impartially evaluating the state of relations between two states over a specific period. It comprised several stages. Initially, a set of potential indicators of bilateral relations was prepared based on desk research. Following the initial selection based on data availability, these indicators were discussed with 32 practitioners of international relations (diplomats and foreign service officers from 22 countries) during semi-structured interviews. The aim of the interviews was to assign weights to the respective indicators, thus preparing for the quantitative segment of the study. Utilizing available datasets and self-generated data, a multidimensional comparative analysis was employed to generate the Bilateral Relations Index (BRI), which was then tested by the example of Russia-US relations between 1992 and 2022. The study revealed fluctuations and a gradual deterioration of US-Russia relations, aligning with qualitative observations from the recent history of the relations between the two states.
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Introduction
Relations between states are subject to constant change. They range from war to peace, from hostility to cordial. Throughout history, states have been waging conflicts, signing peace treaties, forging alliances, developing trade, facilitating people-to-people exchanges, etc. They have been engaging in multilateral forums, whereas in the modern era of globalization and interdependence, the role of non-state actors in shaping international relations has also risen. These and many other factors have had a direct impact on bilateral interstate relations.
There has been an excessive amount of research concerning factors of international relations (IR). For example, virtually every state attempts to employ public diplomacy tools, such as exchanges, to shape relations with other countries. Unfortunately, this is where the challenge for a comprehensive IR study begins. It is relatively easy to investigate IR tools, but it is far more challenging to study the outcomes. How do we measure whether a public diplomacy initiative has brought two estranged states closer together? How can one ascertain whether statements made by political leaders or diplomats following meetings with their counterparts from other countries mean anything more than simple courtesy, typical for diplomacy? The lack of recognized, widely accepted, and universal indicators prevents objective assessment of whether relations between two states improved or deteriorated over some time. The purpose of this study is to fill this void and develop a methodological tool enabling assessment of the state of bilateral relations between any dyad of states that would allow observing the change of their relationship between different periods, which, in turn, would allow for the evaluation of foreign policy initiatives or the assessment of the significance of specific events in bilateral relations. Without a doubt, this aspect of international relations remains crucial even today, in a highly globalized world, since interstate relations and policies created and implemented at the state level continue to be the dominant form of influence in the international system (Alvarez 2012).
This study centers around the following research question: what quantifiable elements define the state of bilateral relations between states? Following the identification and critical analysis of potential indicators, the research assumed construction of a model for measurement of bilateral relations, which was then tested and validated based on the US-Russia relations between 1992 and 2022. The authors chose this particular dyad for several reasons: it has been the subject of extensive qualitative research, which facilitates the accurate verification of quantitative measurements and allows for a thorough discussion of atypical observations; this relationship holds a central position in contemporary international relations due to its significant impact on global stability and security. Even though tested on the US-Russia relations, the method of measurement proposed in this paper was aimed at allowing the determination of changing trajectories of bilateral relations in reference to any dyad without the need to adjust the measurement method. 
The research is not directly connected to any grand theory. Admittedly, in the context of the initial assumption, we do reveal a relatively state-centric approach that could be linked to neorealism (Keohane 1986), but at the same time, our goal is not to test assumptions derived from particular theories and to be open to any possible indicators describing bilateral relations, proposed based on both from the desk research and the interviews with diplomats and foreign service officers from various countries. In this sense, we agree with Katzenstein and Sil (2008), who argued that analytical eclecticism in referring to specific research traditions allows ‘seeking the best available answer for a given problem (124–125).’ Instead of limiting our approach according to the frames of a particular IR theory, we wished to be open to any important aspect that might be useful in our attempt to assess the state of bilateral relations. In turn, our model might be used for testing hypotheses derived from theory. 
The creation of a model allowing for the assessment of bilateral relations between states using quantitative data, potentially applicable to any dyad of states, is the most important objective of the study. The results of the study contribute to the field of international relations in several ways. The research engages in the growing subfield of the quantitative studies of IR, though contrary to the majority, it does not look for IR factors but focuses on the indicators. Most importantly, it seeks to provide a tool for objectively assessing change in bilateral relations, which is potentially useful in multiple areas, for example, in investigating post-conflict reconciliations, changes in the state of bilateral relations stemming from alterations of governments (See: Emmott & Blenkinsop, 2020), or evaluating effects of diplomatic undertakings. The results might be interesting and useful not only to IR scholars but also to foreign service officers.  
Literature review  
Quantitative studies of international relations have been developing since the 1960s and 1970s (Schroeder 1977; Beck, King, and Zeng 2000; Hopf 1991; Rudolph J. Rummel 1992; Small and Singer 1969; Mansfield and Pevehouse 2008). Regarding attempts to measure international relations, different studies have focused on diverse aspects, for example, rivalries (Thompson 2001), but there has been a dominant focus on conflict. Among the more recent approaches, Goertz et al. (2023) developed conflict barometers for interstate and civil conflict. Goertz et al. stressed the problem of variations of conflicts below the threshold of war and underlined the limitation that many dyads have no possibility of conflict because of geographical distance, minimal overlapping interests and limited ability to project power. Another limitation they addressed is the problem of conflicts that do not affect the entire relationship, such as the UK-Spain conflict over Gibraltar. For these reasons, Goertz et al. used peace scale based on the occurrence of Militarized Interstate Disputes and considered the decay times after which effects of the militarized dispute disappear. Conflict-oriented quantitative studies of international relations made a great impact on the field and still belong to majority. Still, from the perspective of this research, studies focusing on conflictual behaviour are not fully appliable, specifically because they omit positive relationships, more common in contemporary international relations.
The limitation of studies focusing on conflicts has been addressed by projects that also take into account states’ positive behaviours. This trend is exemplified by the creation of databases and indices of peace, although attempts to measure peace continue to face a principal difficulty stemming from the lack of hard measures or indicators of a consolidated peace (Caplan 2021). Global Peace Index belongs to the most recognizable of the indices (“Global Peace Index 2023” 2023), although it is also composed of conflict-related concerns (Diehl, Goertz, and Gallegos 2021). 
A research trend that emerged in response to the limitations of conflict-oriented and peace-oriented studies based on conflict-related concerns offered investigating IR through a combination of both components. That is the case for the Peace Data project, which featured coding of the relationships on the peace scale based on seven indicators, with days as units of analysis. The model extended earlier approaches by including peaceful relationships, though not ignoring the negative ones, like war plans or conflicts (Diehl, Goertz, and Gallegos 2021). However, unlike this research, Peace Data project does not seek to capture more profound changes in bilateral relationships, focusing on observing global fluctuations. 
Most of the quantitative approaches to the study of bilateral relations, some of which were mentioned above, are subject to certain limitations when observed from the perspective of the goals of this research. Some measures, such as the Global Peace Index, lack a dyadic approach. Others refer to a very small sample. A more general limitation is that most measures are dedicated to conflicts or focus on conflictual components.  Even though conflicts are most decisive about bilateral relations, they do not occur for most dyads, thus other indicators are necessary to be able to assess relations between non-belligerent states. These limitations have been addressed by the Peace Data project; however, it differs significantly from this study in its methodological approach, objectives and applications. The primary contribution of this study lies in an attempt to incorporate conflictual and cooperative inputs, as seen in the Peace Data project, while also focusing on identifying more subtle fluctuations in inter-state relationships. This approach potentially enables the testing of whether, and to what extent, specific state behaviours lead to measurable improvements in bilateral relations.
Method and data
	The research has been performed through a mixed research design, combining qualitative and quantitative approaches. The preliminary stage concerned desk research with the aim of identifying potential indicators of bilateral relations. We used available literature on international relations and databases dealing with interstate relations to construct a preliminary list of indicators. This led to the identification of seven indicators of the quality of bilateral relations (explained indicators): 1) Engagement in a military conflict; 2) Arms transfer and sales; 3) Political-military alliances and defense cooperation agreements; 4) Sanctions; 5) Status of diplomatic relations; 6) Preferential trade agreements; 7) UN Voting Coincidence; 8) Foreign visits by heads of states and governments. We discuss them in detail in the Results section. 
At the stage of preselection of indicators, we have also considered many others, which, as a result of critical analysis, were not included in the final sample. Many authors referred to bonds between nations on the people-to-people level. Azar (1980) and Rummel (1969, 1992) measured it based on mail flow, travel or tourist visits. The problem is that such indicators as mail flow have become outdated in the contemporary digital world, while data concerning travel, migrations, diasporas, tourism, online data transfer, the existence of direct air links and their frequency are either unavailable or problematic to be used in a dyadic form. Researchers have also studied bilateral relations by referring to economic aid as an indicator of positive relations (Rudolph J. Rummel 1992). Admittedly, for some less developed countries, relationships with aid donors are very important (Brown 2009). However, the problem with economic or food aid is that it does not necessarily reflect good relations. We have also rejected the indicators which were not measurable or could not be measured in an objective way, like the relatively subjective numbers of threats (East and Gregg 1967) or membership in the same international organizations (R. J. Rummel 1969). We have also rejected indicators which should rather be interpreted as factors affecting the shape of relations rather than indicators describing them, for example, domestic factors such as governments’ convergence (Emmott and Blenkinsop 2020), religions (Fox 2001), or national stereotypes (Lovec and Bojinović Fenko 2016). Finally, we excluded several indicators that are better understood as representing the importance of relations rather than their quality, such as power status (Bremer, 1992; Gowa, 1999a; Rana, 2002), people’s exchanges (East and Gregg 1967; Rubinoff 2005; R. J. Rummel 1969; Rudolph J. Rummel 1992), economic indicators such as export (R. J. Rummel 1969), or trade (Gowa 1999; Lohmann and O’Halloran 1994; Mansfield and Pevehouse 2008). Admittedly, there is evidence supporting a link between increased trade and improved political relations (Gasiorowski 1986; Gowa 1994; Mansfield and Pevehouse 2008), but there are also cases where states with strained political relations engage in substantial trade. Other such indicators include geographic factors, such as neighbouring status (Rana, 2002) or geographic proximity (Bremer 1992; Pollins 1989). 
The second stage of the study involved interviews with practitioners of international relations, for which we obtained approval from REMOVED FOR REVIEW. We conducted on-site and online interviews with diplomats and foreign service officers (FSOs), asking them to rate the accuracy of preselected indicators, comment on them and suggest additional ones, as discussed above. We interviewed 32 practitioners: 19 foreign diplomats accredited in Warsaw (seven ambassadors, five deputy chiefs of missions, one first secretary, three second secretaries, three counsellors) from Argentina, Armenia, Belgium, Bulgaria, Estonia, Germany, Hungary, Iceland, Ireland, Italy, Latvia, Luxembourg, Netherlands, Norway, Qatar, Rwanda, Switzerland, Turkey and the United Kingdom; 13 FSOs working at ministries responsible for foreign affairs from the United States (one senior FSO, six FSOs, one retired senior FSO, two retired FSOs), Poland (one senior FSO) and Kyrgyzstan (one FSO). Respondents were not queried about any specific bilateral relationships but regarding the general application of specific indicators. This part of the study aimed to attribute weights to the indicators and potentially amend their lists. 
The third, quantitative part of the study, included the construction of a quantitative tool from the spectrum of multidimensional comparative analysis, hereafter called the Bilateral Relations Index (BRI), and testing it through estimation of the shape of bilateral relations between the US and Russia. The first stage of the quantitative analysis following data collection assumed mechanical smoothing of time series to eliminate atypical observations, taking into account k-period moving averages. For k-period = 3 the moving averages were determined according to the following formulas:
·  y1992=( y1990+ y1991+ y1992)/3,
· y1993=( y1991+ y1992+ y1993)/3,
· …
· Y2022=( y2020+ y2021+ y2022)/3.
Where y1, y2, y3, ..., yn-2, yn-1, yn denote successive values in the given time series.
It should be noted that in the calculations of values for the year 1992, observations from the years 1990 and 1991 were taken into account. Coincidentally, data for these two indicators were available during those periods.
The database prepared that way underwent a procedure for the selection of diagnostic indicators. In the first step, coefficients of variation were examined to ensure they were at sufficiently high levels. For subsequent calculations, indicators with a coefficient of variation exceeding 10% were utilized:

	,	
where:
· 
is the standard deviation of the sample,
· 
 is the arithmetic average of the sample (Nermend 2017).
Subsequently, a standardization of the nature of all diagnostic variables was carried out by transforming destimulants into stimulants by determining their opposite values (Suchecki and Lewandowska-Gwarda 2010).
	The next step in the selection of diagnostic indicators involved determining the values of correlation coefficients between individual indicators. Positive correlation occurs when an increase in the values of one characteristic corresponds to an increase in the mean values of another characteristic. Negative correlation, on the other hand, occurs when an increase in the values of one characteristic corresponds to a decrease in the mean values of another characteristic (Lee Rodgers and Nicewander 1988). Based on Pearson correlation coefficients, it is advisable to eliminate variables that are strongly correlated with each other, as they convey redundant information. The threshold of acceptability in this study was set at a value of 0.5 (the threshold was arbitrarily set at a relatively low level). The correlation was measured using the Pearson correlation coefficient (r):
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where:
· 
is the covariance, which quantifies the linear relationship between variables X and Y,
· 

,  are the standard deviations of variables X and Y, respectively,
· 

,  are the successive values of the random variable in the sample, corresponding to X and Y,
· 

,  are the arithmetic means of the sample, corresponding to variables X and Y, ,
· n is the number of elements in the sample (Strożek 2016).
Indicators may have different scales, making direct comparisons difficult. For instance, binary variables are encountered, which take on values of zero or one (some time series predominantly consist of zeros, with the value of one observed following the occurrence of a specific phenomenon). To ensure mutual comparability of data, it is necessary to subject them to a normalization process. Given the diverse nature of the database and the indicators described on nominal, ordinal, interval and ratio scales (Panek 2009), normalization was conducted through standardization according to the formula:

	, (i=1,…,n; j=1,…,m).	
Where:
· 
 is the standardized indicator,
· 
 is the population mean,
· 
 is the population standard deviation (Suchecki and Lewandowska-Gwarda 2010).

The next operation on the transformed database involved calculating indices based on weighted averages (taking into account previously generated weights – recorded in Table 1, determined during the interviews) for all timeframes. Subsequently, the indices underwent a standardization process to standardize their interpretation. As a result of the analysis, an explanatory indicator was generated,  illustrating the previously stated assumptions of the study implementation. The analysis covers the period between 1992 – the first full year after the dissolution of the Soviet Union and 2022, after Russian invasion of Ukraine.

Results
Identification of indicators
	As described above, following extensive desk research and interviews with practitioners of international relations, we developed a list of indicators describing the state of bilateral relations. In search of potential indicators, we attempted to follow some of Rummel’s more general recommendations regarding the study of attributes and behaviour of nations. Among other things, Rummel (1969) argued that data must be readily available. This became one of our guiding principles concerning the ambitions that the developed methodological tool could be used for any potential dyad, including smaller states. Apart from that, we attempted to limit the number of indicators to simplify an already very complex study. 
[bookmark: _Hlk197333261]The list of indicators of quality of bilateral relations (explained indicators) includes: 1) Engagement in a military conflict; 2) Arms transfer and sales; 3) Political-military alliances and defense cooperation agreements; 4) Sanctions; 5) Status of diplomatic relations; 6) Preferential trade agreements; 7) UN Voting Coincidence; 8) Foreign visits by heads of states and governments. 
War is one of the most direct indicators of international relations and one of the first variables used to look for the factors of international relations (Singer 1970). Engagement in a military conflict is the most unquestioned of all the IR indicators available in the literature and the one with the most data available, although one could argue that as of today, hot conflicts have been extremely rare, in particular among great powers. Military conflicts in various forms have been studied, for example, by Rummel (1969) or Azar and Sloan (2006). In our study, engagement in a military conflict has been generated from the Correlates of War’s Militarized Interstate Disputes database, considering the highest military confrontation action in dyadic dispute, which featured 24 types of actions (Maoz, et al. 2019), allowing to differentiate the scale of estrangement. If, in the same year, there was more than one event between two states, for the sake of the research, they were coded based on the event with the highest value.
	The introduction of the arms transfer and sales indicator was inspired by the ongoing armed conflict between Russia and Ukraine. Western countries, such as the United States, reveal a positive attitude towards Ukraine and a negative one towards Russia, but at the same time, did not engage militarily. Instead, they provide Ukraine with weapons. Arms transfers and sales have both commercial and political meanings. According to Jang and Yang (2023), states have no choice but to recognize others as friends or enemies and those with common interests and enemies exchange weapons. This premise served as a foundation for this indicator. We proposed two variations for the indicator: a) indicating good relations between states trading/delivering arms and b) indicating bad relations between two states when one of them is engaged in a military conflict with a country that the other provides with weapons, deputizing for the lack of direct belligerence. For the a) relation, the indicator has been generated as a sum of exports and imports between investigated countries based on SIPRI Arms Transfers Database (SIPRI, n.d.). For the b) relation, the indicator is estimated by the sum of units of transfer and sale of weapons to a state in conflict with a country with which the shape of relations is studied. Thus, when studying relations between states A and B and if in a given year state A is in conflict with state C or state B is in conflict with state D, then the observation is constituted by the sum of transfers and sales of weapons from A to D and from B to C (for details, see Annex 1). The indicator was constructed using the Militarized Interstate Disputes database., featuring disputes in which at least one person was killed. Data for applicable dyads were then generated based on SIPRI Arms Transfers Database (SIPRI, n.d.). 
	Belonging to the same political-military alliance or having a defense cooperation agreement is assumed to indicate good relations. Alliances were used in numerous studies as an IR indicator. Rummel (1992) considered them to be a positive indicator of bilateral relations based on common bloc membership and military alliances. Maoz et al. (2007) used belonging to the same alliances in their study on measures of friendship between states. Signorino and Ritter (1999) studied similarity of states’ alliance policies and developed a measure of policy portfolio similarity. Scholars even used alliances as a proxy for state interests (Gowa 1994). We assumed belonging to the same political-military alliance is a versatile indicator for good relations, although we are aware of occasional exceptional situations like between Turkey and Greece. As an explained indicator, it was generated based on Correlates of War Formal Alliances (v4.1) (Gibler 2009) and Correlates of War Defense Cooperation Agreement datasets (Kinne 2020). 
	Sanctions are another widely accepted indicator of negative bilateral relations, occasionally used to measure IR. For example, embargo was one of the variables for the conflictual interactions according to the Dimensionality of Nations Project (Rummel 1992). There are various types of sanctions, although most research focuses on the economic ones. International sanctions, economic or others, have clear negative implications for the state of bilateral relations. Economic sanctions are usually associated with other measures, such as severing diplomatic and cultural ties (Barber 1979). This is beneficial for the research because cultural ties have not been included in the list of indicators of quality of relations, whereas severance of diplomatic relations is sometimes difficult to observe quantitatively besides breaking diplomatic relations. However, there are also limitations to the use of this indicator. The first one concerns the differences between multilateral and unilateral economic sanctions. Barber (1979) distinguished sanctions employed by a single state, a group of states, or the international community. States prefer to use multilateral ones (Martin 2020), whereas sometimes a state may join such sanctions because of alliance matters or in response to the UN sanctions rather than because of genuine bilateral tensions. Another challenge involves so-called secondary sanctions, which target commercial enterprises or countries that trade or invest in the sanctioned country. Such exterritorial sanctions force firms to choose between the market of the sanctioned and sanctioning country. Sanctions against firms usually evolve into sanctions against countries hosting them (Drezner 1999), although the data used in this research did not reflect such situations. For the sake of this research, sanctions indicator was generated based on the Global Sanctions Database (Felbermayr et al. 2020) and is composed as a sum of mutual sanctions (arms sanction, military assistance sanction, trade sanction, financial sanction, travel sanction, other sanction). 
The next indicator concerns diplomatic relations. Diplomacy is the core of relations between states. It can indicate both the quality and significance of relations. For example, East and Gregg (1967) proved that maintaining extensive diplomatic relations correlates with increased involvement in both conflict and cooperation. Various studies dealt with the issue of diplomatic relations as an indicator of bilateral relations in different ways. In a particularly comprehensive way, Rummel (1966) within official negative behaviour included diplomatic distinguished rebuff - clear diplomatic snub or insult/violation of diplomatic protocol such as a low-rank official meeting with a chief of state, ambassador failing to attend reception when invited. Within the official activities, Rummel also included negative written-oral communication by officials, reflecting negative feelings towards the object like accusations, representation-protest, warning, threat, ultimatum and denunciation. Unfortunately, concerning the goals of our study, such a detailed approach was not possible due to a lack of accessibility to data for dyads between smaller nations. In turn, IR databases concerned the level of diplomatic representation in another state. COW Diplomatic Exchange dataset captures diplomatic representation at the level of chargé d'affaires, minister and ambassador (Bayer 2006), whereas the Diplometrics Diplomatic Representation dataset, besides the level of diplomatic representation, also covers severe diplomatic incidents such as expulsion, severance, recall, withdrawal (Moyer et al. 2022), In theory, this should allow observing crises in diplomatic relations, but their records only concerned states having embassies (based on our verification). One of the key problems with diplomatic relations as an indicator for bilateral relations is that most states maintain them and unlike in the past, nowadays most exchange ambassadors. Also, diplomatic relations do not necessarily mean good relations. For example, Nicaragua has had diplomatic relations with the US and a diplomatic mission in Washington in the 1980s even though the US was aiding groups trying to overthrow the Nicaraguan government. In contrast, Iraq kept its mission, although on a lower diplomatic level, in Iran during the war between both countries in the 1980s (James 2016). 
Given the aforementioned deliberations, our original intention was to emphasize the absence of diplomatic relations as an indicator of poor relations. However, many of our interviewees pointed out that it was not necessarily the case because states might simply lack mutual interest. Rana (2002) described such relations as peripheral, with countries ‘lying beyond the horizon’ because of few joint interests and diplomacy between them being usually about occasional friendly exchanges (20). For this reason, we decided to employ breaking of diplomatic relations (confirmed qualitatively) as a strong indicator of bad relations. Because of the inconsistency of datasets, diplomatic crises such as expulsion, severance, recall, or withdrawal are ignored even though we recognize their relevance in signaling deterioration in bilateral relations. Such an indicator was therefore generated manually. First, we have checked if diplomatic relations existed between a pair of states according to Diplometrics Diplomatic Representation (Moyer et al. 2022) and Correlates of War Diplomatic Exchange (Bayer 2006) datasets. Observations suggesting a lack of diplomatic relations (values 0-0,125 in Diplomatic Representation and 0 in Diplomatic Exchange) were verified qualitatively in search of evidence for breaking diplomatic relations. Breaking of diplomatic relations was coded as -1, otherwise, the indicator was coded as 0 (neutral). Throughout the analyzed period, no instances of breaking diplomatic relations were observed between the United States and Russia. 
	The sixth indicator of the shape of bilateral relations is the existence of preferential trade agreements (PTAs). The number of PTAs has been growing dynamically in recent decades (Plouffe and van der Sterren 2016). Scholars have observed a link between PTAs and positive relations. PTAs, for example, allow for resolving economic conflicts before they degrade political relations or help mediate political tensions, like in the cases of ASEAN and MERCOSUR (Mansfield 2003). Some studies argued that conflicts are less likely between trade partners, but only those belonging to the same preferential trading agreement (Mansfield and Pevehouse 2008). We can also assume that enemies do not sign such agreements. This indicator further allows the inclusion of integrational organizations into the study. On the other hand, a challenge to this indicator is that it covers both bilateral and multilateral agreements, but it still appears to be a conclusive indicator. We generated the indicator for the US-Russia relations based on several datasets (Egger and Larch 2008; World Bank, n.d.; WTO, n.d.). 
	Some previous studies have considered UN voting coincidence as an indicator of bilateral relations. Even though UN voting coincidence might appear as an indicator of comparative preferences over certain issues rather than state-to-state relations per se, several scholars considered it as conclusive regarding indicating state of relations. For example, Rummel (1969) considered Euclidean distance between two nations on the uncorrelated pattern of UN voting in the session of General Assembly, as well as the UN voting distance on ‘Self Determination’ issue pattern, involving issues concerning the competence of the UN to decide on the non-self-determining territories as two of his behavioural indicators, whereas East and Gregg (1967) observed based on the roll-call voting results in the United Nations that similar voting (in their case with the US) is associated with higher level of cooperation, but unrelated to the level of conflict. Studies have shown various patterns in voting coincidence, for example, Israel votes way more similarly to the US than the Arab states (Sarsar 2004). Often, such voting similarities were connected to belonging to the same block or alliance and such patterns were reflected throughout the UN system. For these reasons, we consider aggregated voting similarities and differences as indicators of both good or bad relations, respectively. The indicator was generated based on the UN Voting Coincidence dataset using UNGA Coincidence Scores as Time Series (PardeeCenterIFs, n.d.). 
Following the suggestions from the first round of interviews, we added foreign visits by heads of states and government as an additional indicator. International visits were included in several studies of bilateral relations, usually in the context of positive relations (Azar 1980; Rudolph J. Rummel 1992). There were some doubts whether meetings between leaders indicate positive or rather important relations. The majority of interviewees implied that both, with a certain emphasis on the importance, although several also claimed they reflect positive relations. Also, according to Fan and Lu (2021), the exchange of summit activities is a barometer reflecting good or improved bilateral relations. As they argued, although good relations do not always mean frequent visits, the possibility of a confrontation is reduced if two states arrange a summit visit. For those reasons, we have included this indicator in our analysis. It was generated independently based on publicly available information about visits by the US Presidents to Russia and Russian Presidents and Prime Ministers to the US (See: Annexes 2 and 3). Because of its lower significance and potentially more negative circumstances, we decided not to include meetings held in the third country, although we agree that in some situations, they might be crucial in periods of increased tensions. Individual collection of data might be more challenging for other dyads, but the Diplomatrics program (at the time of writing) is preparing the Country & Organization Leader Travel database (Diplometrics, n.d.), which according to its authors, will be made public soon, which allows employing the indicator in our method. 
	
	Indicators of the shape of relations selected for the study underwent a process of consultation with practitioners of international relations during a series of interviews. Besides discussing other potential indicators, the interviewees were asked to rate the indicators we suggested concerning their accuracy in indicating the shape of bilateral relations. Based on their responses, we have determined the weights of respective explanatory indicators.

Table 1. Weights of explanatory indicator
	Indicator
	Arithmetic average
	Indicator type

	Engagement in a military conflict
	4,91
	Destimulant

	Arms transfer and sales
	3,55
	Stimulant

	Arms transfer and sales to third country in conflict with second
	3,48
	Destimulant

	Political-military alliances and defense cooperation agreements
	4,06
	Stimulant

	Sanctions
	4,36
	Destimulant

	Status of diplomatic relations
	4,43
	Destimulant

	Preferential trade agreements
	3,88
	Stimulant

	UN Voting Coincidence
	3,03
	Stimulant

	Foreign visits by heads of state and governments
	4,12
	Stimulant


Source: Own study.
	Regarding engagement in a military conflict, the interviewees generally shared the view about its high significance, with 30 out of 32 rating it 5. Only respondents from Qatar and Kyrgyzstan rated it lower, the latter adding that in the case of Kyrgyzstan, its border conflict with Tajikistan did not affect the generally good bilateral relations. Arms transfers and sales received lower appreciation for both alternatives. Additionally, the interviewee from Armenia mentioned situations when the same country provides weapons simultaneously to both warring parties. Another limitation of this indicator, as suggested by the interviewees, is that many countries have a policy of not selling weapons to conflict zones. Regarding military alliances and defense cooperation agreements, several interviewees highlighted minor limitations, such as conflicts arising between formal allies or dormant agreements, like between the US and Afghanistan. Regarding sanctions, several interviewees mentioned the problem of multilateral sanctions, which do not have a similar effect on all the relationships. Regarding diplomatic relations, we have adopted the interviewees’ suggestion that breaking them should be considered rather than their absence, since a lack of diplomatic relations might well mean a lack of interest rather than bad relations. A similar limitation was voiced regarding PTAs, many of which operate at a multilateral level. Regarding the UN voting coincidence, the interviewees highlighted exceptions and argued that the accuracy of this indicator depends on an issue under vote. As mentioned earlier, foreign visits by heads of states and governments were incorporated in the study following the suggestions from the interviewees. 
Modeling results
	Quantitative estimation of the indicators selected for the study, with the use of weights of various indicators determined during the interviews, based on the data for US-Russia relations (See: Annex 4), allowed generating a line chart (See: Figure 1) describing the changing shape of their relations. Among the indicators used within the research, political-military alliances and defense cooperation agreements, breaking diplomatic relations and preferential trade agreements did not exhibit high variability. A strong correlation (0.67) was observed between foreign visits and sanctions. The calculations were based on sanctions due to their assigned higher weight.
Figure 1: BRI for US-Russia, 1992-2022

Source: Own study.
		
Model validation
	Since the end of the Cold War, relations between the US and Russia have exhibited a pattern reminiscent of a sine wave characterized by periods of improvement followed by crises, only to show signs of improvement again. As Stent (2014) put it, in a broader sense, ‘America and Russia no longer are antagonists but they remain antagonistic (xiv),’ although years following the annexation of Crimea are marked by a deepening deterioration in US-Russia relations. The only consistent point of agreement throughout the years under analysis has been the mutual interest in reducing strategic arms, although even this critical issue fell victim to strained relations in 2023. Other aspects, particularly European security, continue to be sources of disagreement. 
Our study confirms the argument about the fluctuating shape of the US-Russia relations between 1992 and 2022. The relations were subject to gradual deterioration, with periods of temporary improvement. The first period in the 1990s was marked by limited yet genuine cooperation, during which both sides, particularly Russia, were in search of new post-Cold War identities. Warmer relations were facilitated by several factors, including President Boris Yeltsin’s rather constructive, non-hostile and pro-Western approach, which was significantly different from Vladimir Putin’s later policies. Furthermore, it is widely acknowledged in the literature that personal relationships played a pivotal role in fostering good relations and diffusing potential issues (Felkay 2002; Marsden 2018). Even before Bill Clinton’s presidency, both states achieved significant milestones. During that period, issues related to nuclear weapons held a high priority. It resulted in the signing of two crucial treaties (START I and START II) between 1991-1993. The positive atmosphere enabled Russia, which had deployed its troops in the Balkans, to establish institutional cooperation with NATO (Leichtova 2016, 112). These actions can be viewed as an attempt by the US to ‘pull Russia into an inclusive security system (Russia Matters 2017).’ Additionally, in 1997, Russia was admitted to the G8 (Russell 2018). BRI, in principle, confirms these arguments. The period between 1992 and 1998, except for 1997, according to BRI, was marked as a period of relatively positive relations between the two states. A drop in the BRI in 1997 is connected with an Engagement in military conflict indicator and an event of seizure, according to CoW MID database (Maoz, et al. 2019), with a relatively high value of 4 out of 5. It is probably connected with the seizure of the Russian commercial fishing trawler by the US Coast Guard on 18 August, which led to diplomatic communication between both countries (Foley 1997). The event probably was not of such a gravity to affect the shape of relations in an observable way.
US-Russia relations started deteriorating in the late 1990s, following American criticism of Russia’s war in Chechnya, 1999 NATO enlargement to Czechia, Hungary and Poland, and NATO’s bombing of Serbia (Russell 2018). The rapid drop between 1998 and 2000 was clearly observed in our estimation (See Figure 1), and in 2000, it was even stronger as a result of another seizure reported in the CoW MID. However, the escalating tensions dissipated with the onset of the US Global War on Terror in 2001. Bilateral dialogue became more accessible, especially after President Bush announced in 2001 a plan to reduce the number of thermonuclear warheads (Jeffries 2011). These developments, along with cooperation in Afghanistan, Russia’s unprecedented agreement to allow US military presence in Central Asia, Washington’s more conciliatory approach toward Russian policy in Chechnya (“Russia: In Transition Or Intransigent? : Hearing Before the Commission on Security and Cooperation in Europe, One Hundred Tenth Congress, First Session, May 24, 2007” 2010), or the agreement between Bush and Putin to create the NATO-Russia Council in 2002 (Russell 2018) clearly indicated an improvement in bilateral relations. This change is also reflected in BRI, with the reversal of the negative trend since 2001. We anticipated a greater increase in the BRI for this period; however, the measure was dampened by military trade between Russia and China, whereas in the same year, a clash involving casualties between China and the US was observed according to the MID database (the Hainan incident), leading to a decrease in the measure for US-Russia relations based on ‘Arms transfer and sales to third country in conflict with second’ indicator. 
BRI for US-Russia relations kept growing until 2004 and then remained stable until 2010. This period, however, was marked by several tensions. Increasingly authoritarian and imperialistic Putin was ‘determined to reverse the humiliating decade of the 1990s, guarantee Russia’s territorial integrity and restore Russia’s role as a great power (Stent 2014).’ George W. Bush’s notably unilateral approach during his first term also played a detrimental role. In 2003, the US invaded Iraq, an action strongly opposed by Russia. The focal point of the crisis became the ex-Soviet space, which was described as the ‘malignant seeds that have spoiled bilateral relations (Russia Matters 2017).’ These actions were perceived as a lack of respect for Russia’s interests. Further developments solidified Russia’s position and strengthened anti-American and anti-Western sentiments in the country (Baker and Finn 2007). In 2007, Putin announced that Russia would suspend its participation in the CFE Treaty. The outcome of the Sochi meeting between Bush and Putin in 2008 was unsurprisingly ‘a bit anticlimactic (Stent 2014, 162).’ Events in 2008, such as the Western recognition of Kosovo and Russian aggression against Georgia, further exacerbated relations (Berryman 2017), although, at the same time, the West expressed hopes that under new Russian President Dmitry Medvedev, who at the time appeared moderate, relations would improve (Russell 2018). In general, our anticipation was for the BRI to be lower for the period from 2003 to 2008. However, the BRI for this timeframe was notably lower than in the early 1990s, albeit not as low as during the late 1990s when NATO’s eastward expansion initially occurred. We might assume that despite a clear deterioration in the relations, institutional channels for cooperation established in the early 2000s secured more lasting improvement in the quantitative indicators.
Within the period of relative stability between 2004 and 2010, the last two years showed a small improvement. This can be linked to the ‘reset’ policy announced by Barack Obama in 2009. Indeed, during the G20 summit in London in 2009, both Obama and Medvedev issued a joint statement expressing their desire for improved bilateral relations. The White House abandoned Bush’s vision of a ballistic missile defense system in Central and Eastern Europe, while NATO resumed meetings with Russia (Harding and Traynor 2009). In November 2010, during the Lisbon NATO Summit, a joint resolution with Russia aiming to strengthen mutual relations was signed, but after that, US-Russia relations began to deteriorate again. There were various reasons for this split, including differing visions of international security and Russia’s role in the global order. The primary point of contention was the Arab Spring, particularly the situation in Libya – an essential trade and military partner for Moscow (“Russia Steps up Criticism of NATO Libya Campaign” 2011). Russia initiated a hostile narrative and provocative actions, such as deploying aircraft near NATO airspaces (Cichocki 2013, 98). There were areas – such as Afghanistan – where Moscow continued cooperating with the US and NATO. Joint exercises, such as ‘Vigilant Skies’ (2011-2013) and ‘Bold Monarch’ (2012) were conducted. However, good relations were not rebuilt, with some commentators even referring to the period as a ‘new Cold War’ (Pazzanase 2023). The pivotal moment was Russia’s aggression in Ukraine in 2014, including the annexation of Crimea, marking the beginning of the latest phase in bilateral relations characterized by harsh diplomatic language, sanctions and a series of accusations and warnings. Furthermore, Russia violated the INF treaty of 1987, which had been one of the most important pillars of bilateral relations (Miller 2019). 
Despite such tense relations, Donald Trump met with Putin during the G20 Summit in Germany in July 2017. However, this meeting did not lead to any improvement, as the fundamental differences remained unresolved, including issues related to Iran, Syria and energy security. Moreover, the number of incidents and accusations began to escalate. The peak of tensions occurred in 2022 when Russia attacked Ukraine and the US unequivocally supported Ukraine by assisting and imposed additional sanctions on Russia. Despite earlier agreements, one manifestation of these very strained relations was Russia’s decision in 2023 to suspend its participation in the New START treaty (“START Treaty: Russia Stops Sending Nuclear Arms Info to US” 2023). 
The BRI fundamentally mirrors the increasing deterioration of US-Russia relations during the 2010s, with a sharp intensification following the Russian invasion of Ukraine in 2022. Unexpectedly, though, we have observed a leap in 2012 and 2013. While there is general agreement among experts that the strongest decrease started in 2014 (Russell 2018) following the annexation of Crimea, it is difficult to unequivocally indicate the reasons for the 2012-2013 increase. In our estimation, it was the result of observation regarding a major weapon transaction between both countries, according to SIPRI. Most probably it was connected to the purchase of Russian helicopters for the Afghan military (Reuters 2013), a controversial decision made in the US before the ultimate deterioration of the relations. The event can be considered as distorting our measurement. The connection between quantitative measurement and the summary of the recent relationship between the US and Russia presented above has been presented at Figure 2.
Figure 2: BRI for US-Russia: key occurrences
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Source: Own study.

	For US-Russia relations between 1992 and 2022, the BRI effectively captured key qualitatively determined milestones and general trends in bilateral relations. However, it is acknowledged that not all shifts were fully reflected in the model, which may be attributed to various factors. In some instances the measurements were distorted by observations that, under specific circumstances, did not have a profound impact on the US-Russia relationship. Examples include the American purchase of Russian helicopters for Afghanistan and the Hainan Island military incident between the US and China, which was purchasing weapons from Russia in the same year. Furthermore, the BRI, like any international relations model, is inevitably subject to some error, particularly since it was not specifically designed for US-Russia relations. BRI’s deviations from expectations may reflect either model errors or incorrect expectations. Finally, despite its limitations, we argue that BRI still outperforms other contemporary indices which can be used to measure bilateral relations, although their specific objectives differ from ours. For example, even though BRI incorporates them, relatively similar functions might be attributed to some of the measures published by the Frederick S. Pardee Center for International Futures, specifically by the UN Voting Coincidence, Country & Organization Leader Travel, with both indicators independently being considered as reflecting bilateral relations, and Diplomatic Representation. Besides them, COW Militarized Interstate Disputes and Global Sanctions databases in specific circumstances can reflect change in bilateral relations (See Annex 5). Considered individually, UN Voting Coincidence and Country & Organization Leader Travel also reflect the gradual deterioration of the US-Russia relations, but are less sensitive and do not reflect the qualitatively anticipated shifts in the relationships as accurately as BRI. For example, the UN Voting Coincidence Index shows a positive trend between 2007 and 2016, which, aside from the 2009 ‘reset,’ is not justifiable, particularly following the 2014 annexation of Crimea. Some general trends in the relationship have been captured by Country & Organization Leader Travel, but it did not show the expected improvement following reset, whereas a 2015 meeting misreported the estrangement following the annexation of Crimea. In turn, Diplometrics Diplomatic Representation reported the same level of representation between both states for the entire period, with no severances reported. Among other indices, the Global Sanctions Database shows an increase in the level of sanctions since 2014, peaking in 2022. This growth adequately reflects recent tensions but does not capture fluctuations in relationships during earlier periods. Additionally, its applicability is case-specific. The MID dataset is specifically applicable in the context of military confrontations and, therefore, is not sufficient on its own to reflect US-Russia relations during the given period. 
	Among the multidimensional indices, as previously noted, the Peace Data project appears to be the most comparable to the BRI. According to this measure, US-Russia relations remained at the level of ‘lesser rivalry’ throughout the entire period from 1992 to 2020 (the most recent measurement, see Annex 5) (Diehl et al., 2021, v.3.1). A similar type of the relationship was reported by the Interstate Conflict Severity Barometer (ICSB) for the entire period from 1992 and 2015 (last measurement) (Goertz et al. 2023). Goertz et al. sought to capture variance in relationship within each peace scale category based on the occurrence of Militarized Interstate Confrontations according to MID, which led to the rise of the ICSB between April 1999 and December 2003, peaking between November and December 2000 (See Annex 5). Years 1999 and 2000 marked a deterioration in the quality of relations; however, this decline was not necessarily more significant than in other periods. Furthermore, the variances from this period according to the ICSB do not reflect the rapprochement that occurred after 9/11. To conclude, we agree that, in a general sense, ‘lesser rivalry’ accurately characterizes US-Russia relations during the given period. However, neither Peace Data nor the ICSB capture the more nuanced fluctuations in the relationship in the same way as the BRI. Therefore, the BRI appears to perform better in reflecting fluctuations in US-Russia relations than comparable measures, despite its inaccuracies. However, it must be acknowledged that the other approaches have distinct objectives. We do not question their scientific merit and they are not direct competitors to BRI. 

Conclusions
The development of the BRI throughout this research has furnished insights into the dynamics and configuration of the relationship between the USA and Russia over the years under study. Primarily, it has introduced a versatile tool intended for application to any pair of states, provided the necessary data used in the indicators is accessible. However, it is important to note that due to the multidimensional nature of the phenomenon, the analysis should be treated as an informative point, taking into consideration the limitations associated with data collection and the resulting constraints of the proposed quantitative method. Still, considering that the results of our estimation generally follow the key inflection points suggest its potential merit in determining the state of bilateral relations in a given timeframe. 
This analysis serves as an introduction to a much broader study encompassing a larger number of country pairs. Such a constructed database (in a panel and cross-temporal perspective) will provide the opportunity to apply a broader range of quantitative methods in the field of spatial econometrics (See: Łaszkiewicz, 2016), spatial shift-share analysis (See: Jewczak & Żółtaszek, 2011), multidimensional comparative analysis and numerical taxonomy (See: Strożek, 2014) for the sake of the study of bilateral political relations. Interpretative possibilities will also be enhanced. The case of US-Russia relations showed a high level of comparability between the BRI and the qualitatively determined milestones in the bilateral relations. However, in some periods, there were some unexpected deviations linked to some exceptional events that took place between the US and Russia like seizures or weapons sales, which in general did not mean a significant change in bilateral relations but led to slight fluctuations of the graph curve. For these reasons, the BRI proved more reliable in the medium and long-term perspectives. 
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