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4  © RISE Research Institutes of Sweden Abstract / Executive Summary We propose in this report decisive and constructive responses to critical appraisals of the Agenda 2030, the Sustainable Development Goals, and the EU taxonomy. The lack of transparency and accountability plaguing these vitally important efforts can be rectified by means of systematic implementations of the art and science of measurement modelling informed by metrological principles. The aforementioned documents’ vague and all-inclusive language fails to assign responsibilities or aid in goal achievement, but can be replaced with systems of measurements that are effectively and efficiently, meaningfully and usefully, integrated with management objectives. When measurements are well-designed, managing goals and objectives becomes seamlessly integrated with measurement. Measuring instruments should map the domain of interest, allowing users to locate where they are relative to where they were, where they want to go, and what to do next. But for this to happen, the intention to measure in this way must be acted on. Then, incomparable ordinal ratings and scores must be replaced with quality-assured quantity values. And disconnected reporting systems must be coordinated and aligned. Most importantly, taking the trouble to create fluidly manageable measures makes it possible to identify and harness human-powered energy sources for driving sustainable change, for ramping up efforts to the global scale that must be achieved if we are to succeed in transforming our systems. Entrepreneurs and innovators need scientifically rigorous, meaningful, useful, and convenient tools if they are to succeed in imagining, designing, and deploying effective responses to the pressing challenges we face. Our recommendations are formulated in direct response to criticisms that have been directed at the Agenda 2030 and the EU Taxonomy concerning the transparency, comparability, and accountability of the proposed goals for sustainable development. Neither the goals themselves nor the urgency of the need to address them are at issue. The concern is rather with the means by which those goals may be achieved, and the effectiveness of those means. The solutions we propose in this document are complex but manageable—just as the problems we face are also complex but manageable. We have no intention of providing a panacea, or a one-size-fits-all solution. There is nothing automatic or easy about what needs to be done. This report is only a first step. We provide it in the hope of provoking more of those concerned to take a fresh look at what might be possible. We tap readily available, longstanding, well-established, proven ideas not previously brought together for close consideration. But far from expecting or even hoping that our recommendations will be taken up and followed to the letter, we instead fervently pray for playful experimentation and constructive debate. Our goal, perhaps more than anything else, is to encourage a broader scope for the imagination of possible solutions. Imaginations today seem overly bound within the constraints of assumptions that actually—and perversely—contribute to perpetuating the problems we face. We will count our efforts successful if we manage to shake some minds free from those constraints. In this spirit, we look forward to engaging soon in productive collaborations with any and all who are interested.   



5  © RISE Research Institutes of Sweden Scope of the report This report is a stand-alone publication of the metrological observations and analyses originally associated with the Vinnova project ”Verktyg för integration av hållbarhetsmått i finansiell analys”, diarienummer 2020-04363, written by RISE Research Institutes of Sweden. The work has been carried out in close collaboration with the Strategic Innovation Program Viable Cities. The report addresses the benefits of taking a metrological perspective, applying probabilistic models of measurement, to ensure that investments in cities are in line with the Paris agreement, the European Green Deal and Sweden’s Climate Policy Framework. A method for structuring and analyzing the CDP and Covenant of Mayors city data on emissions, climate hazards, and on adaptation actions has been developed within the project ”Verktyg för integration av hållbarhetsmått i finansiell analys”. Included in the report are metrological analyses conducted by William P. Fisher, Jr. at RISE. The report also includes definitions of key terms for metrology, model descriptions, data sources, estimation algorithms, software sources, hypotheses and statistical tests, qualitative construct validations, uncertainty estimates, as well as methods and approaches for related and continued work relevant for stakeholders (including: investors, companies, municipalities, states, regions, and citizens), national and international disclosure systems, and policy and regulatory bodies, for measuring and managing environmental impacts.   



6  © RISE Research Institutes of Sweden Background Cities account for over 70% of greenhouse gases Cities account for over 70% of greenhouse gases. About 50% of the world's population lives in cities, which occupies about 3% of the earth's surface. Therefore, addressing urban causes of climate change is crucial if humanity is to achieve the Paris Agreement's goal of keeping global warming within 1.5 degrees. The financial sector has a key role to play in fostering an urban transition to more sustainable policies and practices. Investments must be directed towards lowering greenhouse gas emissions by means of climate mitigation as well as via adaptations in cities (regardless of whether the sources of the investments are the states, municipalities, business communities, or citizens). The integration of sustainability in financial analysis is of paramount importance for long term economic stability. Just as measurement serves essential functions in the current economy’s pricing and interest rate mechanisms, so also ought it be used in determining other conditions for financing society's long-term sustainability and the well-being of individuals. Strategic Innovation Program Viable Cities Viable Cities is a strategic innovation program focusing on the transition to climate-neutral and sustainable cities. The program's mission is climate-neutral cities by 2030 with a good life for everyone within the planet's boundaries. Viable Cities is a catalyst for new forms of cooperation between cities, industry, academia, research institutes and civil society. This is to mobilise to change the way our cities operate in line with our national, environmental, and climate goals as well as our international commitments linked to the Global Sustainability Goals – Agenda 2030 – and the Paris Agreement. The programme's timeframe is 2017-2030 and is implemented with support in a concerted effort by Vinnova, the Swedish Energy Agency and Formas, where the Swedish Energy Agency is the responsible authority. KTH is the host organization for Viable Cities. The Green Deal and the EU Taxonomy The European Green Deal, presented in November 2019, has the overall goal of making Europe a climate-neutral continent by 2050. The Green Deal was followed in January 2020 by the “Sustainable Europe Investment Plan” to mobilize public and private sector investments and align them with the Green Deal and the EU's new taxonomy for sustainable finance, adopted by Parliament in June 2020. A consultation on a revised EU strategy is underway for sustainable finance, which is also part of the implementation of the European Green Deal. The consultation document states, among other things: “Above all, the transition to a sustainable economy will entail significant investment efforts across all sectors, meaning that the financing frameworks, both public and private, must support this overall policy direction. Reaching the current 2030 climate and energy targets alone would already require additional investments of approximately € 260 billion a year by 2030.” The purpose of the EU taxonomy is to help investors identify and compare environmentally sustainable investments through a common classification system for environmentally sustainable economic activities. The taxonomy is an important tool for achieving the EU's climate goals and the objectives of the EU's green growth strategy, the Green Deal. 



7  © RISE Research Institutes of Sweden To achieve the EU's climate goals and objectives within the Green Deal, investments need to be increasingly and more efficiently directed towards sustainable projects and activities. “A basic precondition for this is that investors, companies, and decision-makers can identify and compare investments based on common definitions of what is sustainable. The establishment of a classification system for environmentally sustainable activities, a green taxonomy, is therefore a key measure in the framework of the EU's action plan for financing sustainable growth”. For a certain economic activity to be classified as environmentally sustainable, it must contribute significantly to one or more of six established environmental goals, it must not negatively impact or significantly damage achievement of the other goals, and it must meet certain minimum requirements. The conditions for “significant contribution” and “significant damage” for various economic activities shall be specified in more detail through so-called technical review criteria. These shall be established by the Commission in delegated acts to the Regulation. The criteria must be re-examined at regular intervals. This means that the scope may gradually be expanded to include new sectors and activities – including conversion activities and other enabling activities. A comprehensive package of measures was adopted on 21 April 2021 adopted by the European Commission to increase investment in sustainable activities around the EU. The purpose of the measures is to enable investors to focus their investments on more sustainable technologies and sustainable companies, and thus contribute to making Europe climate-neutral by 2050. The hope is that the EU will take a leading role at global level as a standard-setter in sustainable financing. With that recognition duly recorded, acknowledged, and respected, we must note that, though the classification system is well-intentioned and may comprise an important new start in an urgently needed new direction, taxonomic classifications of the kind proposed do not and cannot provide the efficiency of communications and sense of collective engagement in shared purposes that historically have been provided by metrologically traceable measurements and scales. Lack of measurements and comparability Financial instruments and investments incorporate well-known and too uncritically accepted shortcomings in their transparency and comparability. This is acknowledged in the EU regulation 2019/2088 from 27/11/2019, and also by Statistics Sweden, which highlights the problem of lack of measurements and comparability in its report “Implementation of Agenda 2030 - Statistical situation 2019” (published in March 2020), where it is stated that: “It is not always possible to make assessments of goal fulfilment in the areas covered by Agenda 2030 includes. For many of the social goals, a discussion of goal levels and ways to achieve goals would be of great help in future follow-ups. In the absence of target levels, mainly two types of comparisons are made. One is to describe the development of indicators over time and the other is international comparisons. The SDGs' indicators are often difficult to measure and thus to see change over time." (…)   



8  © RISE Research Institutes of Sweden “When then, is an intermediate goal achieved? And what does an improvement mean? How to do the assessment when there is no stated target level at national level? They are common dilemmas in the follow-up of sustainability issues. For some areas, there are clear national targets and agreements that can be used. This applies above all to the environmental goals and objectives for energy use and transport policy. Clear goals often mean that analyses have been made of the underlying factors and that in this way there is more knowledge to be gained about how the goals can be achieved. For other areas, there are no concrete goals at all to stick to. It is therefore not possible to do assessments of target fulfilment in many of the areas covered by Agenda 2030. " (page 5, page 14) Similar criticisms of the Covenant of Mayors’ implementation of the Agenda 2030 Sustainable Development Goals are made in its 2019 assessment report (Bertoldi, Rivas, Kona, et al., 2020). On page 5 it is stated that many participating cities have not set goals, and/or do not share information about them. In addition, on page 35, it is noted that the MyCovenant platform for recording data does not include fields for reporting relevant information. Even worse is the fact that, as stated by Engbretsen, Heggen and Ottersen (2017, p. 365): "The UN 2030 Agenda for Sustainable Development declaration (Oct 25, 2015) launches a double-duty paradox: sustainable development is about both committing oneself to a promise and committing others to an obligation. Responsibility becomes both all- encompassing and non-existent. The SDGs become everyone’s business but no one’s major responsibility. Indeed, should we even come close to achieving the SDGs, we must be able to hold specific agents to account. The responsibility for achieving the goals cannot be entrusted to an unidentifiable and all-encompassing 'we'. If everyone is accountable in theory, no one is accountable in practice." "...there is a need for a robust formative evaluation system that scrutinises accountability mechanisms and possible double-duty paradoxes embedded in the operationalisation and implementation of the SDGs." Our report responds to these criticisms, and proposes new answers to these questions and alternative, more effective approaches. We raise alternative approaches to assessing goal fulfilment, and defining, fostering, and comparing improvements. We also address possibilities concerning how to create, distribute, and apply standardized, mass-customizable tools for productively engaging individuals and populations in pursuit of the Agenda 2030 goals. We respond in particular to Engbretsen, et al.’s call for “a robust formative evaluation system.” ESG – Environment, Social and Governance The terms of Environment Social Governance (ESG) encompass different sets of criteria for evaluating sustainable investments and sustainable risk management. ESG is not, however, a measurement method, as it is rather a kind of common terminology that unfortunately is not always used in ways characterized by transparency and comparability. ESG reporting refers to the disclosure of data covering the company’s operations in three areas: environmental, social and corporate governance. It provides a snapshot of the business’s impact in these three areas for investors. This report proposes alternative terms for these domains so as to more clearly support scientific standards of transparency and comparability.   



9  © RISE Research Institutes of Sweden High quality measurements to facilitate climate change and sustainable investments Quality assurance of products and processes of all kinds rely on the availability of quality-assured measurement. To date, many observations in education, human resource management, healthcare, sustainability, material testing, etc., are considered to lie ‘off the scale’ of quantitative measurement, i.e., they are categorically based measurements (CBM) (e.g., questionnaires, ratings, performance tests, etc.) typically offering ordinal, and not interval, definitions of unit quantity values. Comparability through System of International Units (SI), traceability, and uncertainty analyses are, as yet, not required for regulatory approval of CBM. Contrary to common assumptions, however, measurement science does have the tools, procedures, and methods needed to handle the challenges arising with such observations and has extensive experience developing protocols for evaluating and ensuring quality assured measurements in interval unit quantity values. In this report we propose revitalizing and reconceiving the balance scale as a symbol of justice and ideal of human conduct. Fair measurements are as essential to commerce and economic prosperity as they are to science and the increased understanding that leads to innovation. Because of their technical and mathematical nature, and because they are so deeply embedded in the background of everyday life, it is easy to take measurement for granted. Indeed, our background assumptions about measurement say a lot about what we value and who we are as a civilization. Given the ongoing crises enveloping the world today, however, humanity needs to more intentionally attend to the shared assumptions informing the way it defines fair dealing. Today’s pressing needs for transformed thinking and urgent action go beyond climate adaptation and mitigation to broad scale issues of human suffering, social discontent, and environmental degradation. Advances in measurement modelling made in the 1960s were celebrated in the 1980s as being “widely accepted” as having brought new standards of quality and precision to quantitative methods in general. It is long past time that these methods be put to use, systematically and on global scales, particularly given the growing consensus within Europe that high quality measurements must be included as an essential component of humanity’s response to climate change. Why are there not universally available scientifically rigorous measurements of intangible assets like quality of life in wide circulation? Why are instruments for measuring achievement of the Agenda 2030 Sustainable Development Goals not as practical and convenient as instruments for measuring time, temperature, length, and mass? Why have not human, social, and environmental values been securely aligned with scientific and financial values in more broadly defined economies? The answer to these questions is not: “Because we tried and failed.” On the contrary, these questions have not been heard or considered, much less acted on, though they have been raised in some quarters repeatedly for years. Our purpose here is to provide a demonstration of the principles of quantification to advance the development of measurements for “intangible assets” using metrological methods and approaches. Our hope is to alert potential partners in varied stakeholder groups to alternative ways of conceiving, designing, testing, and implementing measurement systems.   



10  © RISE Research Institutes of Sweden Introduction to metrology Metrology – the science of measurement and its application Metrology is the “science of measurement and Its application,” and includes all theoretical and practical aspects of measurement, whatever the measurement uncertainty and field of application. Or, as defined by the International Bureau of Weights and Measures, metrology is “the science of measurement, embracing both experimental and theoretical determinations at any level of uncertainty in any field of science and technology”. Scientific metrology is concerned with the establishment of units of measurement, the development of new measurement methods, the realization of measurement standards, and the transfer of traceability from these standards to users in a society. The International Vocabulary of Metrology (JCGM, 2012), known as the VIM from its French acronym, defines measurement as a ”process of experimentally obtaining one or more quantity values that can reasonably be attributed to a quantity.” A quantity is defined as a “property of a phenomenon, body, or substance, where the property has a magnitude that can be expressed as a number and a reference.” A quantity value is a “number and reference together expressing magnitude of a quantity,” with the reference here relating to a defined unit, such as a meter, gram, or volt. A measurement unit, in turn, is a “real scalar quantity, defined and adopted by convention, with which any other quantity of the same kind can be compared to express the ratio of the two quantities as a number.” Metrology typically refers to quality assured systems of objects and instruments traceable to consensus standard unit definitions, such as the SI Units. Though measurement systems aspiring to metrological traceability are unusual in the domains of human, social, and natural capital, they are far from non-existent (Cano, et al., 2018, 2019; He & Kingsbury, 2016; Massof, 1998; Massof, et al., 2007; Stone, 2002). One system for measuring English reading comprehension, for instance, involves tens of millions of students in dozens of countries globally every year, along with hundreds of children’s book publishers, testing agencies, curriculum developers, and governmental education departments (Stenner, et al., 2013; Fisher & Stenner, 2016; Williamson, 2018). Many VIM definitions apply in their specific meaning to the measurement of social and psychological constructs, when these are approached via probabilistic models of structurally invariant dimensions experimentally tested against individual level response processes (Mari, et al., 2021; Pendrill, 2019). Positive theoretical comparisons of metrological and psychological modelling approaches are supported by empirical experimental results applying those approaches to the same data, where both arrive at the same results (Andrich, 2019; Camargo & Henson, 2013; Fisher & Stephanou, 2013; Pelton & Bunderson, 2003; Pendrill & Fisher, 2015). RISE - the Swedish national metrology institute RISE is the Swedish National Metrology Institute (NMI), which means that RISE maintains primary measurement standards, and coordinates and represents Sweden’s interests in international metrological contexts. (Most countries have their own NMI which is recognised globally and is part of an international system which facilitate recognition of national measurement standards and measurement capabilities.) NMIs have the responsibility of maintaining national measurement standards and disseminating the SI-units nationally.   



11  © RISE Research Institutes of Sweden According to the Swedish constitution, RISE is responsible for maintaining traceability for 32 physical quantities. These are currently distributed over 14 RISE laboratories, each responsible for maintaining national measurement standards. The assignment includes the most common physical areas as well as measurement technology activities in the field of chemistry and results in an extensive range of advanced calibration services as well as course and research activities in metrology. Moreover, in collaboration with industry and the rest of the society, RISE develops new ways of measuring both the national reference standards for physical and chemical quantities but also for more behaviour-related characteristics beyond the SI-system. These latter fulfil an increasingly important function as a basis for decisions, for example in health care, product development, or urban planning, where quality assured metrology has not yet been fully implemented. RISE is also a signatory to the Swedish membership in EURAMET and sits on EURAMET's "Board of Directors." EURAMET, www.euramet.org, has worked diligently to bring about research collaborations in European metrology, initially within the framework of each country's own funding but later within the framework of an ERA NET + program. Since 2009, EURAMET has been administering an Article 185 program, EMRP (European Metrology Research Program) with EU funding. During this time, up till 2012, EURAMET was chaired by Leslie Pendrill (see below). EMRP has been followed since 2014 by another European research program, EMPIR (European Metrology Program for Innovation and Research). Among other projects funded by the EMPIR, the NeuroMET and NeuroMET2 projects (2016-2019; 2019-2022) are the first projects ever to include measurements beyond the traditional physical and chemical quantities. RISE is leading this work, and positioning measurement quality assurance also for CBM in terms of memory tests within the Alzheimer Disease spectrum. (https://www.lgcgroup.com/our-programmes/empir-neuromet/). Building on the NeuroMET work and other activities at RISE, in 2020 a so-called Knowledge platform for CBM was established to further advance the methodology and collaborations. By learning and adopting from the NMI infrastructure and measurements in physics, we apply a metrology perspective to enable measurement quality assurance for CBM both nationally and internationally across disciplines. Starting in 2021, the next collaboration between the European Commission and EURMET, EMP (European Metrology Partnership), will begin. Among the call areas is the "Green Deal" and "Health". Vinnova and metrology As of 2009, Vinnova in accordance with its regulation letter, is financing RISE surveying operations. In support, Vinnova has put together a program council for metrology. Definitions of key terms and resources Definitions of some key concepts follow. Several definitions are taken from the VIM, which is an abbreviation of the "International Vocabulary of Basic and General Terms in Metrology" (JCGM/WG2, 2012). This document was prepared and published by the BIPM, ISO, and other international standards groups.   



12  © RISE Research Institutes of Sweden • A measurement model states the “mathematical relation among all quantities known to be involved in a measurement” (VIM, 2.48). Measurement models vary in their form depending on the kind of data or observational situation involved, and so are referred to as dichotomous, polytomous, rating scale, partial credit, multifaceted, multilevel, multidimensional, bundled, explanatory, etc. (Adams, Wilson, & Wang, 1997; Andrich, 1978, 1985; Beretvas & Kamata, 2007; De Boeck & Wilson, 2004; Linacre, 1989, 1991; Linacre, et al., 1994; Masters, 1988, 1999; Stenner, et al., 2013; Wilson & Adams, 1995; Wilson & Hoskens, 2001; Wright & Mok, 2000). What all of these models have in common is their focus on defining invariant quantity values. 
• Data take various forms but generally should be distinguished from statistics and scores in that observations may be recorded in a form, such as responses to questions, not amenable to analysis without conversion into a numeric representation of an ordinal value. Thus, responses may comprise a data set that is scored for analysis, summarized by statistics, and scaled via measurement modelling. 
• Estimation algorithms are the applied mathematical functions and operations by which measurement models are implemented. Estimation from ordinal scores evaluates their potential value as evidence of measured quantities (Linacre, 1998; Linacre, Chan, & Adams, 2013). Such algorithms include Joint, Conditional, Pairwise, and Marginal Maximum Likelihood Estimation (JMLE, CMLE, PMLE, and MMLE). 
• Measurement modelling software packages enabling tests of hypotheses concerning the existence of quantity values include 

o Conquest (Adams, Wu, & Wilson, 2015), 
o Facets (Linacre, 2021a), 
o Rasch Unidimensional Models for Measurement: RUMM (Andrich, Sheridan, & Luo, 2017), 
o various R packages (Anderson, Li, & Vermunt, 2007; Bulut, 2021; Hohensinn, 2018; Mair, Hatzinger, & Maier, 2015; Robitzsch, 2020; Robitzsch, Kiefer, & Wu, 2020), 
o Winsteps (Linacre, 2021b), 
o Others (Andersen 1972; ASC, 1996; Glas & Ellis, 1995; Gustafsson, 1979; Kelderman & Steen, 1988; Smith, 1991), and 
o The BEAR Assessment System Software: BASS (Wilson & Scalise, 2015; Wilson & Sloane, 2000; Torres Irribara, et al., 2015; Fisher & Wilson, 2019, 2020) differs from the previous programs listed in offering comprehensive guidance on construct mapping, item design, response scoring, model selection, and reporting. 

• Hypothesis testing in measurement differs from the way it is approached in statistics; in measurement, data are fit to models prescriptively specifying the conditions that must be satisfied for meaningful inference, whereas in statistics, models are descriptively fit to data assumed to define the objective basis for inference.   



13  © RISE Research Institutes of Sweden • Measurement models are identifiable when their parametric form remains invariant across data sets (San Martin & Rollin, 2013). The practical value of measurement hinges on the autonomy of the model from any particular data set, as was taught by Rasch’s mentor, Frisch (Aldrich, 1989), and as Rasch, Thurstone, Koopmans, and Reiersøl agreed (Koopmans & Reiersøl, 1950; Rasch, 1953, p. 65; Fisher, 2021b). As Wright (1997, p. 34) put it, the practical utility of measurement depends on this capacity to predict the future, using the only thing we have but what we do not really want (the data in hand) as a way of picturing what we do not have but really need (an image of what is to come). 
• Measurement unit: real scalar quantity, defined and adopted by convention, with which any other quantity of the same kind can be compared to express the ratio of the two quantities as a number (VIM, 1.19). 
• Statistical tests in the context of measurement are used to evaluate the fit of data to a model, and the power of explanatory theories. 
• Qualitative construct validation in psychometrics has counterproductively exploded into dozens of different ways of prioritizing various features of the measurement situation. Metrologically speaking, the most decisive perspective may be one in which causal relationships are shown to be reproducible from theory (De Boeck & Wilson, 2004; Melin, et al., 2021; Stenner, et al., 2013). Published examples in relevant applications Measurement can be meaningfully and usefully integrated with management when variation in the quantified construct is mapped by a pattern of consistent changes in the response likelihoods. When data fit a measurement model, and the difficulty or agreeability order of the items is predictable from their component elements, the construct is mapped in such a way that the locations of individuals and groups can be identified in relation to where they have already been, where they want to go, and what to do next. This integration of assessment and instruction, of measurement and management, uses the invariance of the item or indicator hierarchy as a means of individualizing interventions (Black, Wilson, & Yao, 2011; Fisher, 2013). When the measurements are informed by validated theory in the context of a large bank of calibrated items, inferences are made in relation to any possible item, not only to those that have actually been administered (Barney & Fisher, 2016; Lunz, Bergstrom, & Gershon, 1994). A number of peer-reviewed example applications of these models and their advantageous properties exist in the domain of environmental research. None of these reports, in contrast to the present research, propose extending their results into practical implementations of metrologically traceable instruments distributed to end users for individualized applications to personal decision processes. Their focus remains at the level of informing policy in general terms in a context of centralized planning. That said, of particular note are the concerted efforts reported in the bodies of work produced by Álvarez and his colleagues and students in Spain, and by Florian Kaiser, with his collaborators in Switzerland and elsewhere. For especially salient reports on air pollution, climate factors, and municipal infrastructure needs, see Álvarez (2005), Álvarez, et al. (2007), and Moral, et al. (2006, 2014a/b, 2016, 2020). The cross-cultural assessment of general environmental behaviors in Switzerland and Sweden by Kaiser and Biel (2000), and related work by Kaiser and Wilson (2000, 2004), provide examples of kinds of scales that could be usefully deployed in distributed decision support systems, as we propose to focus on in future research. Full references for these sources and other reports of potential interest to municipalities, local governments, NGOs, and businesses are given in Appendix IV.   



14  © RISE Research Institutes of Sweden A common language with traceable and consistent metrological reference Metrological quality assurances differ from one-time exploratory investigations, as systematic traceability requires an ongoing capacity for demonstrating repeatable measurement results across instruments and samples. These demonstrations should be both theoretical and empirical. The measured property must consistently exhibit the distinctive and reproducible qualitative features that characterize it as a phenomenon possessing quantifiable magnitude. Different data sets sampled from the same population of subjects (persons, organizations, cities, firms, cases) and from the same population of items (questions, challenges, indicators, stimuli) should result in invariant estimates that plot linearly and correlate at the levels predicted by reliability theory. Capacities for repeated empirical validation provide confidence in our ability to reproduce the expected results over time in practice. Complementary capacities for repeated theoretical validation provide confidence in the efficiencies that stand to be gained from thorough conceptual understandings of what is measured (Embretson, 2010; Melin, Cano, & Pendrill, 2020; Stenner, et al., 2013; Wright & Stone, 1979). When item content and instrument configurations consistently perform as expected and to the needed level of precision across thousands of independent experiments, as has been the case with reading comprehension measurement (Williamson, 2018), empirical calibrations of the items may be deemed redundant and superfluous. In the same way that thermometers, voltmeters, the resistance properties of electrical cable, and weight scales are all calibrated from theory with occasional empirical quality checks, so, too, might the items on tests, assessments, and surveys be more efficiently calibrated on the fly at the point of use (Bejar, et al., 2003; Embretson, 2010; Gierl & Haladyna, 2012; Kosh, et al., 2019; Melin, et al., 2021; Stenner, et al., 2012; Williamson, 2018). A significant domain of research is opened up in the contrast between the costs associated with developing, quality assuring, administering, and managing individual items using traditional methods and the costs associated with items automatically generated on the fly (Kosh, et al., 2019). The extremely low cost of automatic item generation will be a significant factor contributing to the lower transaction costs needed for efficient human, social, and natural capital markets (Fisher, 2002, 2010a/b, 2012a/b, 2020a/b). Empirically based, theoretically explained quality assured common languages will provide an order of magnitude improvement in the quality of human, social, and natural capital management and communications.   



15  © RISE Research Institutes of Sweden Method Data source The CDP data were downloaded as an Excel file, which was imported into SPSS and divided into separate, more manageable files, by question. In the CDP Excel file, each city’s descriptive characteristics are repeated in as many rows as there are questions answered. If a city responds to 283 questions, it has 283 rows of data in which 90% or more of the content is identical. In addition, not all cities respond to the same questions, and when they do, the rows in the data file containing responses to the same questions are in different orders. In fact, one field is labelled “Row,” and indicates the row in which a response to a particular question from a given city is found.  Answers to a given question of a particular content are assigned different row numbers across cities. It was then necessary to locate consistent question identifiers and use these to compile a flat file in which every city occupies a single row, and each question occupies a single column. The Winsteps control, output, and data files are provided in Appendix I, along with plain text file versions of the SPSS syntax for restructuring the CDP Hazards and Adaptive Capacity data files. Data sets analyzed Cities’ responses to four sets of questions (domains) were extracted, formatted, and analysed. These were: 
• Climate Hazard Question 2.1 
• Adaptive Capacity Factor Questions 2.2, 3.2, and 3.2a 
• Covenant of Mayors CO2 Emissions Question 4.6a 
• Global Protocol for Community Greenhouse Gas Emissions Inventories (GPC) Question 4.6b Multiple subquestions are asked in the context of each overall domain. Question 2.1, for instance, lists 36 climate hazards, and then asks cities to answer ten subquestions about each hazard. Seven of these subquestions involve ordinal Yes/No or rating responses, and these were the focus of the subsequent analyses. The total hazard by subquestion array gives 252 total questions. Similar structures were found for the other three domains. Details on the content and numbers of subquestions by domain are given in Appendices II A-D. Scoring These data not designed to fit a scientific model of measurement. A methodical approach to measurement often proceeds by conceptually mapping variation in the construct, writing items intended to articulate that variation, administering the items to obtain responses, scoring the responses, and then applying the relevant measurement model before possibly cycling back to the beginning (Fisher, 2006; Wilson, 2005). The goal of the design process is to maximize the likelihood of obtaining a needed degree of precision and fit to a measurement model by intentionally introducing consistent variation into the item contents, and by asking enough questions to reduce uncertainty in relation to that variation. In this project, however, we enter into the cycle at the point of the response scoring process. For the first two data sets analysed (Climate Hazards, and Adaptive Capacity Factors), initial analyses addressed the response data as received, since it was already scored in terms of ordinal ratings.   



16  © RISE Research Institutes of Sweden For the two CO2 emissions data files (Questions 4.6a and 4.6b), however, a more elaborate process of devising comparable observations was needed, since cities’ emission volumes plainly will vary with their populations. As population estimates were provided, each city’s reported CO2 metric tonnes were divided by the given population for each indicator. Those per capita rates were then divided into six equal groups and assigned a score, where 1 indicates the worst performance, and 6, the best. Examples of the original, per capita, ranking, and percentile scored distributions for emissions questions 4.6a and 4.6b are included in Appendices II C and D. The decision to divide the distributions into six groups of ratings was made simply on the basis of past experience with data of these kind. In evaluating the consistency of the categorizations across the conjoint relation of cities and emissions sources, it often happens that one or more of the scored distinctions is not sustained. This may happen for a variety of reasons but can be detected only if one begins from more rating categories rather than fewer. SPSS also was useful for ranking the CO2 emission metric tonnes and assigning ratings. The Winsteps (Linacre, 2021) software for implementing probabilistic models of measurement includes an automated interface for importing data files formatted for Excel, SPSS, and other programs. Winsteps automatically creates a basic control variable text file and a text version of the data file. Detailed technical guidance can be found in the Winsteps manual, which is available for free downloading at https://www.winsteps.com/manuals.htm. Measurement model The measurement models chosen for application in the following analyses uniformly hypothesize the existence of structurally invariant unit quantities. The models applied vary only with respect to how many rating categories are parameterized, and the numbers and groups of items to which those parameterizations apply. The measurement model generally has a rating scale (Andrich, 1978) form: ln(Pnij / (1 - Pnij)) = Bn - Di - Kj which states the formal expectation that the log of the odds of success is a function of the difference between the experience B of city n and the difficulty D of item i relative to the difficulty K of disagreeing or agreeing at the level of category j. The specific form of the model used in any of the four data sets varies depending on whether items share a common rating scale or not. If all items have unique rating formats, then the rating parameter K is dropped from the model, and the categories j are estimated in association with each item: ln(Pnij / (1 - Pnij)) = Bn - Dij If no items have more than two response categories, then the j subscript is dropped, as the single threshold marking the transition from the lower to the higher category is identical with the item difficulty: ln(Pni / (1 - Pni)) = Bn - Di Data as analyzed Table 1 shows the numbers of cities and countries responding in each domain, and the numbers of cities by CDP global region. Eleven cities in Sweden participated in the Climate hazards, Adaptive capacities, and GcoM emissions surveys. No cities in Sweden responded to the Question 4.6b items on CO2 emission scopes I, II, and III. 



17  © RISE Research Institutes of Sweden Table 1. Geographic distributions of cities by domain 
 2.1 Climate hazards 2.2, 3.2, 3.2a Adaptive capacities 4.6a GcoM CO2 emissions 4.6b GPC CO2 Scope I, II, III emissions Total # Cities 709 694 350 79 # Countries 83 82 53 33 # Cities in:     Africa 32 30 9 4 East Asia 26 26 13 6 Europé 148 145 92 8 Latin America 262 241 109 28 Middle East 5 5 1 2 North America 180 173 92 21 South and West Asia 11 10 8 1 Southeast Asia & Oceania 45 46 26 9    



18  © RISE Research Institutes of Sweden Results Detailed results are given in Appendices II A-D. Table 2 provides summary results. Analyses proceeded from all available responses to various subsets of data. The data and model were modified to account for empty rating categories, items and cities with few responses, and items that appear to measure separate constructs. In what follows, we interpret the results relative to the needs for transparency, comparability, and accountability. Measurement maps the improvement trajectory. This is done in a way that can inform day to day activities by indicating where a process is at relative to its goal, and showing what comes next in a logical sequence. This approach attends to establishing structures, processes, and outcomes in an orderly fashion. Differences in circumstance across situations can be accommodated via adaptive selection of relevant tasks and challenges, without compromising overall comparability. Repeated measures document gains as progress toward a goal is made. Table 2. Results summary   Domain Initial / Final # items Initial / Final # categories Initial / Final # cities Initial / Final % missing data Initial / Final city measurement reliability 2.1 Climate hazards 252 / 47 23 / 15 709 / 132 90% / 47% 0.77 / 0.82 2.2, 3.2, 3.2a Adaptive capacities  55 / 26  20 / 4  694 / 63  87% / 67%  0.52 / 0.79 4.6a GcoM CO2 emissions 31 /19 186 / 57 350 / 141 53% / 40% 0.81 / 0.85 4.6b GPC CO2 Scope I, II, III emissions  17 / 17  102 / 51  79 / 79  35% / 35%  0.81 / 0.80    



19  © RISE Research Institutes of Sweden Discussion Transparency Final measurement separation reliabilities across the four domains were all near 0.80, which means about three strata (statistically distinct ranges with centers separated by three standard errors) are distinguished by each scale. Reliability coefficients indicate how transparent an instrument is. They do so by conveying information about the stability of the measurement system. An instrument is transparent to the extent that one can look right through it and see the thing measured. Transparency is the reason why it is important to design instruments in terms of measurement models requiring the property of invariance. Within each stratum separated by the consistent and repeatable distinctions made by an instrument, the key features of what is measured stay put no matter which items are administered and no matter who is measured, within some limits. Transparent representations of a given construct can be obtained even when different instruments are used on different samples. Comparability on global scales depends on achieving transparency in local applications. Comparability The principle of transparency is illustrated in the comparability obtained in tables 3 and 4, and figures 1 and 2, taken from Appendix II C. In table 3 and figure 1, 139 pairs of CO2 emission management measurements were estimated from two subsets of items. Care was taken to include items from each category in each subscale, with four items in common. The resulting high correlation (0.888) and linear plot substantiates the model fit results. No matter which instrument is used, the same measurements are produced. Conversely, in table 4 and figure 2, splitting the sample of cities roughly in half and estimating values for nine of the question 4.6a items also calibrates the same emissions sources scale. Again, the high correlation (0.933) and linear plot substantiates the model fit. Similar results were obtained for the Climate hazard and Adaptive Capacity scales. There was too little data available to successfully demonstrate this principle for the scope I, II, and III emissions scale. See Appendices II A and B. 



20  © RISE Research Institutes of Sweden Table 3. Correlation of city measurements from different Question 4.6a item subsets   Figure 1. Plot of city measurements from different Question 4.6a item subsets    



21  © RISE Research Institutes of Sweden Table 4. Correlation of Question 4.6a item calibrations from separate subsamples of cities      Figure 2. Plot of Question 4.6a item calibrations from separate subsamples of cities 



22  © RISE Research Institutes of Sweden Accountability An example illustrating how measurement maps actionable trajectories for accountable management is shown in Figure 3, taken from the Adaptive Capacities scale. The red vertical line shows the mean measurement for 11 cities in Sweden. The data were originally comprised of ratings on a six point scale, but no distinctions were sustained between the categories labelled Somewhat Challenging, Somewhat Supporting, and Moderately Supporting. These three categories were then combined into a single one positioned between Moderately Challenging and Significantly Supporting. The horizontal measurement continuum shown in the figure progresses from the cities indicating the least support for adaptive capacity on the left, to those indicating the most, on the right. The further to the right on the scale a city is, the more likely a response of 4, Significantly Supporting, becomes, no matter which item is involved. The further to left, and lower on the scale, a city is, the less likely a response of 4 becomes, no matter which item is involved. The vertical item hierarchy shown in the right of the figure defines a meaningful continuum of increasingly challenging factors affecting cities’ adaptive capacities. At the bottom of the scale, Access to Education, Political Engagement & Transparency, Community Engagement, Political Stability, Access to Basic Servcies, and Access to Health Care define the most significantly supporting adaptive capacities. At the top of the scale, Inequality, Unemployment, Rapid Urbanization, Poverty, and Budgets pose the most significant challenges to adaptive capacities. The higher on the scale an adaptive capacity factor is, the less likely any city is to give a response of 4, Significantly Supporting. The lower on the scale the factor is, the higher the likelihood any city will respond in category 4. Accountability is implicated in the figure 3 item hierarchy because it defines a stable continuum of adaptive capacity development. A vertical line drawn up the page from any given measurement on the horizontal scale crosses the expected rating for that level on every item. A city with a low measure, say at about -3.0, two standard deviations below the mean, is finding even Access to Education and Transparent Political Engagement Moderately Challenging. Everything from Access to Basic Services and Healthcare on up the scale is likely to be rated as Significantly Challenging. The agenda recommended for a city at that level is to work up from basics, to address the factors at the bottom of the scale providing a foundation for the factors appearing higher up the scale. Accountability follows from the public nature of the convergence or divergence policies may exhibit in relation to the developmental trajectory defined in a scale like that shown in figure 3. In current practice, it may happen that politically motivated policies may target adaptive capacity factors located at levels so far above the city’s measure that success would be improbable. Conversely, fundamental adaptive capacities essential to future advancements may be left incomplete.  



23  © RISE Research Institutes of Sweden   Figure 3. Expected ratings on the Adaptive Capacities scale (Questions 2.2, 3.2, and 3.2a)  The invariance of the adaptive capacities item hierarchy across cities defines the developmental trajectory of sustainable development in responding to climate change. Effectively responding to Engbretsen, et al.’s (2017) call for improved formative evaluation methods hinges on integrating measurement and management in this way. Moving forward from here, we need to ask how the trajectory of adaptive capacity development might be effectively theorized, with explanatory reasons given for how and why the order of things appears as it does. If the hierarchy of improved adaptive capacity was made public, might policies and practices be more meaningfully aligned and coordinated? Might various community groups, nongovernmental organizations, and business firms be better empowered to act and contribute to adaptive responses to climate change if information like this was made public? Now, in light of that hypothetical example, consider the situation of the Swedish municipality of Trelleborg, shown in table 5 below, taken from Appendix II B. Trelleborg has a measurement of about -1.1, with an uncertainty of about 0.7 and a 95% confidence interval ranging from -2.5 to 0.3. Trelleborg answered 10 items, has a total sum score of 14, and has slightly inflated fit statistics (mean squares greater than 1.0), indicating the presence of unexpected noise.  



24  © RISE Research Institutes of Sweden Table 5. Summary statistics for eleven Swedish cities’ Adaptive Capacities measurements  The Guttman Scalogram in table 6, shown below and also taken from Appendix II B shows that Trelleborg indicates, with its response of 3 to item 38, that it has completed implementation of an adaptive capacities plan. The range in which a response of 3 is expected, however, is far to the right of Trelleborg’s position on the scale, making that response quite unlikely. (Though two other cities in table 6 have larger fit statistics, they also responded to fewer items and have more extreme measurements, both of which inflate the standard error of measurement and add to the uncertainty of inferences.)  Table 6. Guttman scalogram for eleven Swedish cities’ Adaptive Capacities measurements  Questions of accountability are raised by the fact that Trelleborg’s measure is about 1.8 logits lower on the scale than the calibration of the transition to a response of 3 on item 38, which asks if the adaptive plan has been implemented. If the plan is actually implemented, why are all of Trelleborg’s other responses all in categories 1 and 2, indicating Significantly and Moderately Challenging factors? Did the plan target low performance standards on the adaptive capacities? Was the rating scale misinterpreted, such that responses of 1 should be 4, and responses of 2, should be 3? Or was the response of 3 on item 38 an error that should be corrected? There may, of course, often be good reasons explaining why local circumstances require the accommodation of departures from the general pattern of development characteristic of adaptive capacity building. But making these exceptions to the rule visible and open to scrutiny is key to achieving the transparency, comparability, and accountability we need if we are to all work together to common ends.   



25  © RISE Research Institutes of Sweden Conclusion A landmark article (Knoster, Villa, & Thousand, 2000) defines the conditions for success in creating sustainable systems change (Figure 4). Plainly, given that we manage what we measure, very different outcomes for sustainable change are likely to result when the vision, skills, incentives, resources, and plans for sustainable change brought to bear are informed by metrologically attuned measurement than when it is not. The conditions defining the CDP definition of successful implementation of measures of climate hazards, adaptive capacities, and emissions suffer from having omitted advanced measurement and metrology. Including these essential concepts and methods in future efforts at measuring and managing climate hazards, adaptive capacities, and emissions will provide a stronger basis for successful implementation than has been possible in the past.    Figure 4. Conditions for sustainable change  Key findings Benefits to stakeholders (such as investors, companies, municipalities, states, regions, and citizens as well as the global and national disclosure systems for managing environmental impacts) following from a shift to a metrological perspective include: 
• Transparency: being able to look through instruments at the objects of interest. 
• Comparability: being able to assess goal attainment across locally varying factors. 
• Accountability: being able to see where we are relative to where we have been, where we want to go, and what comes next. These benefits speak directly to the issues raised in criticisms of the EU Taxonomy, and the Agenda 2030. Measurements mapping the natural progression of sustainable change focus attention on opportunities for improvement that offer the maximum possible leverage. Qualitatively meaningful unit quantities support rigorous but convenient comparisons that can accrue into assurances as to fit-for-purpose applications. Sustainability investments and asset management can to a greater extent be steered towards 



26  © RISE Research Institutes of Sweden reasonable risk allocations that take into account whether returns are having the desired effects. Data volumes can be reduced with no loss of information. Four CDP data sets were investigated (Climate Hazards, Adaptive Capacities, the Global Covenant of Mayors CO2 Emissions Reporting Framework, and the Global Protocol for Community Greenhouse Gas Emissions Inventories (GPC) format), detailed reports on those can be find in Appendix I and II. In short, none of these data sets were designed with the intention of achieving metrologically traceable unit quantity definitions, and much can be done to improve the quality of the measurements obtained. Recalling the scientific measurements, international standards and worldwide metrological infrastructure deeply embedded in everyday life, the question as to why we need metrology has two short answers: for justice and for efficient markets (Alder, 2002; Ashworth, 2004; Fisher, et al., 2019). Justice is a question about equality and fairness; no one should be excluded or misjudged due to absence of a common language and shared metrics, because of a lack of transparency and harmonized metrological references. Creating media for the expression of individual voices was a key motivation for Rasch in the development of his models, as he explicitly states on the first page of his Preface to his 1960 book (Rasch, 1960, p. xx). Individually customized reports combining measured quantity values with displays of unique strengths and weaknesses have been in use in education and health care for many years (Chien, et al., 2009, 2011, 2018; Fisher, Oon, & Benson, 2021; Holster & Lake, 2015; Lee & Yeoh, 1998; Martois, 1985; Masters, 1994; Mead, 2009; Ryan & Mcrae, 2005; Smith, 1994; Smith & Kramer, 1989; Wright, Mead, & Ludlow, 1980). Based on the principle of justice, efficient markets can be obtained with common ‘currencies’ for the exchange of value, which can be created to coordinate a wide array of stakeholder interests (legal, financial, economic, technical, aesthetic, moral, social, etc.) (Fisher, 2009a, 2012a/b, 2020a, 2021a; Fisher & Wilson, 2015). Those interests need to work together to harmonize relationships in the manner of musical instruments and scales. Coordinating and aligning values relative to shared standards open to the expression of unique individuality and creative improvisation is a viable goal. In the case of the CDP and GCoM climate measures, the results reported here support the viability of decisive and constructive responses to critical appraisals the EU taxonomy, and the Agenda 2030’s Sustainable Development Goals. These results are offered as an initial and highly provisional illustration of what can be achieved via the application of advanced measurement modelling methods in a metrological context. We are not proposing making practical use of these results apart from how they inform a new start at designing systems from a comprehensive perspective, as might, perhaps, be achieved via Best Test Design (Wright & Stone, 1979; Fisher, 2015b), construct modelling (Wilson 2005), or Design Thinking (Fisher, Oon, & Benson, 2021). The point is, together with key stakeholders, to go back to the drawing board, starting from what we learned in these analyses to rethink what is wanted. That is, it may not be desirable to measure whatever is approximated by these data. It may be important to start fresh and to think through answers to the following questions from the perspective of each stakeholder group: 
• What needs to be managed? 
• At what level of precision? 
• By whom? 
• Where? 
• When? 
• How often? 



27  © RISE Research Institutes of Sweden • With what feedback? 
• To what specific purpose? With answers to questions such as these in hand, then it may be possible to start a construct mapping, item writing, etc. process. The unnecessary redundancies and complications making the CDP data file structures difficult to manage will also be addressed. Suggested continuation This introduction makes use of existing data organized and gathered by some of those who are most intensely involved in addressing the urgent need for climate action. The advantage of starting from these data is that new ideas are expressed in relation to existing ones. Learning always proceeds from what is already known, so the point here is to make a new beginning from familiar ground. The disadvantage of starting from these existing data is that they were not designed to serve the purposes of scientifically rigorous measurement. These data cannot be used to illustrate as much of what advanced measurement offers as one would wish. Had the instruments been designed with the goal of informing practice by mapping a continuum of sustainable development in efforts countering climate change, far more could have been accomplished. The analyses reported here are then just a start, a first turn of the handle of a door onto what may lead to a new world of possibilities. The enhanced communications and management potentials provided by higher quality measurement information ought, in theory, to lead to widely adopted new ways of imagining, visualizing, conceptualizing, and designing entrepreneurial approaches to sustainable development. Because of the existing global network of metrological standards, locating our efforts at RISE, Sweden’s national metrology institute, may prove key to creating new institutions at the needed scale. The potential for success in our efforts is suggested by Latour in his various works on metrology (Latour, 1987, pp. 247-257; 2005, p. 228), but nowhere does the point come through more clearly than in the title to his 1983 article, “Give me a laboratory and I will raise the world.” Latour makes an analogy here from Archimedes’ observation of the power of the lever and fulcrum; given a long enough lever and a fixed place to push against, a single person might well be able to move the Earth. In the same way, for instance, that Pasteur altered the social environment to make space and roles for various microbial forms of life (Latour, 1988, 1993), so, too, must we today alter our institutions so that other kinds of real, reproducible things in the world—such as objectively measurable literacy, health, social, and natural capital--can assert their separate independent agency and act in partnership with us (Fisher, 2009a/b, 2012a/b, 2015a/c, 2020a/b/c, 2021a/b). Decades of research suggest advanced measurement and metrology are viable goals (Mari, Wilson, & Maul, 2021; Pendrill, 2019), and decisive answers to crucial questions cannot be obtained except by doing the work. Based on the input from Viable Cities Transition Lab and Klimatkontrakt 2030 as well as stakeholder input from the project “Verktyg för integration av hållbarhetsmått i finansiell analys” we suggest: 
• Developing and applying metrological measurements to identify and overcome national and municipality climate policy deficits and ESG risks in collaboration with Viable Cities and the Sustainable Finance Lab. 
• Developing and applying metrological measurements in collaboration with global and national disclosure systems for visualizing and managing environmental impacts.   



28  © RISE Research Institutes of Sweden Based on RISE's almost century-long tradition as a measurement technology institute, we have developed the capacity to support the development of various types of person-centered measurements concerning human welfare and organizational development. If we, together with relevant authorities, researchers and interest groups, begin strategic work based on existing sustainability indicators, we can eventually establish a functional measurement system. This would drive continuous improvement, innovation and better opportunities for democratic accountability and thus enable significant efficiency gains by improving the quality and meaningfulness of measurements. Appendix III lists 22 additional data sets relating to climate change and sustainable development concerns that have been downloaded and analyzed in the years 2007 to 2021. If any of these should be of interest, more information about them can be obtained on request. Appendix IV lists peer-reviewed publications reporting research related to our analyses of the CDP data. Though none of this research projects the distributed metrological ecosystems of environmentally embedded cognitive supports we propose, the results reported in those papers provide examples of the kind measurement models, data analyses, and instrument calibrations relevant to such a system. In Appendix IV, see especially Álvarez (2005), Álvarez, et al. (2007), Moral, et al. (2006, 2014a/b, 2016, 2020), Kaiser and Biel (2000), and Kaiser and Wilson (2000, 2004). Other potentially relevant CDP cities emissions questions Other relevant CDP cities emissions questions have not yet been addressed. Some of these include the following, but this list is not comprehensive. 
• 4.6c: Please provide a breakdown of your GHG emissions by scope. Where values are not available, please use the comment field to indicate the reason why. 
• 4.6d: Where it will facilitate a greater understanding of your city-wide emissions, please provide a breakdown of these emissions by IPCC sector in the table below. 
• 4.6e: Where it will facilitate a greater understanding of your city-wide emissions, please provide a breakdown of these emissions by the US Community Protocol sources. 
• 4.6f: Where it will facilitate a greater understanding of your city-wide emissions, please provide a breakdown of these emissions by end user (buildings, water, waste, transport), economic sector (residential, commercial, industrial, institutional), or any other classification system used in your city. 
• 4.5: Please attach your city-wide inventory in Excel or other spreadsheet format and provide additional details on the inventory calculation methods in the table below. 
• 4.7: If the submitted GHG inventory is baseline inventory for target setting, please provide the Baseline Synthesis Report and stakeholder consultation process and results to this inventory. 
• 4.8: Please indicate if your city-wide emissions have increased, decreased, or stayed the same since your last emissions inventory, and describe why. 
• 4.9: Does your city have a consumption-based inventory to measure emissions from consumption of goods and services by your residents? 
• 4.13: Please provide details on any historical and base year city-wide emissions inventories your city has, in order to allow assessment of targets in the table below. 
• 4.14: Since your last submission, have you needed to recalculate any past city-wide GHG emission inventories previously reported to CDP?   



29  © RISE Research Institutes of Sweden • 4.14a: Please provide your city’s recalculated total city-wide emissions figures for any previous inventories along with Scope 1, 2 and 3 breakdowns where applicable. 
• 4.15: Please provide a summary of emissions factors and activity data used in your inventory. 



30  © RISE Research Institutes of Sweden Recent and upcoming events of interest for sustainability applications of metrology and measurement International Measurement Confederation (IMEKO) World Congress, Yokohama, Japan, September 2021: https://imeko2021.org/ Fisher, W. P., Jr. (2021). Measurement as a geometry of chance and experience. Measurement: Sensors, in press. Melin, J., Cano, S J., Flöel, A., Göschel, L., Pendrill, LR. (2021). Construct Specification Equations: ‘Recipes’ for Certified Materials in Cognitive measurement. Measurement: Sensors, in press. Melin, J., Cano, S J., Göschel, L., Fillmer, A., Lehmann, S., Hirtz, C., Flöel, A., Pendrill, LR. (2021). Metrological References for Person Ability in Memory Test. Measurement: Sensors, in press. Morrison, J., & Fisher, W. P., Jr. (2021). Caliper: Measuring success in STEM learning ecosystems. Measurement: Sensors, in press. Powers, M., & Fisher, W. P., Jr. (2021). Physical and psychological measures quantifying functional binocular vision. Measurement: Sensors, in press. The International Metrology Congress, Lyon, France, September 2021: https://www.cim2021.com/home.html Melin, J., Cano, S J., Regnault, A., Pendrill, LR., (2021) Neuropsychological assessments – word learning list memory tests and diagnostic potential of serial position effects. Measurement Science and Technology, Submitted. Mathematical and Statistical Methods for Metrology, Joint Workshop of ENBIS and MATHMET, Virtual Workshop May/June 2021: http://www.msmm2021.polito.it/ Morrison, J., & Fisher, W. P., Jr. (2021). Multilevel measurement for business and industrial workforce development. Online presentation, MSMM, 1 June. Pendrill, LR., Melin, J., Cano., SJ. (2021). Entropy-based explanations of multidimensionality in ordinal Responses. Measurement Science and Technology, Invited to be submitted 1st October. International Symposium for Production Research, Kemer, Antalya (Turkey): http://www.ispr2021.org/ Fisher, W. P., Jr. (2021, October 9). New opportunities in production research opened up by advances in psychological and social Measurement. In N. Durakbasa (Chair), Keynote address. Fisher, W. P., Jr. (2020, September 27). Aiming higher in the design of manageable measures: The emerging common definition of quantification across the sciences. In J. Bauer & N. Durakbasa (Chair), Industry 4.0 & social isolation. International Symposium for Production Research, Izmir, Turkey. Sensors and Measurement Science International, Online: https://www.smsi-conference.com/ Fisher, W. P., Jr. (2021, May 4). Invariance in measured quantities across the sciences. In G. Gerlach & K.-D. Sommer (Chairs). Plenary address. Fisher, W. P., Jr. (2020). Measurements toward a future SI: On the longstanding existence of metrology-ready precision quantities in psychology and the social sciences. In G. Gerlach & K.-D. Sommer (Eds.), Sensors and Measurement Science International (SMSI) 2020 Proceedings (pp. 38-39). AMA Service GmbH.   
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41  © RISE Research Institutes of Sweden APPENDIX I Data sets, control files, and outputs Climate Hazard Question 2.1 data set, control file, and output: CDPCitiesQ2pt1Col11c.zip Adaptive Capacity Factor Questions 2.2, 3.2, and 3.2a data set, control file, and output: CDPCitiesQ2pt23pt2c.zip Covenant of Mayors CO2 Emissions Question 4.6a data set, control file, and output: CDPCitiesCityWideEmissionsData46b.zip Global Protocol for Community Greenhouse Gas Emissions Inventories (GPC) Question 4.6b data set, control file, and output: CDPCitiesCityWideEmissionsData46a1.zip   



42  © RISE Research Institutes of Sweden APPENDIX II A CDP Cities Question 2.1 on Climate hazard probabilities and magnitudes Question 2.1 states: Please list the most significant climate hazards faced by your city and indicate the probability and consequence of these hazards, as well as the expected future change in frequency and intensity. Please also select the most relevant assets or services that are affected by the climate hazard and provide a description of the impact. For each of the 36 climate hazards listed in Table 1, the following questions, numbered by their columns in the CDP data file, were posed: 2: Did this hazard significantly impact your city before 2020? (Yes or No) 3: Current probability of hazard (Low, Medium Low, Medium, Medium High, High) 4: Current magnitude of hazard (Low, Medium Low, Medium, Medium High, High) 5: Social impact of hazard overall (Multiple nominal categories) 6: Most relevant assets / services affected overall (Multiple nominal categories) 7: Please identify which vulnerable populations are affected (Multiple nominal categories) 8: Future change in frequency (Decreasing, Increasing) 9: Future change in intensity (Decreasing, Increasing) 10: Future expected magnitude of hazard (Low, Medium Low, Medium, Medium High, High) 11: When do you first expect to experience those changes in frequency and intensity? (Immediately, Short-term (by 2025), Medium-term (2026-2050), Long-term (after 2050) Of these ten columns, seven (2, 3, 4, 8, 9, 10, 11) with ordinal responses were selected for further analysis. For the Question 2.1 data, responses were obtained from 712 cities in 83 countries (3 with no data, leaving 709). Cities were distributed across regions as follows: 32 Africa, 26 East Asia, 148 Europe, 262 Latin America, 5 Middle East, 180 North America, 11 South and West Asia, 45 Southeast Asia and Oceania. Question 2.1 on climate hazard probabilities and magnitudes were processed in three runs. The first run included all data, while the two following runs were adjusted due to previous analyses. Table 2 provide a summary of data points and quality – for both items and cities – used in the three runs. From the first run, it was evident that the 5-point impact rating scale works differently across the three item groups it is used on: Low and Medium Low ratings were not distinguished in column 3 (Current Probabilities) & 4 (Current Magnitudes), and Low/Medium Low and Medium High/High ratings were not distinguished in column 10 (Expected Magnitudes). This implies that collapsing indistinguished categories may improve construct expression and reliability, which was done in run 2. In addition, the Principal Components Analysis (PCA) of standardized residuals pushed all column 11 items to one extreme and this was the only instance of implied measurement correlations lower than 0.85. The implication is that column 11's focus on the soonest likely experience of future changes in climate hazard impacts is qualitatively distinct from the construct measured by the current hazard impact items, and thus, removed in run 2.    



43  © RISE Research Institutes of Sweden Table 1.GCoM Question 2.1: 36 Climate Hazards  Biological hazards > Air-borne disease Extreme Precipitation > Fog Mass movement > Rock fall Biological hazards > Insect infestation Extreme Precipitation > Hail Mass movement > Subsidence Biological hazards > Vector-borne disease Extreme Precipitation > Heavy snow Storm and wind > Cyclone (Hurricane / Typhoon) Biological hazards > Water-borne disease Extreme Precipitation > Monsoon Storm and wind > Extra tropical storm Chemical change > Atmospheric CO2 concentrations Extreme Precipitation > Rain storm Storm and wind > Lightning / thunderstorm Chemical change > Ocean acidification Flood & sea level rise > Coastal flood Storm and wind > Severe wind Chemical change > Salt water intrusion Flood & sea level rise > Flash / surface flood Storm and wind > Storm surge Extreme cold temperature > Cold wave Flood & sea level rise > Groundwater flood Storm and wind > Tornado Extreme cold temp > Extreme cold Days Flood & sea level rise > Permanent inundation Storm and wind > Tropical storm Extreme cold temp > Extreme winter conditions Flood & sea level rise > River flood Water Scarcity > Drought Extreme hot temp > Extreme hot days Mass movement > Avalanche Wild fire > Forest fire Extreme hot temp > Heat wave Mass movement > Landslide Wild fire > Land fire  By collapsing categories and removing column 11, the number of categories dropped from 23 to 15, while it made little impact on other data points and quality. However, category function was improved – increasing ratings now correspond to higher measurements – and all disattenuated correlations of implied measurements from contrasting items identified in PCA now >0.99. The major problem of a large volume of missing data inflates uncertainty and lowers reliability. Therefore, restricting items and cities to those with a minimum number of responses may give a clearer picture. In run 3, with restricted data, items have responses from at least 100 cities and cities have responses to at least 20 items. As expected, this improved the reliability – of both items and cities – and at the same time maintained same structure with increasing ratings correspond to higher measurements. While 9 of 12 disattenuated correlations of implied measurements from contrasting items identified in PCA >0.84, the other 3 correlations ranged from 0.65 to 0.75.    



44  © RISE Research Institutes of Sweden Table 2. Summary of three runs with Question 2.1 on climate hazard probabilities and magnitudes.  
 Run 1: All data Run 2: Modified data Run 3: Restricted data Subquestions 2, 3, 4, 8, 9, 10, 11 2, 3, 4, 8, 9, 10 2, 3, 4, 8, 9, 10 
    Items 252 216 47 Categories 23 15 15 Missing 90% 90% 47% Responses per item (average) 68 68 70 Responses per item (range) 4-314 3-314 32-100 Maximum extreme score items 26 26 7 Minimum extreme score items 0 0 0 Remaining items 226 190 40 Responses per remaining item (average) 71 71 71 Responses per remaining item (range) 4-314 5-314 32-100 Item calibration separation reliability 0.85 0.87 0.93 Item calibration RMSE, ADJJ SD 0.43, 103 0.50, 1.27 0.37, 1.31 
    Cities 709 709 132 Responses per city (average) 24 21 25 Responses per city (range) 1-147 1-121 20-43 Maximum extreme score cities 27 41 3 Minimum extreme score cities 1 10 0 Remaining cities 681 658 129 Responses per remaining cities (average) 25 22 25 Responses per remaining cities (range) 1-147 1-121 20-43 City measurement separation reliability 0.77 0.75 0.82 City measurement RMSE, ADJ SD 0.40, 0.72 0.51, 0.88 0.38, 0.81    



45  © RISE Research Institutes of Sweden Question 2.1 on Climate hazard probabilities and magnitudes Expected Scores, Score-point measures and peak category probabilities Vertical line shows Sweden’s mean 0.61 +/- 2 uncertainty ranges (95% CI)      



46  © RISE Research Institutes of Sweden Question 2.1 on Climate hazard probabilities and magnitudes Sweden’s statistics vs Overall   Question 2.1 on Climate hazard probabilities and magnitudes By Country Comparisons (Sweden: 0.61)   Question 2.1 on Climate hazard probabilities and magnitudes Measurements and statistics for 11 Cities in Sweden   



47  © RISE Research Institutes of Sweden Question 2.1 on Climate hazard probabilities and magnitudes 11 Cities in Sweden: Guttman Scalogram   Question 2.1 on Climate hazard probabilities and magnitudes 11 Cities in Sweden: Least consistent responses   Question 2.1 on Climate hazard probabilities and magnitudes 11 Cities in Sweden: Most unexpected responses    



48  © RISE Research Institutes of Sweden Question 2.1 on Climate hazard probabilities and magnitudes Invariance: Same calibrations, different cities Correlation r = 0.92; First 79 with Overall r = 0.99; Last 53 with Overall r == 0.96    



49  © RISE Research Institutes of Sweden APPENDIX II B CDP Cities Questions 2.2, 3.2 & 3.2a Adaptive capacity factors Questions 2.2, 3.2 and 3.2a.3 on Adaptive capacity factor were processed in four runs. The three first runs are similar to Question 2.1 on climate hazard probabilities and magnitudes, i.e. first run included all data, the second run is modifying and the third run is restricting data, while the fourth run on this data is a further restriction. Table 3 provides a summary of data points and quality – for both items and cities – used in the three runs. Adaptive capacity factor item content: 
• Access to Basic Services 
• Access to Education 
• Access to Healthcare 
• Access to Quality Relevant Data 
• Budget Capacity 
• Community Engagement 
• Cost of Living 
• Economic Diversity 
• Economic Health 
• Environmental Conditions 
• Governmental Capacity 
• Housing 
• Inequality 
• Infrastructural Capacity 
• Infrastructure Conditions & Maintenance 
• Land Use Planning 
• Migration 
• Political Engagement & Transparency 
• Political Stability 
• Poverty 
• Public Health 
• Rapid Urbanization 
• Resource Availability 
• Safety & Security 
• Under-Employment 
• Unemployment  



50  © RISE Research Institutes of Sweden The evidence from the first run suggests that the 6-point Challenges/Supports rating scale does not sustain middle range distinctions; the two Somewhat ratings together attract only 10% of responses and the Moderately Supporting category has 11%. In addition, transition thresholds were disordered; 2 MNSQs are >= 1.2 and 7/12 coherence statistics are < 40% (measures do not imply category or vice versa). The results of the Principal Components Analysis (PCA) of standardized residuals was satisfactory, though the low reliability indicates no unit of measurement is defined. This implies that uncertainty overwhelms variation and there is no statistical confidence in the difference between the lowest and highest scores. The second run with modified data showed that increased ratings correspond to higher measurements and all but one of the disattenuated correlations of the implied measurements from contrasting items identified in the PCA are now >0.99. There are, however, large volumes of missing data, which inflates uncertainty and lowers reliability. Moreover, no unit quantity is defined, as uncertainty overwhelms variation. As restricting cities and cases to those with a minimum number of responses may give a clearer picture, a minimum of 10 responses per city was used in the third run. The third run yielded a maintained structure, with increasing ratings correspond to higher measurements and most (13 of 15) disattenuated correlations of implied measurements from contrasting items identified in PCA > 0.94. Still, only a minimal unit of measurement is identified, with about three times more variation than uncertainty. Thus, a further restriction of the data to the best fitting cities was explored, focusing on at least 6 responses & MNSQ < 1.4 on the single 4- category Column 3 item group. The further data restriction showed a minimal improvement in the unit of measurement. Table 3. Summary of four runs with Question 2.2 and 3.2.3 on Adaptive capacity factors.  
 Run 1: All data Run 2: Modified data Run 3: Restricted data Run 4: Further restricted data Items 55 55 55 26 Categories 20 13 13 4 Missing 87% 87% 72.5% 67% Responses per item (average) 88 88 49 21 Responses per item (range) 3-579 3-579 2-156 2-34 Maximum extreme score items 0 0 0 0 Minimum extreme score items 1 1 2 0 Remaining items 54 54 54  Responses per remaining item (average) 89 89 49.5  Responses per remaining item (range) 3-579 3-579 2-156  Item calibration separation reliability 0.95 0.95 0.93 0.90-0.93 Item calibration RMSE, ADJ SD 0.31, 1.33 0.33, 1.43 0.37, 1.31 0.47-0.50, 1.47 
     Cities 694 694 178 63 Responses per city (average) 7 7 15 8.5 Responses per city (range) 1-43 1-43 10-43 6-20 



51  © RISE Research Institutes of Sweden Maximum extreme score cities 30 31 1 2 Minimum extreme score cities 44 159 5 3 Remaining cities 620 504 172 58 Responses per remaining cities (average) 7.5 8.7 15 8.6 Responses per remaining cities (range) 1-43 1-43 10-43 6-20 City measurement separation reliability 0.42-0.52 0.21-0.40 0.73-0.77 0.77 – 0.79 City measurement RMSE, ADJ SD 1.13-1.23, 1.05-1.17 0.95-1.10, 0.56-0.79 0.54-0.58, 0.95- 0.97 0.58- 0.62, 1.13   Questions 2.2, 3.2 & 3.2a on Adaptive capacity factors and plans Summary statistics: 11 cities in Sweden    



52  © RISE Research Institutes of Sweden Expected Scores, Questions 2.2, 3.2 & 3.2a on Adaptive capacity factors and plans: Score-point measures and peak category probabilities Vertical line shows Sweden’s mean 0.07 +/- 2 uncertainty ranges (95% CI)   Questions 2.2, 3.2 & 3.2a on Adaptive capacity factors and plans Sweden’s statistics vs Overall   



53  © RISE Research Institutes of Sweden Questions 2.2, 3.2 & 3.2a on Adaptive capacity factors and plans By Country Comparisons (Sweden: 0.07)  Questions 2.2, 3.2 & 3.2a on Adaptive capacity factors and plans 11 Cities in Sweden summary statistics     



54  © RISE Research Institutes of Sweden Questions 2.2, 3.2 & 3.2a on Adaptive capacity factors and plans 11 Cities in Sweden: Guttman Scalogram  Questions 2.2, 3.2 & 3.2a on Adaptive capacity factors and plans Cities in Sweden least consistent responses    Questions 2.2, 3.2 & 3.2a on Adaptive capacity factors and plans Cities in Sweden: Most unexpected responses     



55  © RISE Research Institutes of Sweden Question 2.2 Columns 2 & 3 on Adaptive capacity factors Correlational evidence of invariance of item calibrations across response formats and levels of complete data  Question 2.2 Columns 2 & 3 on Adaptive capacity factors Scatterplot illustrating invariance of item calibrations across response formats     



56  © RISE Research Institutes of Sweden Question 2.2 Column 3 Adaptive capacity factors ratings Correlational evidence of invariance of calibrations across samples of cities   Question 2.2 Column 3 Adaptive capacity factor ratings Scatterplot illustrating invariance of item calibrations across samples of cities     



57  © RISE Research Institutes of Sweden Question 2.2 Column 3 on Adaptive capacity factor ratings Scatterplot illustrating invariance of item calibrations across different amounts of missing data    Question 2.2 Column 3 on Adaptive capacity factor ratings Scatterplot illustrating invariance of item calibrations from most complete and best fitting data and from original all-inclusive data file      



58  © RISE Research Institutes of Sweden Questions 2.2 Columns 2 & 3 on Adaptive capacity factor ratings Scatterplot illustrating invariance of city measurements from Q2.2 Col 2 vs Col 3 different response formats    



59  © RISE Research Institutes of Sweden APPENDIX II C CDP Cities Question 4.6a on the GCoM standard reporting framework’s City-Wide CO2 emissions Question 4.6a content: The Global Covenant of Mayors requires committed cities to report their inventories in the format of the new Common Reporting Framework, to encourage standard reporting of emissions data. Please provide a breakdown of your city-wide emissions by sector and sub-sector in the table below. Where emissions data is not available, please use the relevant notation keys to explain the reason why. 
• Column 1: Direct emissions (metric tonnes CO2e). As with all of the questions in this CDP data, row numbers and contents vary by city . Careful attention to correspondences across cities is required 
• Rows 1-31 (IPPU: Industrial Processes and Product Use; AFOLU: Agriculture, Forestry, and Other Land Use) 1. StResBldgPC CO2e: Stationary energy > Residential buildings 2. StComBldgPC CO2e: Stationary energy > Commercial buildings & facilities 3. StInsBldgPC CO2e: Stationary energy > Institutional buildings & facilities 4. StIndBldgPC CO2e: Stationary energy > Industrial buildings & facilities 5. StAgricltPC CO2e: Stationary energy > Agriculture 6. StFugitivPC CO2e: Stationary energy > Fugitive emissions 7. StatTotalPC CO2e: Total Stationary Energy 8. TransOnRdPC CO2e: Transportation > On-road 9. TransRailPC CO2e: Transportation > Rail 10. TransWatrPC CO2e: Transportation > Waterborne navigation 11. TransAviaPC CO2e: Transportation > Aviation 12. TransOffRPC CO2e: Transportation > Off-road 13. TransTotlPC CO2e: Total Transport 14. WasteSlidPC CO2e: Waste > Solid waste disposal 15. WasteBioTPC CO2e: Waste > Biological treatment 16. WasteBurnPC CO2e: Waste > Incineration and open burning 17. WasteWatrPC CO2e: Waste > Wastewater 18. WasteTotlPC CO2e: Total Waste 19. IPPUIndPrPC CO2e: IPPU > Industrial process 20. IPPUProdUPC CO2e: IPPU > Product use 21. IPPUTotalPC CO2e: Total IPPU 



60  © RISE Research Institutes of Sweden 22. AFOLULvStPC CO2e: AFOLU > Livestock 23. AFOLULandPC CO2e: AFOLU > Land use 24. AFOLUOthrPC CO2e: AFOLU > Other AFOLU 25. AFOLUTotlPC CO2e: Total AFOLU 26. GridEOnlyPC CO2e: Generation of grid-supplied energy > Electricity-only generation 27. GridCHPGePC CO2e: Generation of grid-supplied energy > CHP generation 28. GridHotCdPC CO2e: Generation of grid-supplied energy > Heat/cold generation 29. GridLocRePC CO2e: Generation of grid-supplied energy > Local renewable generation 30. GridTotalPC CO2e: Total Generation of grid-supplied energy 31. EmissTotlPC CO2e: Total Emissions (excluding generation of grid-supplied energy) An example of an indicator's data distribution as received: 295 Cities’ metric tonnes CO2 emissions from stationary energy sources: Residential buildings. There are 316 cities in the data file reporting on this item, but 21 of them did not provide their current populations and so cannot be included in the per capita transformation.   Note highly skewed distribution. Mean is about 500,000 metric tonnes with a standard deviation of about 1.5 million metric tonnes and a maximum of over 16 million.   



61  © RISE Research Institutes of Sweden Given inclusion of cities' populations in the CDP data file, the indicator values were transformed into per-capita expressions: 295 Cities’ per-capita metric tonnes CO2 emissions from stationary energy sources: Residential buildings   Cities were then ranked by their per-capita CO2 emissions: Equipercentile groups 295 Cities’ per-capita metric tonnes CO2 emissions from stationary energy sources: Residential buildings    Ranks and percentile categories are assigned in decreasing order, so that highest per capita emission volume is ranked 1 and rated as worst (with the lowest rating, 1), and the lowest per capita emission volume is ranked 295 and rated best (with the highest rating, 6). Per capita proportionality likely does not capture all relevant sources of variation, as smaller cities are inherently less likely to include large industries producing higher emissions. These rankings and ratings could perhaps be improved with the inclusion of additional information.   



62  © RISE Research Institutes of Sweden  Ratings of per capita CO2 emissions from stationary energy sources: Residential buildings   This process was repeated for all 31 rows of Q 4.6a Column 1 data. Other rows (indicators) had somewhat fewer or more than the 295 cities responding to the Row 1 Stationary Emissions Sources: Residential Buildings item. Overall, for the Question 4.6a data, responses were obtained from 350 cities in 53 countries. Cities were distributed across regions as follows: 9 Africa, 13 East Asia, 92 Europe, 109 Latin America. 1 Middle East, 92 North America, 8 South and West Asia, and 26 Southeast Asia and Oceania. A summary of analyses is shown in Table 4. The evidence from the first run suggests that the 6-point rating scale does not sustain distinctions; there is a high density of cities with low emissions, which resulted in multiple identical values all being rated in category 5 (21 %), while categories 1-4 each have 16% and category 6 has 14%. Though this clustering and dispersal was not likely the cause, the category transition thresholds were disordered, with the transition from 4 to 5 positioned lower on the scale than 3 to 4. The PCA of standardized residuals showed more variance explained in first two residual contrasts than was explained by the main effect. Ten of the 15 disattenuated correlations of the item clusters’ implied measurements were low, with values of 0.24-0.78. Finally, the reliability coefficients are lower than expected, given 350 cities and 31 items with 6 categories (Linacre, 1993). Thus, these results suggest need to focus first on a subsample with more complete data, then on a revised rating scale, and finally on the possible multidimensionality indicated by the PCA. In the second run, cities providing at least 12 ratings were included. Threshold ordering was, however, not improved, and the PCA test of unidimensionality and the reliability coefficients were rather unchanged. Therefore, rating categories 2-3-4 were collapsed into one new category, and categories 5-6 were collapsed into another new category, in the third run. This resulted in ordered categories. The PCA variance explained in the first three residual contrasts remained low, with 7 of 15 implied measurements’ disattenuated correlations less than 0.85 (0.21-0.82). Cluster 1 (the IPPU items) is associated with the lower correlations, and clusters 2 and 3 with higher, so an experiment dropping the 9 IPPU items and evaluating the 22 remaining items was included in the fourth run. Despite the item reduction, the PCA of standardized residuals’ main effect still explains only about twice as much variance as the five residual contrasts; on the other hand, only 1 of 15 disatenuated correlations were low (0.80). Further results suggest possible variations in construct definition (DIF, differential item functioning) across countries. Specifically, emissions sources in more and less economically developed countries may be markedly different, which suggests that the measurements mean different things and imply different mitigation strategies. Given the amount of missing data and items not designed to calibrate an interval unit of measurement, exploration of this issue must be postponed. 



63  © RISE Research Institutes of Sweden Table 4. Question 4.6a on the GCoM standard reporting framework’s City-Wide CO2 emissions 
 Run 1: All data Run 2: Restricted data Run 3: Re- categorization Run 4: Further restricted data Items 31 31 31 19 Categories 186 186 93 57 Missing 53% 31% 31% 40% Responses per item (average) 163 97 97 85 Responses per item (range) 68-295 60-127 60-127 60-127 Maximum extreme score items 0 0 0 0 Minimum extreme score items 0 0 0 0 Item calibration separation reliability 0.77 0.60-0.63 0.83 - 0.85 0.91-0.92 Item calibration RMSE, ADJ SD 0.06, 0.12 0.07-0.08, 0.09-0.10 0.18-0.19, 0.42-0.43 0.22-0.23, 0.75-0.76 
     Cities 350 141 141 141 Responses per city (average) 15 21 21 11 Responses per city (range) 1-31 12-31 12-31 3-19 Maximum extreme score cities 3 0 0 0 Minimum extreme score cities 2 0 0 0 Remaining cities 345    Responses per remaining cities (average) 15    Responses per remaining cities (range) 2-31    City measurement separation reliability 0.78-0.81 0.86-0.87 0.84-0.86 0.83 – 0.85 City measurement RMSE, ADJ SD 0.28-0.30, 0.75-0.58 0.17-0.18, 0.44-0.45 0.40-0.43, 0.98-0.99 0.66-0.70, 1.53-1.55    



64  © RISE Research Institutes of Sweden Fourth pass, CDP Cities City Wide Emissions 141 cities originally with at least 12 total responses: 3 categories & 19 indicators; vertical red line indicates mean measurement for 9 cities in Sweden  CO2 Emissions Question 4.6a Sweden’s statistics vs Overall   CO2 Emissions Question 4.6a By Country Comparisons (Sweden: -0.03, SE=0.21)  



65  © RISE Research Institutes of Sweden CO2 Emissions Question 4.6a 11 Cities in Sweden   CO2 Emissions Question 4.6a 9 of 11 Cities in Sweden: Guttman Scalogram    CO2 Emissions Question 4.6a Cities in Sweden: Least consistent responses   



66  © RISE Research Institutes of Sweden CO2 Emissions Question 4.6a Cities in Sweden: Most unexpected responses    Estimating city measures from two subsets of items, taking care to include items from each category in each subscale, with four items in common, substantiates the model fit results.   



67  © RISE Research Institutes of Sweden Conversely, splitting the 131 cities roughly in half also calibrates the same emissions sources scale.       



68  © RISE Research Institutes of Sweden APPENDIX II D CDP Cities Question 4.6b CO2 emissions scopes I, II, and II No cities in Sweden responded to the Question 4.6b items. Please provide a summary of emissions by sector and scope as defined in the Global Protocol for Community Greenhouse Gas Emissions Inventories (GPC) in the table below. 
• Column 1: Emissions (metric tonnes CO2e) 
• Rows 1-17: As with all of the questions in this CDP data, row numbers and contents vary by city. Careful attention to correspondences across cities is required: 1. StEnUseSl Stationary Energy: energy use Scope 1 (I.X.1) 2. StEnUseS2 Stationary Energy: energy use Scope 2 (I.X.2) 3. StEnUseS3 Stationary Energy: energy use Scope 3 (I.X.3) 4. StEnGrdSl Stationary Energy: energy supplied to grid Scope 1 (I.4.4) 5. TransptSl Transportation Scope 1 (II.X.1) 6. TransptS2 Transportation Scope 2 (II.X.2) 7. TransptS3 Transportation Scope 3 (II.X.3) 8. WasteWiSl Waste: waste generated within the city boundary Scope 1 (III.X.1) 9. WasteWiS3 Waste: waste generated within the city boundary Scope 3 (III.X.2) 10. WasteOuS1 Waste: waste generated outside the city boundary Scope 1 (III.X.3) 11. IndustrSl Industrial Processes and Product Use Scope 1 (IV) 12. AgriculSl Agriculture, Forestry and Land Use Scope 1 (V) 13. TotalEmSl TOTAL Scope 1 (Territorial) emissions 14. TotalEmS2 TOTAL Scope 2 emissions 15. TotalEmS3 TOTAL Scope 3 emissions 16. TotalBasi TOTAL BASIC emissions 17. TotalBasP TOTAL BASIC+ emissions There are 70 cities in the data file reporting on this item, but 8 of them did not provide their current populations and so cannot be included in the per capita transformation.   



69  © RISE Research Institutes of Sweden An example of a data distribution as received 62 Cities’ CO2 emissions from Q 4.6b Col 1: Stationary Energy Use Scope 1 (I.X.1)   An example of a data distribution per capita 62 Cities’ CO2 emissions from Q 4.6b Col 1: Stationary Energy Use Scope 1 (I.X.1)     



70  © RISE Research Institutes of Sweden An example of a distribution of rankings based on 62 cities’ per capita CO2 emissions from Q 4.6b Col 1: Stationary Energy Use Scope 1 (I.X.1)  An example of data distribution ratings based on 62 cities’ per capita CO2 emissions from Q 4.6b Col 1: Stationary Energy Use Scope 1 (I.X.1)  This process was repeated for all 17 rows of the Q 4.6b Column 1 data. Other rows (indicators) had somewhat fewer or more than the 62 cities responding to the Row 1 Stationary Energy Use Scope 1 (I.X.1) item. For the Question 4.6b data, responses were obtained from 79 cities in 33 countries. Cities were distributed across regions as follows: 4 Africa, 6 East Asia, 8 Europe, 28 Latin America, 2 Middle East, 21 North America, 1 South and West Asia, and 9 Southeast Asia and Oceania. Table 5 summaries the results of the analyses. The evidence from the first run suggests that the 6-point rating scale does not sustain distinctions; there is a high density of cities with low emissions, which resulted in multiple common values all being rated in category 5 (21 %). The category transition thresholds were 



71  © RISE Research Institutes of Sweden disordered; the transition from category 4 to category 5 is lower than the transition from 3 to 4. In addition, the category 3-4-5 thresholds were spaced tightly together. The PCA of standardized residuals showed more variance explained in the first two residual contrasts than by the main effect, and 2 of the 15 disattenuated correlations of the contrasted item clusters’ measurements were low (0.76 and 0.83). The calibration reliability coefficients are extremely low (0.00), and the disordered threshold results suggest the need to focus first on a revised rating scale. In the second run, categories 2-3-4 were combined, as also were categories 5-6 (this is the same as for Question 4.6a), giving three categories on each item. This resolved the disordered thresholds, and the average measures by category increased as expected. The PCA of the standardized residuals showed as much variance explained in the first four residual contrasts as by the main effect, and two contrasts’ eigenvalues were greater than 2.00, but only 1 of 15 disattenuated correlations was low (0.50). Further efforts at improving the quality of the results are restricted by the limited amount of data. Even when restricting cities and items to more complete sets of responses, and focusing on the well-fitting items, item calibration separation reliability and the PCA do not improve. Table 5. Question 4.6b CO2 emissions scopes I, II, and II  
 Run 1: All data Run 2: Re-categorization Items 17 17 Categories 102 51 Missing 35% 35% Responses per item (average) 52 52 Responses per item (range) 35-66 35-66 Maximum extreme score items 0 0 Minimum extreme score items 0 0 
   Item calibration separation reliability 0.00 0.57-0.61 Item calibration RMSE, ADJ SD 0.11-0.1, 0.00 0.27-0.28, 0.33-0.34 
   Cities 79 79 Responses per city (average) 11 11 Responses per city 1-17 1-17 



72  © RISE Research Institutes of Sweden (range) Maximum extreme score cities 0 2 Minimum extreme score cities 4 4 Remaining cities 75 73 Responses per remaining cities (average) 11 12 Responses per remaining cities (range) 1-17 1-17 City measurement separation reliability 0.79-0.81 0.77-0.80 City measurement RMSE, ADJ SD 0.31-0.32, 0.62-0.63 0.61-0.64, 1.19-1.21 



73  © RISE Research Institutes of Sweden APPENDIX III Sustainability Data Sets Analyzed 2007 to 2021 (CDP Cities excluded)  Construct(s) measured Data Set (Year Obtained / Analyzed) Source Sample sizes Notes Items Persons Adaptive Capacity Targets, methods, etc. Carbon Disclosure Project (2018)  CDP Indicators 3.1acd, 3.2a, and 3.3a  
 Companies  Data extracted, not analyzed Climate Change Risks: Impact Timeframe, Magnitude, Likelihoods, etc.  Carbon Disclosure Project (2018)  CDP Indicator 5.1abc Rating Scales Regulatory, Physical, and Other Climate Change Drivers and Risks by Company  287 items  484 companies  Multiple analyses Climate Change Opportunities: Impact Timeframe, Magnitude, Likelihoods, etc.  Carbon Disclosure Project (2018)  CDP Climate Change Indicators 6.1abc Regulatory, Physical, and Other Opportunities  988 items  983 companies  Multiple analyses; 90% missing data Aggregated values (average & sum) by environmental impact, material group, process step, business unit, sector, country  Kering 2018 Fashion Industry Sustainability (2019-2020)  Clothing production materials and processes https://kering- group.opendatasoft.com/explore/dataset/test/infor mation/   2,892 items   104 countries   Multiple analyses; 119 Winsteps control, data, and output files  Population Health Global Burden of Disease Study 2016 (2020)  Figure 1, pp. 1434-1437, The Lancet, Vol. 390; 16 Sept 2017 37 of 50 health- related UN SDGs  188 countries  Multiple analyses Goldman Sachs Energy Environmental and Social Index Global Compact: Who Cares Wins Financial Sector Initiative (2008) Swiss Federal Dept Foreign Affairs, United Nations, Goldman Sachs, others Figure 3, p. 16  8  25 countries  Four analyses 



74  © RISE Research Institutes of Sweden  Safety, Rule of Law, Human Rights, Economic Opportunity, Poverty, Health, Education  Ibrahim Index African Governance (2009)    84 53 countries, repeated over years; 424 rows data  Similar to UN Millennium Development Goals; %ages converted to ratings; Multiple analyses Personal and Social Well-Being National Accounts of Well-Being (2009) www.nationalaccountsofwellbeing.org, New Economics Foundation, London 21 items 22 countries Multiple analyses  Social Capital Social Capital Community Benchmark Survey (2008)  The Roper Center for Public Opinion Research  62 items  29,235 persons  Single analysis; survey conducted in 2000  Social Capital UN Millennium Development Goals (2008, 2019)  United Nations  22 items  64 countries Multiple analyses; sample selected from larger dataset; see Fisher 2020 in Journal of Applied Measurement  Social Capital UN Sustainable Development Goals (2019)  United Nations   Incomplete, unfinished; %ages converted to ratings  Health 2018, 2019, & 2020 US County Health Rankings (2021)  RW Johnson Foundation  Almost 3,200 US Counties  No analyses  Business Climate World Bank WBES 2000 Business Environment (2010)  World Bank  11 items 33 Countries  Multiple analyses 
 Gari 2017: Analysis of the Global Applicability of Ostrom’s Design Principles…     Multiple analyses ESG ImpactCubedRatings (2019) Table 17 in Impact Cubed White Paper 13 items 25 funds Multiple analyses 



75  © RISE Research Institutes of Sweden  
 Ostrom 2015 (2017) Table 5.2 Design Principles and Institutional Performance 9 items 14 sites Multiple analyses Severity & Frequency of Armed Violence Multiple SDG 16 data sets on armed violence (2018)  Global Burden of Armed Violence, 2007-2012  5 items 188 countries  Multiple analyses Legal, Political, Economic Environment  

 Freedom of the Press, 2010, 2012, 2014, 2016  3 items 196 countries  Multiple analyses Violence against children  Violent Discipline 1 item 78 countries Multiple analyses Corruption   13 items 139 countries Multiple analyses  ESG  USA SDGs (2019)  15 SDG Goals & 103 SDG Targets  50 US States  Multiple analyses Access, Quality, Emissions, Recyclability Serafeim & Trinh (2020) A Framework for Product Impact-Weighted Accounts (https://ssrn.com/abstract=3532472)  6 items 18 automobile companies Two analyses; rescored from 100ths of a % 
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