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Abstract

:

The Paris Climate Agreement (PA) provides an overall target which limits global warming to “well below 2 °C above pre-industrial levels” and “pursuing efforts to limit the temperature increase to 1.5 °C above pre-industrial levels” (Art. 2 para. 1 PA). This article assesses the extent to which new insights can be derived from recent IPCC reports for the interpretation of Art. 2 para. 1 PA from a legal perspective. To this end, the article analyses the contributions of Working Groups I and III of the sixth assessment report. Methodologically, we compare the findings with previously published IPCC reports, namely the 1.5 °C report and the fifth assessment report. A legal interpretation of the Paris Agreement and of core concepts of human rights follows. Several empirical indications show that current global greenhouse gas budget calculations are quite generous. We provide five empirical arguments that clearly point in that direction. These empirical arguments, combined with legal arguments, demonstrate that the budgets must be smaller than those estimated by the IPCC. The legal arguments are based on Art. 2 of the Paris Agreement, as well as on human rights and the precautionary principle. These norms contain an obligation to minimise the risk of significant damage, i.e., to take rapid and drastic climate protection measures. This implies: 1.5 °C is the legally binding temperature target; adherence requires a very high probability of achieving the target; temperature overshoot and geoengineering tend to be prohibited, and budget calculations must be based on sceptical factual assumptions. These findings have also been confirmed by recent rulings of supreme courts, such as the ground-breaking climate decision of the German Federal Constitutional Court. The Paris Agreement and human rights underline a legally binding obligation for smaller global greenhouse gas budgets as those estimated in the greenhouse gas budgets of the IPCC—even compared to the 83 percent scenario in the latest assessment. Thus, climate policy will have to raise its ambitions towards zero fossil fuels and a drastic reduction of livestock farming in times of the Ukraine war.
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1. Introduction


In December 2015, nations worldwide agreed on a new global climate treaty. The Paris Agreement (PA) was generally met with great enthusiasm, especially since successful negotiations were not expected. However, just over six years after its adoption, many questions remain unanswered, most notably how effective the Agreement is and will be. The PA commits Parties to take ambitious action to halt climate change (mitigation), adapt to the consequences of unavoidable climate change (adaptation), and provide financial assistance to countries harmed by climate change (loss and damage). The PA provides an overall target which limits global warming to “well below 2 °C above pre-industrial levels” and “pursuing efforts to limit the temperature increase to 1.5 °C above pre-industrial levels” (Art. 2 para. 1 PA; on nature and history of climate targets [1,2]). Further, Art. 4 para. 1 PA requires “In order to achieve the long-term temperature goal set out in Article 2, Parties aim to reach global peaking of greenhouse gas emissions as soon as possible…, so as to achieve a balance between anthropogenic emissions by sources and removals by sinks of greenhouse gases in the second half of this century.”



In line with the adoption of the Paris Agreement (2015), in 2018, the Conference of Parties to the United Nations Framework Convention on Climate Change (UNFCCC) decided to invite the Intergovernmental Panel on Climate Change (IPCC) to prepare a special report on the impacts of a 1.5 °C increase in global temperature above the pre-industrial levels. The IPCC accepted this invitation and prepared a corresponding report. The Special Report (SR15) provides different scenarios and pathways to reduce global greenhouse gas (GHG) emissions, while promoting sustainable development [3]. While the IPCC had only a limited number of studies for its previously published Fifth Assessment Report (AR5) that addressed scenarios for limiting global temperature rise to 1.5 °C or below by 2100 [4,5] (p. 16), it was clear that achieving this target was entirely possible but would require massive efforts to reduce global emissions. In 2022, the IPCC published its sixth assessment report (AR6), including the contributions of Working Group I (WGI) and WG III that contribute to the question of the remaining greenhouse gas budgets, too.



Before this background, this article aims to assess the extent to which new insights can be derived from SR15 and WGI and WG III of AR6 for the interpretation of Art. 2 para. 1 PA from a legal perspective. To this end, findings from these reports will frequently be compared with AR5. Furthermore, building on our previous considerations, we analyse Art. 2 para. 1 PA and underlying human rights issues in more detail. This includes the question of whether the IPCC (legally speaking), when calculating its greenhouse gas budget, adopts a correct understanding of the norm [6,7]. This is highly relevant as courts in various countries have started dealing with Art. 2 PA. Our thesis is that the IPCC budget must be substantially smaller if the legal perspective is considered—and, consequently, climate policy will have to raise its ambitions even more than usually called for.




2. Materials and Methods: Budgets, Reduction Pathways, Scenarios—Zero Emissions until When?


Methodologically, this article provides a legal interpretation of the Paris Agreement. As a basis, we analysed estimates from natural sciences of the emission reduction implications of the targets of the Paris Agreement. Legal norms are interpreted grammatically, systematically, teleologically, and historically. This meant according to their literal meaning, their relation to other legal norms, their purpose, and their evolution. Usually, grammatical and systematic interpretation is applied since the other two approaches are prone to several problems. In the Anglo-Saxon legal sphere, case law would also serve as a source of interpretation. This is different to the continental legal sphere we are based in. Therefore, court verdicts function only as illustration of the practical relevance of our arguments derived from the wording and system of the Paris Agreement. A (very long and) detailed analysis of all court rulings on climate change, the 1.5 °C target and human rights is presented elsewhere [8]. Regarding the empirical data, we provide a text analysis of the recent IPCC reports AR5, AR6, and SR1.5 and discuss the estimated global carbon budgets. We compare the estimates of WGI und WGIII (WGII does not calculate a budget). Importantly, the IPCC is not a research institution but a UN platform. The IPCC does not do research but summarises research findings from primarily natural science (and economic) research.



Nota bene: Regarding the epistemological background, legal interpretation is—like ethics—normative science, not empirical science; law and ethics make statements of ought rather than statements of being. Therefore, legal interpretation does not require collecting data and facts, i.e., legal interpretation is not a case study as a case study empirically describes a process (see in detail [9,10,11]—also on the criticism of empiricism in epistemology that, since the 17th century, sometimes suggests that science can only deal with facts, not with norms).



Article 2 para. 1 PA enshrines the legal obligation to limit global warming to well below 2 °C and to make efforts to achieve 1.5 °C. However, what does keeping global warming below 1.5 °C exactly mean? The answer to this question depends in part on the difficult empirical question of humanity’s remaining time to reduce its emissions to stay within the temperature limits and achieve the 1.5 °C within the next few decades (for the weaknesses of projections, see [12]; see also [13,14]). SR15 underscores the long-term climate goal from Article 2 par. 1 PA: The transformations needed to limit warming to 1.5 °C are more pronounced and much faster than those for the 2 °C limit. SR15 and WGI of AR6 show that human activities have caused a 1.0 °C, respectively, 1.09 °C increase in global temperature above pre-industrial levels [15] (pp. 2–39). According to SR15, if global warming continues at the current rate, a temperature increase of 1.5 °C is likely to be reached between 2030 and 2052 [16] (p. 4). The assessment of WGI of AR6 finds that even under the lowest GHG emissions scenario 1.5 °C warming is reached more likely than not [15] (pp. 4–37). The projections presented by WGIII are mostly consistent with the observed overall increase in global surface temperature from WGI of AR6. The largest contributor to historical human-induced warming is CO2, with historical cumulative CO2 emissions from 1850 to 2019 being 2400 ± 240 GtCO2 [17] (SPM-28).



In its reports, the IPCC compiles data from a wide range of climate research including on the effects of emissions, global warming, and the potential consequences of climate change. In doing so, projections are provided. These projections have no normative force but deal with the empirical world [5]. All climate scenarios face several variables whose trends and interactions are unknown but still have major implications for the results [18]. In addition, multiple empirical assumptions feed into each scenario, which highlights the uncertainty of climate projections. The climate system is a complex and highly volatile system in which a variety of factors respond to different changes [7,19,20]. As a result, reliable long-term forecasts are almost impossible and traceable scenarios can be created for a few decades only [21,22,23,24]. Consequently, in the scientific literature, remaining emission budgets range from zero to figures larger than those of the IPCC (see below).



Analysing all different models, as done in the IPCC reports, helps to react to this phenomenon [25,26,27]. However, since these models are highly complex and based on many assumptions, comparing all the details is beyond the scope of a primarily legal analysis. Nevertheless, we provide a general overview [28,29] as a basis for discussing legal issues and challenges regarding the underlying empirical data in the following two chapters.



There are two general types of models which estimate the future development of climate change and its consequences for society (on details and challenges see [7]): (1) integrated assessment models (IAM), which exponentiate GHG emissions while attempting to capture economic and industrial developments, and (2) earth system models (ESM), which simulate the complex carbon cycle [29,30]. All models suffer from uncertainties due to feedbacks and physical processes associated with global warming which are not fully understood and therefore, not adequately accounted for. This includes water vapor, lapse rates, clouds, snow, and ice. In addition, natural cycles, such as the carbon cycle, cannot yet be fully anticipated, e.g., sink and source developments and capacities (this applies to both the Earth and the oceans) [31,32]. Besides, there are three types of emission budget calculations. First, budgets (calculated based on the models) that include only CO2-induced warming, which is subtracted from the climate response to cumulative CO2 emissions [33,34]. However, the application of this budget is limited since other GHGs cannot be included (attempts to build models for the N cycle, for example, have failed because of its complexity [34]). Second, threshold exceedance budgets aim to determine how much CO2 may be cumulatively emitted to reach a given temperature target. In this budget, other GHG sources can be included. The problem is that delayed climate responses are not accounted for. Third, threshold abatement budgets estimate, with a given probability, the remaining emissions budget to stay below a temperature target either within a specific time frame or until maximum warming (for the interplay of the various factors, see e.g., [19,35,36,37,38]; on net zero see [39]).



It is important to note that the Working Groups of the IPCC base their scenarios on different assumptions. In AR5, Working Groups I and III use different ways of calculating the carbon budget. WGI calculated carbon budgets from 2011 for different levels of warming relative to the 1861–1880 period using “Representative Concentration Pathways”. WGIII estimated its budgets from a set of available pathways that have a greater than 50 percent probability of exceeding 1.5 °C by mid-century and greater than 66 percent probability of returning to 1.5 °C or below in 2100. SR15 adopts these differences in further basic assumptions of the Working Groups. This includes the observed time periods, sets of multi-gas and aerosol emission scenarios, and concepts of carbon budgets. WGI of AR6 largely adopts the approach of previous IPCC assessments [15] (pp. TS-63 and 1–102). To be consistent with WGI, WGIII of AR6 reports historical cumulative CO2 emissions from 1850-2019 with a confidence interval of 68 percent [17] (SPM-5). Still, GHG emissions by 2030 for pathways that limit global warming to 1.5 °C are higher in absolute terms in WGIII of AR6 than in SR1.5 [17] (SPM-21). According to WGIII of AR6, pathways that limit warming to 1.5 °C with 50 percent probability, with no or limited overshoot, are associated with net cumulative CO2 emissions to net-zero CO2 of 510 GtCO2 [17] (SPM-31), while WGI of AR6 assumes 500 GtCO2 for 50 percent probability [15] (SPM-38). WGIII of AR6, in general, not only seems to be more optimistic than WGI of AR6, but also compared to SR1.5 and WGIII of AR5: WGIII of AR6 indicates a larger remaining CO2 budget than SR1.5, which estimates the remaining carbon budget at 580 GtCO2 at a probability of 50 percent, but only 420 GtCO2 at a probability of 66 percent [16] (p. 96). WGIII of AR5 assumes that only concentrations of 480–530 ppm CO2eq have a probability of greater than 66 percent to keep the temperature rise below 2 °C [5] (p. 441) while WGIII of AR6 estimates pathways that limit warming to 2 °C with a probability of 67 percent at 890 GtCO2 [17] (SPM-31). This could be due to, among other things, the use of different base years. While AR5 refers to 1750 as the reference year, AR6 uses 1850 as the starting point, which neglects emissions in the first century of industrialisation [17] (SPM-5) [40] (p. 44). In addition, methodical developments as well as different attitudes of the Working Groups regarding the permissibility of an overshoot lead to different remaining CO2 budgets.



Therefore, it is challenging to compare the calculated carbon budgets across Working Groups [16] (pp. 66, 99, 104) [41,42,43,44]. Furthermore, WGII does not calculate an own budget but accepts an overshoot [45] (SPM-19, -25, -31, TS-44, -60, -69, pp. 136–137). Apart from that, the findings of WGII on the impacts of climate change serve as a basis for the IPCC’s recommendation to drastically reduce greenhouse gas emissions.



Interestingly, WGI of AR6 includes calculations with an 83 percent probability of achieving a temperature target. The remaining budget for 1.5 °C is at 300 GtCO2 (starting from 1/1/2020) and the budget for 2 °C is at 900 GtCO2 [15] (TS-63). Outside the IPCC, according to recent reviews, the estimated carbon budget for 1.5 °C ranges from below zero to more than 1000 Gt CO2 as of 2018, and for 2 °C from less than 800 Gt CO2 to nearly 2000 Gt CO2 [20,46,47]. This is since different baselines are used, and different factors and variables included [48]. Ultimately, the large variability of the CO2 budgets also raises the question of the consequences for policy makers and mitigation and adaptation measures [46].



The remaining budgets partly contradict (not only with estimated annual emissions of other studies but also) with calculated emissions of the reports themselves. As seen above, SR15 assumes a remaining CO2 budget of 420 GtCO2 from 2018 until the time of net zero global emissions. WGI of AR6 sets the remaining CO2 budget consistent with limiting global warming to 1.5 °C with 67 percent probability at approximately 400 GtCO2. This implies a difference of 20 GtCO2 for two years, which corresponds to only 20 GtCO2 emissions from 2018 to 2020 [15] (TS-61,16, p. 96). However, for 2019, one study estimates that total anthropogenic emissions were at approximately of 42 GtCO2 [49] while WGIII of AR6 calculates global net anthropogenic GHG emissions for 2019 at 59 GtCO2-eq, 54 percent higher than in 1990 [17] (SPM-4). Furthermore, according to WGIII of AR6, the annual average in the decade 2010–2019 was 56 GtCO2-eq. This is the highest increase in average decadal emissions since records began [17] (SPM-4). Above all, considering the annual anthropogenic CO2 emissions, very (!) little time remains to stay within 1.5 °C warming and to make the transitions needed.



Furthermore, when calculating the emission reductions as required by Art. 2 para. 1 PA, it is crucial whether emissions will be reduced immediately or whether they will continue to rise for a few more years and be reduced thereafter [15] (pp. 4–80) [24,39,50,51]. As mentioned earlier, the (non-) integration of overshoots plays another important role. WGI of AR6 estimates that even the very low GHG emissions scenario includes a temperature overshoot of “no more than 0.1 °C above 1.5 °C global warming” [15] (TS-28), while WGIII allows and overshoots of 0.15–0.3 °C and returning to 1.5 °C by 2100 with a probability of at least 50 percent [17] (SPM-17). Likewise, most of the SR15 scenarios assume that the temperature limit will be exceeded to about 1.8 °C first before reducing the temperature to 1.5 °C by the end of the century through negative emissions. This adds 400 to 1600 GtCO2 to the carbon budget, equivalent to 10 to 40 years of current emission levels [16] (pp. 107, 122, 185, 221–227). In general, WGIII seems to calculate the overshoot more generously [17] (SPM-18). However, temperature overshoots are likely to induce substantial and irreversible risks like a non-recovery of arctic sea ice and stark additional sea level rises [52,53]. In any case, calculations with or without emissions overshoot compared to the 1.5 °C limit contribute to the variation of remaining carbon budgets [7,54,55] (for a set of scenarios beyond 2100 see also [43].



The accumulation of short-lived aerosols (pollutant particles) in the atmosphere adds further uncertainties. Short-lived aerosols delay climate impacts of anthropogenic GHG emissions (albedo effect). Methane, which has a very high climate impact, can be removed from the atmosphere comparatively quickly. Many human-made CO2 emission sources also produce aerosols that have a net cooling effect due to the presence of sulfate and nitrate aerosols. Therefore, reducing CO2 sources could reduce (these) aerosols, resulting in short-term warming but long-term cooling [15] (pp. 3–19ff) [28,31,35,56,57]. The storage capacity of the oceans for CO2 and heat also affects the projections; the colder they are, the higher their storage capacity for GHG emissions, yet climate change induced storms are likely to increase the release of CO2 [58,59,60].



In addition, there are societal developments that make detailed predictions extremely difficult. Gross national product, population development [61] (detailed on regional scenarios also [62]), economic growth, digitalisation, international trade, globalisation, and automation are complex variables that lead to a range in the projections [6,7,12,61,63,64,65].



Consequently, there are divergent scientific statements for translating the budgets into years and reduction pathways [66]. This problem is also evident in the AR5. The report is based on different reduction pathways, but only a few of them envisage a 1.5 °C compliant reduction in the next 50 years. Most pathways envision a much longer period to reduce GHGs and achieve the 1.5 °C, in some cases as far out as 2125 [66,67,68]. Thus, many reduction and transformation pathways for the 1.5 °C target, especially in the energy sector, are similar in many sub-sectors to the 2 °C compliant scenarios but envisage a faster increase in adaptation actions [66,69,70]. As discussed elsewhere, the critical literature on AR 5 shows that when adopting a linear reduction pathway to achieve 1.5 °C, global zero emissions must be achieved by the mid-2030s. This discussion arrives at this result without even considering our arguments for smaller budgets than those estimated by the IPCC (see below) [2].



The budget of the German Advisory Council on the Environment (Sachverständigenrat für Umweltfragen/SRU) is an example of IPCC-based budgets understood in different ways. In line with the wording “well below 2 degrees”, the SRU adopts a temperature limit of 1.75 °C. For the temperature increase to not exceed 1.75 °C with a probability of 67 percent, no more than 800 gigatons CO2 are to be emitted from the year 2018. This value is considered an ‘absolute upper limit’ derived from the targets of the Paris Agreement. The SRU at the same time admits that the actual budget available could be smaller due to uncertainties in the calculation [71,72]. When transformed into a German national budget, the SRU budget is normatively oriented to equal per capita emissions for 67 percent probability. However, this does not consider offsetting historical emissions or issues of national performance (the IPCC does not address these normative issues, nor national remaining budgets in general).




3. Results: Empirically and Legally


3.1. Empirical Basis of Legal Analysis: Challenges in the Data—Time Period, Probability, Gases, Climate Sensitivity, Overshoot


As regards the implementation of Art. 2 PA and its temperature limit, there is balancing leeway for policy makers where natural scientific research meets uncertainty [9,73,74,75]. Budgets to stay within 1.5 °C global warming provide an estimate of the evolution of global climate under certain forcings but are no concrete calculations in a strict sense [6,7,76]. Art. 2 para. 1 PA stipulates that the consequences of global warming of 1.5 °C—or at most “well below 2 degrees”—is the limit of normatively acceptable adverse impacts on ecosystems and livelihoods. This target is measured against the IPCC’s climate projections [34]. The 1.5 °C target calls for neutralising remaining GHG emissions, i.e., “a balance between anthropogenic emissions of GHGs by sources and removals by sinks” should be achieved in the second half of this century (Art. 4 para. 1 PA) (for an interpretation of “balance”, see [77]; for an interpretation of Art. 2 and 4 PA see [6,78]). To get to net-zero emissions, it is necessary to, on the one hand, effectively minimise GHG emissions as much and as soon as possible. On the other hand, remaining GHG emissions, which cannot be mitigated to zero (even with a reduction of fossil energy sources down to zero and a drastically reduced livestock farming) must be compensated [7,9,79].



However, we argue that several empirical indications show that current calculations and budgets are quite generous. Below we provide five arguments that clearly point in that direction. Together with a couple of normative arguments that are developed in Chapter 4, this shows that budgets must be even smaller than in AR 6 (and even AR 5). Projections or forecasts must therefore be based on scenarios with smaller budgets.



	
Firstly, not all budgets include non-carbon-dioxide emissions (see above). The inclusion of non-CO2 emissions in the scenario calculations has different implications, since they have individual global warming potentials (GWP; lifetime in the atmosphere and radiative efficiency). For example, a possible additional release of carbon could emerge be due to thawing of permafrost soils and consequently further reduce the remaining carbon budget [7,16] (p. 12); (for permafrost-carbon feedback on global warming see also [80,81]). Where scenarios in SR15 include non-CO2 emissions, they cover all anthropogenic emissions except those that result in radiative forcing. Non-CO2 scenarios include short-lived climate warmers such as methane (CH4), some fluorinated gases, ozone (O3) precursors, aerosols, or aerosol precursors, such as black carbon and sulfur dioxide, and long-lived GHGs, such as nitrous oxide (N2O), or other fluorinated gases [16] (p. 555). However, these variables are very complex and changes of their amount lead to changes in the overall calculation. Therefore, current scenarios make use of a fixed level of non-CO2 emissions. This led recent studies to suggest that the influence of non-CO2 emissions on the projections is currently underestimated [33,35,56,82]. However, since these GHGs do not remain in the atmosphere as long as carbon dioxide for example, they cannot be neglected when calculating the remaining budget [83,84,85].



	
Secondly, the budget calculations are also strongly influenced by the choice of the base year. In setting the base year of the “pre-industrial level” (Art. 2 para. 1 PA) quite late, namely when climate change has already started, calculations become very liberal [6,86,87]. This not only leads to an underestimation of human-made global warming (IPCC data are also compiled at [48]) but also neglects the fact that—despite the lack of concrete records—there has been human-induced warming even before that time. In general, a uniform baseline is needed to be able to perform consistent calculations. The question of what the term “pre-industrial” means leads to the question of when exactly industrialisation, respectively the increase of emissions started. Although the IPCC mentions 1750 as the starting point of the industrial revolution and uses it in part as a basis year or starting point of the observed period in WG III of AR5 [5] (pp. 7, 45) [30] (pp. 11–13, 50, 56) [88], the Special Report from 2018 uses the reference period 1850–1900 without stating an exact reference year [16] (e.g., pp. 58, 81). Likewise, WG I of AR6 adopts 1850–1900 as baseline [15] (SPM-5) while also stating that since 1750, climate changing drivers have been dominated by human activities [ibid, p. TS-35]. It is reasonable to assume that in most cases 1850 is taken as the reference year since record-keeping of temperature started then. However, reliable data are limited to the Northern Hemisphere [5,30]. The increase of carbon dioxide before 1850 is estimated for a temperature rise of 0.1 to 0.2 °C Celsius [89]. “Pre-industrial level” from the legally binding Art. 2 PA points obviously and almost compellingly to 1750 as the base year because this is when the industrial revolution began in Western countries—rather than the very vague period between 1850 and 1900 [6].



	
Thirdly, existing calculations seem quite liberal if compared with other assumptions on climate sensitivity. Equilibrium climate sensitivity (ECS) [83] indicates the temperature increase when CO2 equivalents in the atmosphere double. Therefore, it is an important reference for climate modelling and ultimately for determining the temperature limit of Art. 2 para. 1 PA [30]. WG I of AR5 adopts an ECS in the range of 1.5–4.5 °C, based on an analysis of energy budget changes over the historical period [90]. WGI of AR6 adopts an ECS in the range of 2.5–4 °C with a best estimate of 3 °C [15] (pp. 7–111). However, recent studies suggest that the lower bound of the ECS could be revised upward [91,92], which would reduce the chances of limiting warming below 1.5 °C [91,93,94,95,96]. For example, paleoclimatic research shows that climate sensitivity changes with the state of the climate. During warm periods, the ECS is significantly higher; 4.88 °C according to the calculations of [92] which is well above the IPCC ranges. Furthermore, WGI of AR6 presents estimations for additional human-induced warming, expressed as global surface temperature from 2010–2019 which is likely to be 0.8–1.3 °C, with a best estimate of 1.07 °C relative to 1850–1900. Historical CO2 emissions between 1850 and 2014 were estimated to be around 2180 ± 24 GtCO2, while an additional 210 GtCO2 were emitted from 2015 until the end of 2019. However, different factors contribute to the estimations varying by ±220 GtCO2 depending on the level of non-CO2 emissions at the time when global anthropogenic CO2 emissions reach net zero. Geophysical uncertainties in the climate response to these non-CO2 emissions add at least ±220 GtCO2 of uncertainty, and uncertainties in the level of historical warming may add ±550 GtCO2 [15] (TS-63).



	
Fourthly, global carbon budget calculations accept a high probability of missing the temperature limit. While the IPCC assumed a probability of success of 50 or 55 percent in WG III of AR5, it has increased to up to 67 percent in SR15 [16] (pp. 100, 207). WGI of AR6 supplements its assessment with a 17 percent probability at the lower and an 83 percent probability at the upper end of its estimates [15] (TS-63). But even this increase is still not the same as the clear obligation towards the target of the Paris Agreement especially since the IPCC’s underlying assumptions also tend to be generous as seen [7,20]. Rather, net-zero emissions must be achieved promptly in no more than two decades to drastically reduce the risk of reaching critical tipping points such as further melting of the Greenland or West Antarctic ice sheets and coral bleaching [6,7,51,97].



	
Fifthly, SR15 creates several pathways toward 1.5 °C warming where global emissions peak within the next decade [16] (pp. 32, 56, 126) [20,62,90,98,99,100,101]. For this purpose, the report increasingly relies on carbon dioxide removal methods, very often taking an overshoot into account as seen in bioenergy with carbon capture and storage and afforestation and reforestation [16] (pp. 118–123) despite stating that compensating an overshoot and “CDR deployed at scale (are) unproven, and reliance on such technology is a major risk in the ability to limit warming to 1.5 °C” [ibid p. 96]. In principle, WGIII of AR6 is open to the use of CDR. For pathways that aim to limit temperature rise to 1.5 °C, total cumulative net negative emissions, including the use of CDR, amount to 20–660 GtCO2 [17] (SPM-33, SPM-53). According to WGIII of AR6, pathways aiming to limit global warming to 1.5 °C require a certain level of CDR to offset remaining emissions, even if substantial direct emission reductions are achieved in all sectors and regions [17] (SPM-53). Using afforestation and reforestation is largely supported and appreciated in science and politics as a key component of climate protection strategies. However, there is strong criticism that even large-scale reforestation projects can only sequester a portion of annual emissions and that the potentials of forests are overestimated [24,102,103,104,105], (see for critiques on CDR methods [106,107,108,109,110]). Using bioenergy with carbon capture and storage is even more contested, also due to the ambivalent character of bioenergy for various environmental challenges [111,112]. Indeed, the IPCC sees limits to using bioenergy with carbon capture and storage due to energy, water, and nutrient requirements, as well as limited available safe disposal options and competing policy goals such as food security; nevertheless, the IPCC projects increased deployment of bioenergy with carbon capture and storage in the second half of the century, highlighting the potential of bioenergy deployment in several areas of the energy sector in integrated assessment models, including electricity generation, liquid fuels, biogas, and hydrogen [16] (pp. 122–124). However, studies criticise the energy required for biomass production and the loss of efficiency due to CO2 capture [113,114]. Furthermore, various ambivalences regarding other environmental challenges such as biodiversity loss as well as threats to food security must be considered [39,67,111,112]. Besides, the impact of climate change on the potential of bioenergy and renewable energy, such as hydropower generation, wind, and solar power generation need to be considered [115,116]. At last, many models relying on CDR have limited applicability and are unable to calculate pathways to meet the nationally determined contributions (NDCs) by 2030 and bring global warming below 1.5 °C by 2100 [79,117]. Another method to reduce carbon dioxide is through large-scale geoengineering such as solar radiation modification (SRM). SRM aims to alter Earth’s radiative budget to limit global warming [15] (pp. 5–99). WGI of AR6 discusses different technical large-scale interventions like SRM across multiple chapters (Chapters 4 and 5). However, the IPCC excludes SRM from its mitigation and adaptation definitions [15 Annex VII] and states that “SRM contrasts with climate mitigation because it introduces a ‘mask’ to the climate change problem by altering the Earth’s radiation budget, rather than attempting to address the root cause of the problem, which is the increase in GHGs in the atmosphere” [7] [15] (p. 4–79) [118]. Nevertheless, the other challenges of negative emission approaches discussed in the present bullet point cannot be ruled out.







3.2. Legal Arguments for a Smaller Global GHG Budget


The critical empirical points above strongly suggest that a clearly smaller budget requiring decarbonisation within a few years is consistent with the 1.5 °C limit. This favours a more ambitious interpretation of Art. 2 PA and allows for further legal justifications. On this basis, there are several legal (i.e., normative) aspects that further underline the obligation to minimise the risk of significant damage, i.e., to take rapid and drastic climate protection measures and base climate policy on smaller global budgets than AR 6 (and even AR 5), as we will show in the following. The legal arguments are based on the Paris Agreement on the one hand, and on human rights and the precautionary principle on the other hand.



The basic target commitment of the Paris Agreement and the system of nationally chosen reduction targets based on this target commitment are legally binding. Art. 2, 3, 4 PA provide corresponding arguments. The wording and evolution, i.e., the negotiation process, of the Paris Agreement suggest that 1.5 °C are to be achieved, unless already impossible. Furthermore, it is undisputed that the Agreement, as such, is constructed as a binding international treaty [119]. The wording of Art. 2–4 PA specifically does not provide arguments for that it is not meant to be binding [4,6,120,121]. While modal verbs such as “will” or “aim” can be interpreted as non-binding, the words “are to” and “shall”, as used in Art. 3, 4 PA clearly indicate the legally binding nature (as in [119]). This was acknowledged by the German Federal Constitutional Court in 2021 in its landmark ruling on climate law and human rights. This alone is referred to and relevant for this paper. Legally binding force must not be confused with enforceability. Here, we will not discuss the complicated question of which national, EU, or international law court decides on Paris Agreement obligations (for example, Art. 2 PA plays a role in the successful climate lawsuit before the German Federal Constitutional Court; for background [9]).



Based on the arguments of the legally binding character of Art. 2 PA, it is not enough to limit global warming to “well below 2 degrees”. If well below 2 °C was sufficient, the wording “pursuing efforts” would not make any sense. Consequently, governments cannot accept staying within 1.7 to 1.8 °C. Rather, real and serious efforts must be undertaken to reach 1.5 °C. To this end, more emissions than necessary to stay within 1.7 or 1.8 °C must be reduced. According to SR15, the 1.5 °C goal is feasible and will have greater benefits than the “well below 2 degrees” target [16] (pp. 41, 255).



Furthermore, Art. 2 para. 1 PA is the overarching target norm of the Paris Agreement and prevails over Art. 4 para. 1 PA. We have presented various arguments on this point in an earlier article [6]: Firstly, while Art. 2 PA defines the core objective of the Agreement, Art. 4 PA is dedicated to concrete strategies for its implementation in a subordinate manner [4,6]. Consequently, Art. 4 para. 1 PA contains the idea of what Parties recognise as necessary to achieve the temperature target of Art. 2 para. 1 lit. a PA [1]. This interpretation is secondly confirmed in Art. 3 PA, which—similar to Art. 4 para. 1 PA—explicitly refers to Art. 2 para. 1 PA and aims to achieve the target described there. Thirdly, results of a historical interpretation (referring to the genesis of the norm) show that Art. 4 para. 1 PA, norm-historically and according to its purpose, is primarily addressed at developing and newly industrialising countries, i.e., primarily to a certain group of states [2]. This circle of addressees further supports the prevalence of Art. 2 para 1 PA. Therefore, only developing countries and explicitly not industrialised countries are granted a longer period of time to achieve the temperature target from Art. 2 para. 1 PA. Consequently, it is questionable if there is a contradiction between Art. 2 para. 1 PA and Art. 4 para. 1 PA for industrialised countries at all [2,4,6]. Fourthly, the hierarchy of norms provides further arguments. If the normative relationship is interpreted in favour of Art. 4 para. 1 PA, Art. 2 para. 1 PA would always be violated [6], since the time period for achieving emission reductions in Art. 4 para. 1 PA is much greater than in Art. 2 para. 1 PA. If, however, the normative relationship was interpreted in favour of Art. 2 para. 1 PA, Art. 4 para. 1 PA would not be violated, since Art. 4 PA does not contain any prohibition to achieve the temperature target faster than prescribed [2,4,6]. Fifthly, Art. 2 PA concretises the UNFCCC. Art. 2 para. 1 PA represents the overarching target of an international climate law to mitigate the negative human influence on climate change. Thus, Art. 2 para. 1 PA also has the task to create a preventive effect, which, however, can only be achieved if it has priority over Art. 4 para. 1 PA [6]. Before this background, it is quite remarkable that the court rulings briefly mentioned above did not deal with the relation between Art. 2 and Art. 4 PA.



Having said all this, Art. 2 para. 1 PA also clearly speaks in favour of high probabilities, no overshoot, and a focus on zero fossil fuels, drastically reduced livestock farming and well-approved negative emission options such as forest and peatland management (before risky large-scale options such as solar radiation management). This is since Art. 2 para. 1 PA is legally binding and does not provide any option for missing and later meeting the target. Using uncertain probabilities to meet the target violates Art. 2 para. 1 PA. The legally binding character, the character as 1.5 °C (not 2 °C) target, and the criticism of geoengineering and overshoot in general was also acknowledged by the German Federal Constitutional Court as well as in rulings in The Hague against Shell [122] and the Netherlands [123], and a ruling in France [124]. Furthermore, as mentioned earlier, “pre-industrial level” from the legally binding Art. 2 PA points obviously and almost compellingly to 1750 as the base year because this is when the industrial revolution began in Western countries—rather than the very vague period between 1850 and 1900 [6].



A further argument for all these interpretations of Art. 2 para. 1 PA (regarding its legally binding character, focus on 1.5 °C, probabilities, no overshoot, and a focus on well-approved options regarding negative emissions) can be found in Art. 4 para. 3 PA. In order to achieve the long-term temperature target, set out in Art. 2 para. 1 PA, Art. 3 PA establishes an important mechanism, which has been the subject of lengthy negotiations. The NDCs of the Parties are a core element of the Paris Agreement. Compared to the pretty clear substantive standard in Art. 2 para. 1 PA, the wording of Art. 4 PA is sometimes very imprecise. On the one hand, this enables a differentiation between developing and industrialised countries. In doing so, Art. 4 PA strengthens the idea that developed countries should take a leading role in fighting climate change and recognises that developing countries need more time to reach the temperature target. Art. 4 PA also encourages many countries to join the Agreement. On the other hand, imprecise formulations—especially regarding the voluntarily defined contributions—enable wide interpretations by the Parties to the Agreement. This bears the danger that the Parties to the Agreement will only do as much as is necessary and that, as a result, an “equitable distribution of effort” [125] will not be achieved. Still, Art. 4 para. 3 PA contains a further requirement for the NDCs, i.e., a “non-regression clause”, which requires that all future contributions submitted by the Parties have to represent progress or an “increase” compared to the previous contribution [126]. However, there are no further details to the “progression requirement” [127] so that even a minimal increase would fulfil the requirements of Art. 4 para. 3 PA [4]. In addition, the treaty text uses the word “will” which is less precise than “shall”—also regarding the obligatory character (see above). This not only increases the scope for interpretation but also for decision-making by the Parties to the Agreement. Finally, the question arises to what extent Art. 4 para. 3 PA is legally binding [127]. The progression requirement established in Art. 4 para. 3 PA is also significant for subsequent articles of the Agreement. For example, given the insufficient collective ambition in the first round of NDCs, the Paris Agreement requires Parties to submit revised, more ambitious NDCs every five years (Art. 4 para. 3 in connection with Art. 4 para. 9 PA) [128]. Art. 14 PA also establishes the idea of a (joint) progress of all countries—together with national responsibilities, capabilities and circumstances—as a central aspect in the global stocktaking to evaluate the results achieved so far to achieve the temperature target from Art. 2 para. 1 PA [125]. In addition, Art. 4 para. 3 PA establishes targets through normative due diligence obligations; each Party “shall reflect its highest possible ambition” to achieve the long-term temperature target by its NDC. Furthermore, Art. 4 para. 3 PA emphasises that while national efforts and measures serve a common goal, the different national circumstances of the Parties must always be considered. Consequently, Art. 4 para. 3 PA establishes a duty of care or a certain standard of conduct for each Party and considers common responsibilities but also national circumstances and capabilities to achieve the highest possible goal [121]. These standards of care are intended to remind governments to take climate action in line with their national capabilities, to progressively increase their ambition, and to ultimately keep the increase in global temperature well below 2 °C [129]. Consequently, Art. 4 para. 3 PA can be seen as “softer, desirable” target [126]. At the same time, the provision shows that the Convention is open to change in some places [125]. However, this could cause tensions with the ambitious target set out in Art. 2 para. 1 PA.



The ambitious interpretation of Art. 2 para. 1 PA presented above (high probabilities, no overshoot, orientation towards 1.5 °C, no geoengineering) is furthermore supported by human rights on international, EU and national level as various courts have confirmed during the last years, focussing on some overall core ideas of human rights—as acknowledged by the German Constitutional Court [130], courts in The Hague (Urgenda [123] and Shell [122]) Ireland [131], France [124], and Melbourne [132]: The preamble of the PA explicitly mentions that human rights are of enormous importance for climate protection: Human rights establish the obligation to secure elementary conditions of freedom, namely life, health, and subsistence [9,18,73,133,134,135,136,137]. As rights of freedom, human rights furthermore logically imply the right to the elementary prerequisites for freedom. These prerequisites include a relatively stable world climate and environmental conditions that allow people to maintain their livelihoods [6,7,9,138]. A resulting human rights obligation to combat climate change is left primarily to political leeway (for example, due to the conflicting liberties of businesses and consumers). Nevertheless, the political scope for decision-making ends where political action or inaction endangers the liberal democratic order as such [9] (for interpretation rules, see also [74,75]). This is precisely the effect that inadequately mitigated climate change could have [1,25,26,71]. For this reason, an ambitious climate policy is imperative from a human rights perspective [6] and includes addressing that societal transformation toward a 1.5 °C warmer world does not exacerbate poverty and vulnerability or creates new inequities but promotes equitable change [139,140].



This is further underlined by the precautionary principle as a general principle of international law. Precaution means taking measures in view of long-term, cumulating, or uncertain damages [9,141,142,143,144,145]. The precautionary principle does not fully prohibit the pursuit of an action, which bears the chance of causing irreversible harm (since precaution also implies balancing different risks and opportunities, and even daily life entails irreversible risks), but shows a tendency in this direction in light of huge risks. Climate change exceeding the target of Art. 2 para. 1 PA will lead to such irreversible negative consequences globally and therefore needs to be mitigated. Even if some dispute the role of the precautionary principle in general [146,147], the principle is clearly codified on several levels in national, EU, and international law, i.e., Art. 3 para. 3 UNFCCC, Art. 191 Treaty on the Functioning of the European Union and Art. 20a of the German Constitution (Grundgesetz). Moreover, precaution is included in human rights [122,123,133]. Basic rights not only protect against certain dangers today but also protect against future dangers if future dangers are irreversible at the moment of occurrence; and exactly this applies to climate change. If that was not the case, the protection established in basic rights would run empty. Human rights thus contain a precautionary principle even beyond codification [6,9,138]. The connection to human rights highlights: the bigger the impending damage in its occurrence, the more ambitious necessary protection measures must be. In dealing with existential dangers, it is therefore not enough to accept moderate probabilities for the defence of human rights even if 100 percent certainty about future events can never be achieved [1]. Consequently, ambitious climate protection with drastic GHG reductions is required.





4. Discussion and Conclusions


Several empirical indications have shown that current global GHG budget calculations are unduly generous. We provided five empirical arguments that clearly point in that direction. These empirical points/arguments demonstrate, combined with legal arguments, that the budgets must be smaller than those estimated by the IPCC. The legal arguments are based on Art. 2 and 4 para. 3 of the Paris Agreement as well as on human rights and the precautionary principle. These norms contain an obligation to minimise the risk of significant damage, i.e., to take rapid and drastic climate protection measures. 1.5 °C (no more) is the legally binding temperature target; adherence requires a very high probability of achieving the target; temperature overshoot and geoengineering tend to be prohibited, and budget calculations must be based on sceptical factual assumptions. These normative insights have also been confirmed by recent rulings of supreme courts such as the ground-breaking climate decision of the German Federal Constitutional Court. However, determining the exact extent of actions and the distribution of the costs for mitigation (as well as adaptation and loss and damage) under the premises of limited (!) fact-based and balancing-related vagueness can only be done by elected politicians to preserve the democratic process and the system of checks and balances.



Applying the balancing rules derived from human rights guarantees for freedom and preconditions of freedom (suitability, necessity, efficiency, polluter-pays principle, and many more) enables to not only determine a common obligation to preserve the climate but to also draw rough conclusions for burden sharing. Ostensibly, this might not seem important given that the objective is zero emissions for all states, and for the budget in general the emissions distribution and questions like “per capita yes or no” do not matter. Consequently, courts did not discuss this point by now. However, it is important to discuss the allocation of expenses for globally necessary measures in mitigation, adaptation and loss, and damage. EU Member States like Germany have emitted and continue to emit high amounts of GHGs per capita, which are still in the atmosphere. The reference to capacities and the polluter pays principle—which both follow as balancing rules from freedom and are implied in Art. 2 Abs. 2, 4 Abs. 4 PA—requires these countries to take actions beyond the required, respectively increased, obligation to bear the costs of measures taken in the Global South (discussed in [18,34,35,39]). In any case, a country cannot claim more emission rights than it is entitled to per capita based on its population [9], because an existential good for whose genesis no one has contributed is endangered. However, this does not rule out the possibility to buy emission rights from other countries—or that, for reasons of capacity and the polluter pays principle (and therefore a higher historical responsibility of Western states), an unequal distribution towards the Global South even seems mandatory, given the fair share emphasis of Paris Agreement and Art. 3 UNFCCC. The remaining budget of an industrialised country is therefore, at most as high as would result from a distribution per capita but rather (substantially) lower, given the arguments mentioned in the present section. Determining the exact extent of actions and the distribution of the costs for mitigation (as well as adaptation and loss and damage) under the premises of limited fact-based and balancing-related vagueness can only be done by elected politicians to preserve the democratic process and the system of checks and balances.



Overall, the Paris Agreement and human rights underline a legally binding obligation for smaller global GHG budgets as those estimated in the greenhouse gas budgets of the IPCC—even compared to the 83 percent scenario in the latest assessment. Climate policy will have to raise its ambitions towards zero fossil fuels and a drastic reduction of livestock farming (and compensation measures for residual emissions such as forest and peatland management). Claims that radical climate policy is unrealistic is not a legally valid objection. If the corresponding demands do not violate the laws of nature, “unrealistic” is neither a legal nor a natural scientific category. Apart from that, the Ukraine war currently highlights that the protection of freedom and security—another elementary precondition of freedom besides a stable global climate and others—also suggests a very rapid shift away from fossil fuels. The fact that the IPCC does not offer more radical scenarios does not prove anything; scenarios are merely predictions of possible futures, but do not prove that other transformations are impossible. The extent to which this transformation demands renewable energy, energy efficiency, politically induced sufficiency, negative emissions from peatlands and forests, power-to-x and hydrogen remains an important question that is discussed elsewhere [105,148,149].
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