Climate Change Paris Agreement: ReadMe

Fact Sheet for “The Paris warming targets: Emissions requirements and sea level consequences”, by T.M.L. Wigley, Climatic Change (in press).
This is a ReadMe file for material on and data for this paper available through Figshare. This ReadMe file summarizes results in the paper via a Fact Sheet (below) and provides background to the analysis. The Figshare repository contains all the raw data used in both the main text Figures and the ESM Figures, together with data for the three emissions scenarios developed in the paper. The emissions are in the form used for input into the MAGICC climate model. Some emissions are relative to a reference year, while others are anthropogenic emissions only. Background papers on MAGICC are given in the paper’s reference list. 
Fact Sheet.

The Paris Agreement (the text for this was finalized in Paris on December 12, 2015)
This is an internationally agreed document under the United Nations Framework Convention on Climate Change (UNFCCC) that gives climate targets that parties to the Agreement should strive to achieve through reductions in the emissions of gases that lead to global warming. The key statements in the Agreement are …

(1) Parties agree to hold “the increase in the global average temperature to well below 2oC above pre-industrial levels” and pursue “efforts to limit the temperature increase to 1.5oC above pre-industrial levels” (Article 2(a)).
(2) “In order to achieve the long-term temperature goal set out in Article 2, Parties aim” … “to undertake rapid (emissions) reductions” … “in accordance with best available science” … (Article 4.1).

(3) (These) “rapid reductions” (should) “achieve a balance between anthropogenic emissions by sources and removal by sinks of greenhouse gases in the second half of this century” … (Article 4.1).

In all, there are 29 articles in the Agreement, with articles beyond Article 4 dealing with equity, adaptation, education, information exchange and transparency, and technical review mechanisms, and with financial assistance, technology transfer, and capacity building in and to lesser developed and more vulnerable nations.
The Agreement provides a mechanism for countries to withdraw from the Agreement. To do so would take four years to come into effect. Alternatively, withdrawing from the UNFCCC only takes one year, and would automatically withdraw the country from the Paris Agreement. In a sense, withdrawal or not is a moot point, because the Paris Agreement is non-binding and a country could simply ignore “commitments” made earlier. There is no enforcement mechanism, and no penalty for non-compliance.
From a scientific point of view there are some worrying features in the wording of the Paris Agreement. First, the wording of Article 2 requires that temperatures must remain (my emphasis) either well below 2oC or below 1.5oC relative to “pre-industrial levels”. (Note that “pre-industrial” is not defined in the Agreement, but it should refer to a period in the late 19th century.) In other words, the possibility that temperatures might overshoot the target before eventually returning to the target (or below) is not allowed for in the current wording of the Paris Agreement, so such pathways would not be in compliance with the Agreement. Second, in spite of the agreement to maintain accordance with the best available science, the requirement of dropping to net zero emissions in the second half of the present century is not consistent with the stated temperature goals. These goals can be achieved even if emissions never drop to zero. 
Fortunately, if “best available science” is the overarching consideration, then there is a mechanism to add Annexes to the Agreement (via Article 23) to allow temperature overshoots and/or modify the zero emissions requirement.
Results from my paper     

The primary goal of my paper is to determine what future emissions changes are required to meet the Paris 2oC and 1.5oC targets, where I use “target” to refer to the eventual warming, which could occur after an overshoot..
There are a number of papers already in the literature that attempt to determine these emissions. Many of these papers use an “ensemble of opportunity” approach. In this method, a large IPCC data base of emissions scenarios is used to estimate the characteristics of emissions required to meet the targets. (Note that the scenarios in this data base were not designed specifically to meet the Paris targets.) Statistical methods are used to infer information about the emissions required to meet the Paris targets, but the “ensemble of opportunity” approach does not lead to any specific emissions scenarios that meet the Paris Agreement goals. This is an entirely indirect method. It can provide useful insights, but can lead to biased results because the data base is incomplete.

My methods are more direct and easier to follow and interpret. I either (a) use a modification of an existing emissions scenario that already meets the 2oC target, or (b) combine existing emissions scenarios in a way that meets the 1.5oC target, or (3) begin with a temperature pathway that meets the 1.5oC Paris target. For item (c), I work backwards from the prescribed temperature pathway to determine, first, the atmospheric composition changes consistent with the temperature pathway, and, second, the corresponding greenhouse gas emissions. In global warming science the usual calculations start with emissions, use various models to determine atmospheric composition changes, and then use a climate model to determine temperature changes. Calculations like this are called forward calculations. My item (c) calculations are the reverse of this and are called inverse calculations; temperature back to emissions rather than emissions forward to temperature.
My results differ from those given by the “ensemble of opportunity” approach in some important ways. First, I found with preliminary calculations that pathways that avoided a temperature overshoot require virtually impossible-to-achieve emissions reductions. So I restricted my calculations to overshoot scenarios, scenarios where I could control the degree of overshoot and the overshoot duration. 
I produced one scenario (a) that met the 2oC target, and two (b and c) that met the 1.5oC target. For the 2oC target, my scenario has positive emissions out to 2400 (the limit of my analysis). This is inconsistent with Article 4.1 (item (3) above). For the 1.5oC target, one of my scenarios also has positive emissions out to 2400, again inconsistent with Article 4.1. This scenario has a temperature overshoot of 0.44oC and takes until around 2400 to return to the 1.5oC target. My second 1.5oC scenario has a smaller (0.28oC) and shorter (112 years) overshoot. It requires emissions to drop to zero in 2060 and to remain negative until around 2125, peaking at around   ̶1.3GtC/yr. Dropping emissions to zero in 2060 is consistent with Article 4.1, but it is not the only possibility.

The bottom line here is that Article 4.1 is simply not “in accordance with best available science”. The Paris Agreement needs rewording. In my paper I suggest some possible rewordings
My analysis continues by investigating the sea level rise consequences of my three emissions scenarios, and, therefore, of meeting the Paris Agreement targets. In all three scenarios, sea level continues to rise until 2400, and is still rising at a significant rate in that year. For the 2oC case, sea level rise over 2000 to 2400 is 1.22 metres. For both 1.5oC cases, sea level rise over 2000 to 2400 is about 1.07 metres. These are not surprising results: similar long-term sea level rise projections were made in the very first (1990) IPCC report. In the light of recent research on ice loss from Antarctica, as I point out in my paper, it is possible that sea level rise over coming centuries might be much larger than these projections.

What are the implications of these results? The main conclusion is that, provided that the Paris Agreement is reworded or amended to allow temperature overshoot, meeting the Paris Agreement targets might not be as difficult as is commonly believed. In particular, it may be possible to meet even the 1.5oC target without having to go into negative emissions territory, depending on the magnitude and duration of temperature overshoot. If a temperature overshoot occurs or is likely, this introduces a new and important area of research … just what is the maximum amount and duration of an overshoot in order to avoid producing irreversible impacts on, e.g., terrestrial and/or marine ecosystems? This is a generalization of the idea of climate tipping points.

Even if negative emissions are not required, the challenge of reducing emissions to near zero, no matter whether this must be met this century or later, is still a daunting one requiring concerted and coordinated international action. It will require the rapid development and implementation of all available low carbon technologies, including nuclear. Excluding a consideration of any such technology on ideological grounds can only make the task of meeting the Paris Agreement targets more difficult.
But, even so, we should be aware that changes in terrestrial climate (temperature, precipitation, storminess, etc.) are only part of the picture. The Paris targets may succeed in keeping this part of the climate system within acceptable bounds, but they will not halt the inexorable rise of sea level, which will continue for centuries after the terrestrial climate has been stabilized. 
In political discourse recently in Australia, our country’s emissions reduction goals are often referred to as goals under the Paris Agreement. This is incorrect. Individual country goals (now referred to as Nationally Determined Contributions … note the word “Contributions”, not “Commitments”, a common mistake) were submitted to the UNFCCC well before the Paris Agreement was formulated, so they cannot be consistent with the Paris Agreement. Indeed, as the global emissions reductions required to meet the Paris Agreement are still a matter of debate (a debate that my work contributes to), until this debate is over we cannot finalize scientifically consistent emissions reduction strategies. Planning ahead is always useful, but formal policies should not run ahead of the science. 
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