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Themenstellung 
 

This presentation is a perspective piece, on research still to be conducted. Here we aim to elaborate on the usefulness 

of greenhouse gas (GHG) emission inventories (cf. Lieberman et al. 2007; White et al. 2011; Ometto et al. 2015). 

Emissions experts are trying to understand how helpful GHG emission inventories are in reconciling short- and long-term 

emission estimates. Given that emission paths are sensitive to historical conditions, as well as uncertain with respect to 

their mandated reduction levels, experts are grappling with the probability that long-term targets will be missed (Jonas 

et al. 2010a: 4.3; 2010b; 2014). 

We deal with this question from a data-processing perspective. To obtain promising outcomes, we lower our ambitions 

by posing two conditions. First, we restrict ourselves to systems with memory. Memory allows us to reference how 

strongly a system’s past can influence its near-term future. This brings us to our second condition: we make only a 

“small” step into the future. This step is sufficient to show that the way a data analyst and a prognostic modeler 

understand uncertainty, when transgressing “today”—the interface between past and future—fundamentally differ. 

 
Methode 

 
When we speak of memory, we refer to the momentum of a system over a historical time range. Different approaches 

are able to capture memory. By way of example, we capture memory with the help of three of its characteristics: its 

temporal extent, its weight over time, and its quality over time. The extent of memory quantifies how many historical 

data directly influence the current system, while the weight of memory describes the strength of that influence. The 

quality of memory steers how well we know the latter. 

One important question is how well we need to know these (and/or possibly other) characteristics of memory in order to 

delineate a system’s near-term future, which we seek to do by means of what we call the system’s explainable outreach 

[EO]. In our perspective piece, we argue that we have reasons for optimism that the system’s EO can be derived under 

both incomplete knowledge of memory and imperfect understanding of how the system is forced. 

Our focus is on forced systems. In many cases, we know that a system possesses memory, for example, because it 

does not respond instantaneously to the forcing it experiences. But we find it difficult to quantify memory, let alone 

visualize it, in a way that is easy to understand, particularly for practitioners and decision-makers. 

Figure 1 is as a major example of a forced system. Here, the forcing is due to anthropogenic activities (e.g., fossil-fuel 

burning, cement production, and land use). The figure informs us of the emission reduction paths we would have to 

follow almost instantaneously at the global scale to keep global warming at or below 2ºC to prevent the most dangerous 

impacts of climate change. However, the figure does not inform us about the “degree and extent of persistence” with 

which GHG emissions will continue along their historical path into the future, for example, due to old, carbon-intensive 

furnaces remaining in operation; such knowledge is crucial for the design, implementation, and effectiveness of realistic 

emission-reduction policies and for overcoming path-dependences caused by memory. 

Is it then possible to distinguish between the various characteristics of memory and specify them through diagnostic 
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data-processing alone? Or, to put it another way, how much systems understanding do we need to possess and 

also to inject into the data-analysis process to enable those distinctions to be made? This question, which is 

directly related to our previous question, is of considerable interest. As yet, we do not see any possibility of it 

being answered, except theoretically. However, we do see a value in exploring it in order to identify approximate, 

yet sufficiently robust, modi operandi to identify EO concepts that are easy to apply in practice. 

 
Ergebnisse 

 
The main objective of this perspective piece is to explore and reflect on an approach that allows a system’s EO to 

be derived and to demonstrate the usefulness of doing so. To that end, we start from a simple synthetic data 

(time) series example—our control—which we equip, step by step, with realistic physical features, such as 

memory and noise, while exploring the system’s persistence - the counterpart to memory - and deriving its EO 

(forward mode). The main reason for providing the example is to better understand memory and persistence and 

to consolidate our systems thinking. 

Nonetheless, our perspective piece should be considered as explorative only. Systemic insight is more valuable 

than mathematical rigor. The example is geared to making the concept of EOs applicable. We discuss how 

consequential the example is, where it underperforms, and the questions it raises. 

Overall, our insights indicate the high chance of our conjecture proving true: being ignorant of memory and 

persistence, we underestimate, probably considerably, the momentum with which GHG emissions will continue 

on their historical path beyond today and thus overestimate the amount of reductions that we might achieve in 

the future. 

 

 

Abb: Figure 1. Illustrating the effect of implementing pledges and the so-called intended, nationally determined 

contributions of 146 governments. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


