6  Attributing causes of regional climate change

6.1  Introduction and Summary

This chapter deals with the decomposition of climate variability into systematic changes that are due to external factors and natural variability that is generated in the climate system itself. External factors that influence climate include human-induced changes in atmospheric composition such as increasing concentrations of greenhouse gases but also natural fluctuations in solar irradiance or the changes of Earth’s orbit. We refer to systematic changes in response to external forcings as climate change. In contrast, internal variability denotes the random fluctuations that are an inherent property of a complex system such as the climate system. It is important to note that in the real world, internal variability and externally forced change only occur in conjunction. Variability and change are thus present at all temporal and spatial scales from virtually instantaneous (small-scale turbulence) to millennia (decay of continental ice shelfs) with varying relative importance of variability and external forcings. Being able to distinguish between internal variability and the effects of external forcings is key to projecting changes into the future. Only aspects of the climate system that respond to a change in external forcing mechanisms are predictable far into the future given that the evolution of the external forcing mechanism is predictable. In the following we outline how we decompose the climate record into variability and forced change to learn about the effect of different factors causing climate change.

6.1.1  How do we learn about causes of climate change? 

Learning about cause and effect is at the heart of most scientific studies. In contrast to many other branches of science, however, climate change science suffers from the fact that one cannot perform controlled experiments with the real system, as we do not have a spare Earth to experiment with. For example, we cannot directly (experimentally) investigate the effect of changing greenhouse gas concentrations on global temperatures all else being equal, as simultaneous with the recent increase in greenhouse gases all other forcing factors of the climate system have changed as well. The absence of controlled experiments with the climate system significantly complicates the analysis of cause and effect relationships.

In the absence of opportunities to examine cause and effect relationships through controlled experiments, we base inference on the causes of climate change on a cascade of arguments in favor of (or against) a hypothesized cause. That is, one seeks to answer questions such as the following: How likely is it that the observed change would have occured at random, that is due to natural internal variability of the climate system?  How well do we understand the mechanisms by which a hypothesized forcing factor influences climate?  How well do we understand the past evolution of the hypothesized forcing factor?  Is our predicted response to the hypothesized cause consistent with the observed change?  Is the hypothesized cause the only plausible explanation for the observed change or do other causes result in similar changes?  And in the regional context also questions such as: is the regional change consistent with change in other regions with similar characteristics (or is it consistent with the global change)?  The evidence is then combined to inform statements about possible causes of climate change. 

Most of the above questions cannot be answered from observations alone. For example we cannot deduce warming rates during the past century in a hypothetical world without human influence from the observations. Therefore, most inferences on causes of long-term climate change rely on some sort of climate model to be able to experiment with and to develop testable hypotheses. In these models, we can switch of different forcings and thus quantify the impact of each individual forcing on recent and future climate change. The climate models employed to learn about cause and effect relationships range from the simplest empirical models assuming that a change in an external forcing translates linearly to a response in a given climate parameter to coupled Atmosphere-Ocean General Circulation Models (AOGCMs) that explicitly resolve many of the known processes of the climate system (Hegerl and Zwiers, 2011, and references therein).

All attribution statements are conditional on our understanding of the system and especially conditional on our understanding of response to other plausible forcing factors. New knowledge on a specific forcing mechanism and and new knowledge on processes thus alters the balance of evidence for all forcings. Therefore, attribution statements have to be revisited as new knowledge and new data accumulate.
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