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The Earth’s climate is a highly complex and dynamical system. To better understand and robustly

predict it, knowledge about its underlying dynamics and causal dependency structure is required.

Since controlled experiments are infeasible in the climate system, observational data-driven

approaches are needed. Observational causal inference is a very active research topic and a

plethora of methods have been proposed. Each of these approaches comes with inherent

strengths, weaknesses, and assumptions about the data generating process as well as further

constraints.

In this work, we focus on the fundamental case of bivariate causal discovery, i.e., given two data

samples X and Y the task is to detect whether X causes Y or Y causes X. We present a large-scale

benchmark that represents combinations of various characteristics of data-generating processes

and sample sizes. By comparing most of the current state-of-the-art methods, we aim to shed light

onto the real-world performance of evaluated methods. Since we employ synthetic data, we are

able to precisely control the data characteristics and can unveil the behavior of methods when

their underlying assumptions are met or violated. Further, we give a comparison on a set of real-

world data with known causal relations to complete our evaluation.
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