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Fig. 2 A landscape mosaic (a), possible configurations (b-k), and the corresponding total edges (TE)
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Fig. 4 The core idea in computing the Boltzmann entropy of a quantitative spatial raster data
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Fig. 5 Relative (Sk) and absolute (S,) Boltzmann entropies
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Fig. 6 Resampling-based algorithm for computing Boltzmann entropy
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Abstract: The field of geography has three unique characteristics, namely, regionality,
integration, and complexity. Among them, complexity has become increasingly crucial to
geography in the current era. Entropy is a key concept and an indicator of the complexity of a
system; thus, the research and application of entropy play a fundamental role in the
development of geography. During recent years, Boltzmann entropy (i.e., thermodynamic
entropy) has emerged as a research hotspot in the entropy for geography. Proposed as early as
the year 1872, it is the core of the well-known Second Law of Thermodynamics. However, its
application in geography had remained at a conceptual level for lack of computational methods
with spatial data. Fortunately, much progress has been made globally towards computing and
applying spatial Boltzmann entropy (i.e., the Boltzmann entropy of spatial data). This paper
aims to perform a comprehensive review of such progress, in terms of the thermodynamic
origination of Boltzmann entropy, the difficulties in applying it to geography, computational
models and algorithms of spatial Boltzmann entropy, and all the applications up to now. Four
major conclusions can be drawn as follows: (1) The current focus of research is placed on the
Boltzmann entropy of spatial raster data. Models have been developed for computing
Boltzmann entropy with both qualitative and quantitative raster data. (2) Many algorithms have
been developed and can be classified into three categories, namely total edge- based,
Wasserstein distance-based, and multiscale hierarchy-based. (3) It has witnessed two groups of
applications of spatial Boltzmann entropy to geography, namely landscape ecology and remote
sensing image processing. (4) Future research is recommended to develop algorithms for more
types of spatial data, validating previous conclusions drawn using Shannon entropy, and
extending the applications of spatial Boltzmann entropy.

Keywords: spatial data; Boltzmann entropy; Shannon entropy; spatial information theory;
landscape ecology; reginal sustainability



