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摘要
	地質模型永遠無法被完全無誤地建立，因此分析、視覺化和溝通地質模型的不確定性非常的重要。迄今，尚無普遍通用的方法來量化地質模型中的不確定性，故本研究建議引入資訊熵，作為比較和評估模型的觀測結果。資訊熵在1950年代引入，並在模型中的每一位置定義一量值，以實現可預測性。本研究顯示，此種方法不僅提供了對地質模型不確定性的定量描述，且可以顯示輸入的資料和模型品質的關聯，以及額外的資料和地質知識如何優化地質模型。換句話說，資訊熵是一個用於模型演算的有效方法。為了驗證可行性，本研究將資訊熵用於地質模型不確定性的視覺化，可以看出(a)即使對於複雜的幾何形狀，模型中的不確定性高的區域仍可以顯示(b)地質單元總體的不確定性(與任何類型的資源估算都具有很大的相關性)(c)整個地質模型的平均熵(用於觀察整個模型持續演進時的改變)。透由傳統的方法無法輕易地得出以上的結果，因此，資訊熵是一種將地質模型中的不確定性視覺化，以及對地質單元不確定性、地質模型的平均熵進行定量分類的有效方法。由資訊熵與地表下缺失資料之間的關係，本研究預估此方法，在許多類型的地球科學數據演算問題中，具有巨大的潛力，超越單純只有地質模型的視覺化。
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ARTICLE INFO ABSTRACT
Aricl histoy: ‘Analyzing, visualizing and communicating uncertainties are important isues as geological models can never
Received 14 January 2011 be fully determined. To date, there exists no general approach to quantify uncertainties in geological
Receive i sevied forrm 8 Agell 2011 ‘modeling. We propose here to use information entropy as an objective measure to compare and evaluate
:‘::m 2 E“.l‘., on ‘model and observational results. Information entropy was introduced in the 50s and defines a scalar value at
every location in the model for predictabilty. We show that this method not only provides a quantitative
e — insight into model uncertainties but, due to the underlying concept of information entropy, can be related to
Information entropy questions of data integration (L. how is the model quality interconnected with the used input data) and
3D geological modeling ‘model evolution (ie. does new data - or a changed geological hypothesis - optimize the model). In other
Uncertanty ‘words information entropy is a powerful measure to be used for data assimilation and inversion.
Simulation Asafirst test of feasibilty, we present the application of the new method to the visualization of uncertainties in
Fuzziness ‘geological models, here understood as structural representations of the subsurface. Applying the concept of
Visualization information entropy on a suite of simulated models, we can clearly identify (a) uncertain regions within the

‘model, even for complex geometries; (b) the overall uncertainty of a geological unit, which i, for example, of
‘great relevance in any type of resource estimation; (c) a mean entropy for the whole model, important to track
‘model changes with one overall measure. These results cannot easily be obtained with existing standard methods.
‘The resuls suggest that information entropy is a powerful method to visualize uncertainties in geological
‘models, and to clasify the indefiniteness of single nits and the mean entropy of a model quantitatively. Due to
the relationship of this measure to the missing information, we expect the method to have a great potential in
‘many types of geoscientific data assimilation problems — beyond pure visualization.
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