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	摘要(中)	本研究發展出一種全新的預報後處理方法來改進地表溫度在多模式系集平均的季節預報技術。簡要來說，此方法使用變數轉換、馬可夫模式(Markov model)和主成分分析引進觀測資料所提供的資訊來修正原始模式的預報值並改進多模式系集平均之預報技術。我們使用哥白尼氣候變遷系統(Copernicus Climate Change Service；C3S)的多模式季節預報計畫的月平均兩米溫度後報(hindcast)資料來進行方法的發展與評估。預報技術的評估指標是預報值和觀測值之間的相關係數和均方根誤差。參考的預報方法是持續性預報(Persistence forecast)和原始的模式預報。

首先我們在ENSO 指標區域利用k交叉驗證(K-fold cross-validation forecasts)來建立和測試此預報後處理方法。ENSO indices預報實驗的結果顯示，預報技術的修正幅度是由東向西增加的，而且這方法中僅保留1個經驗正交(empirical orthogonal function; EOF)模態所得到的修正預報值結果為最佳。方法建立後，我們接著進行全球1° x 1°經緯網格溫度場的預報實驗。一般而言，原始的多模式系集平均預報在陸地上的第1個月超前預報技術表現有比持續預報要好，而在海洋上除了Niño區域外則是在所有的超前預報都比持續預報要差。全球溫度場的預報實驗顯示，此方法不僅大幅度的提升原模式的預報技術，同時仍保有原模式在中太平洋的預報能力。比較修正後預報值與模式預報之結果亦指出，此方法的修正量可能會受到模式本身預報能力的影響而有所不同。在原模式表現不好之區域，其改善程度並不明顯甚至有變差的現象，反之在部分有預報能力之區域則會有明顯的改進。總體而言，在經過本文的方法修正後的預報大體保留了原始的多模式系集平均預報和持續預報的優點。


	摘要(英)	In this study, we develop a novel forecast post-processing method to improve multi-model mean (MME) seasonal forecast skill of surface temperature. Briefly speaking, this method uses variable transformation, Markov model, and principal components analysis to combine the information from observation to calibrate and improve MME forecast skill. We apply monthly mean 2m temperature hindcast data from the multi-system seasonal forecast service of the Copernicus Climate Change Service (C3S) to develop and evaluate this method. Forecast skills were evaluated using correlation coefficient and root-mean-square error (RMSE) between forecasts and observations. The performance of this method is evaluated by comparing forecast skills among this method, persistence forecasts, and original model MME forecasts.

We first used K-fold cross-validation forecasts to build and test the post-process of forecast method. Results from ENSO indices forecast experiments show that the forecast skill is increased from east to west and the use of only one EOF mode in this method yields the largest forecast skill improvement. After finishing the development of the method, we conduct the 1° x 1° global surface temperature forecast experiment. Generally speaking, original model MME forecasts of global surface temperature field have better skill in land area at lead one month and worse skill in ocean area except the Niño region at all lead months than persistence forecasts. The forecast experiment shows that the calibrated MME forecasts show notable improvement over the original model MME forecasts. Furthermore, the degree of improvement in skill depends on the original model skill. Overall speaking, the calibrated MME forecasts combine the advantages of both the persistence forecasts and the original model MME forecasts to yield better forecast skill than both methods.
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