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	摘要(中)	雖然觀測或模式上有很多關於熱帶氣旋的研究，颱風與地形間的交互作用和雲水與降水收支的瞭解仍然不足。本研究使用Yang et al.(2008)利用PUS-NACR MM5模式模擬納莉颱風(2001)之模式輸出（此模擬提供時間及空間上高解析度之資料），藉由水收支(Water Budget)診斷分析方法來比較納莉颱風在海上與登陸臺灣期間之水收支分佈。本研究參考Braun(2006)之水收支方法，所有的水收支項皆由模式直接輸出。另外吾人將颱風依照結構的差異，分為兩個不同的區域，內核區域(半徑0至50公里)與外部螺旋雨帶(半徑50至150公里)。


模擬之颱風結構於登陸前後有明顯差異，颱風登陸前(在海上)呈現較軸對稱的結構，在颱風眼牆內的中高對流層有較大的凝結加熱分佈；颱風登陸後由於受到臺灣複雜地形的影響，破壞了颱風的軸對稱性結構，而呈現非軸對稱的結構，最大凝結加熱率分佈在颱風眼牆內的中低對流層，並且眼牆內一小時平均最大凝結加熱率增加了一倍。


由水收支的結果來看，水蒸氣由邊界層徑向入流傳送到眼牆內部大約相當於總凝結的23.5％；眼牆內邊界層與垂直混合大約只有相當總於凝結的1.3％，所以內核區域邊界層提供的水氣相較於邊界層內流輸入的水氣是很小的一部分，此結果與Braun (2006)所發現的結果一致。登陸後地形增強颱風次環流，使得低層水氣通量輻合增加，在雲水與降水收支結果中，台灣地形增強上對流層外流，傳送較多的雲水與軟雹至外部螺旋雨帶區域，造成9月18日嘉南地區24小時累積降水高達522.5公厘。


另外，再進一步計算降水效率，其定義是將體積積分後的降水(雨水、軟雹、雪)項除以體積積分後的總凝結（凝結加上凝華）項，比較颱風登陸前與登陸後，降水效率從登陸前的62％增加到70％，與模擬之地面降水在登陸後增加的結果一致。此結果是由於台灣地形的影響增強颱風的次環流，增加水氣通量向內傳送，亦使得降水過程的循環率（cycling rate）加快。



	摘要(英)	Although there have been many observational and modeling studies of tropical cyclones, understanding of the budgets of clouds and precipitation and the interaction between typhoon and terrain are still limited. In this study, the fifth-generation Pennsylvania State University-National Center for Atmospheric Research (PSU-UCAR) Mesoscale Model (MM5) is used to simulate Typhoon Nari, and high-resolution (2-km horizontal grid size and 2-min data interval) model outputs are used to examine water budgets, then compared between typhoon on the ocean and in land . All budget terms are derived directly from the model. The typhoon circulation is separated by two distinct components, the inner core (R=0-50 km) and outer rainband (R=50-150 km) region, respectively.


The typhoon structure has significant differences before and after landfall. Before landfall, the condensation latent heating is distributed at mid-to-high levels within typhoon eyewall; after landfall, the typhoon structure is more asymmetric and has evident titling eyewall induced by Taiwan terrain. The condensational heating rate is distributed at low-to-mid levels. The hourly-averaged condensational warming within the eyewall is one time increased and is peaked at lower altitude, compared to those over ocean.


In the budget result, when the typhoon over the ocean, the inward-to-eyewall horizontal vapor transport within PBL is about 23.5% of total condensation and the PBL source term is only about 1.3% of total condensation. The ocean source of water vapor in the inner core region is a small portion of horizontal transport, consistent with previous finding. After landfall, the Taiwan terrain effect enhanced typhoon secondary circulation. Therefore, it induced strong water vapor convergence and much mass and moist is carried into the outer spiral rainband region. In the cloud and precipitation budget, the ice and guraple transport outward to outer spiral rainband region is increased by terrain which induced Chiyi area 24-h accumulated rainfall exceed to 522.5 mm.


Further, we calculated cloud microphysics precipitation efficiency (CMPE) which is defined as the volume-integral precipitation divided by the volume-integral condensation and deposition, and large scale precipitation efficiency (LSPE) which is defined as the volume-integral precipitation divided by the volume-integral water vapor convergence. CMPE increased from 62% to 70% and LSPE also increased from 30% to 45% compared with before and after landfall. Because of Taiwan terrain enhance typhoon secondary circulation, more water vapor transport inward to inner core region. It makes the cycling rate of precipitation process fast.
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