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                    Abstract
The surface energy budget is closely related to freeze-thaw processes and is also a key issue for land surface process research in permafrost regions. In this study, in situ data collected from 2005 to 2015 at the Tanggula site were used to analyze surface energy regimes, the interaction between surface energy budget and freeze-thaw processes. The results confirmed that surface energy flux in the permafrost region of the Qinghai-Tibetan Plateau exhibited obvious seasonal variations. Annual average net radiation (Rn) for 2010 was 86.5 W m−2, with the largest being in July and smallest in November. Surface soil heat flux (G0) was positive during warm seasons but negative in cold seasons with annual average value of 2.7 W m−2. Variations in Rn and G0 were closely related to freeze-thaw processes. Sensible heat flux (H) was the main energy budget component during cold seasons, whereas latent heat flux (LE) dominated surface energy distribution in warm seasons. Freeze-thaw processes, snow cover, precipitation, and surface conditions were important influence factors for surface energy flux. Albedo was strongly dependent on soil moisture content and ground surface state, increasing significantly when land surface was covered with deep snow, and exhibited negative correlation with surface soil moisture content. Energy variation was significantly related to active layer thaw depth. Soil heat balance coefficient K was > 1 during the investigation time period, indicating the permafrost in the Tanggula area tended to degrade.


摘要
在多年冻土区, 地表能量收支与冻融循环过程有着密切的联系, 同时也是陆面过程研究中的关键过程。本文基于唐古拉地区2005-15年的观测数据, 分析了地表能量收支特征及其与冻融循环的相互作用关系。研究结果表明:青藏高原多年冻土区地表能量收支有着明显的季节变化特征, 以2010年为例, 其年均净辐射值为.86.5 W m-2, 最大值出现在7月, 最小值出现在11月。地表热通量在暖季为正值, 冷季为负值, 2010年年均值为2.7 W m-2。净辐射和地表热通量的变化同冻融循环过程紧密相关。感热通量在冷季占据着能量收支的主导地位, 而在暖季则为潜热通量占据主导位置。冻融过程、积雪, 降水, 及地表状况均对地表能量收支有着重要的影响。地表反照率受表层土壤含水量及地表状况影响较大, 当地表被积雪覆盖时会显著增加, 但同土壤表层含水量变化呈现负相关。能量的变化对活动层融化深度有着显著的影响。在观测的年份(2005-15年)中, 土壤热平衡系数的数值始终大于1, 可见唐古拉地区多年冻土有退化的趋势。
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