
The Arctic's Secret Ice-and-Snow Sanctuary
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The Arctic Circle is renowned for its vast ice cover and distinctive ecosystem. The
region's sea ice exhibits complex morphological features, including fractures, pressure
ridges, and broken ice floes, which together create a richly textured surface landscape.
Dynamic ice processes such as shear deformation, fracturing, and melting
demonstrate the principles of rheology and thermodynamics, transforming geometric
forms and optical properties into striking expressions of natural artistry. These
processes highlight the complexity and interconnectedness of the Earth's system.

The frozen landscape is found in the Earth's coldest polar regions, where temperatures
range from 0°C to below -70°C. This extreme thermodynamic gradient provides the
essential conditions for the formation of glaciers, ice caves, and icicles. Glacier
formation depends on high-latitude continental landmasses near the poles and high-
elevation terrain. These ice masses originate from the compaction of snowfall, as
snowflakes undergo metamorphism to become firn before accumulating on land
through recrystallization and freezing. Pressure-induced melting and refreezing
involve repeated cycles of snow burial and firn densification, processes that are often
influenced by extreme weather events such as blizzards, ultimately producing solid
glacial ice. When summer melt rates remain relatively low, glaciers experience a
positive mass balance, allowing the ice mass to grow over time.

The morphological diversity of glaciers is shaped by elevation gradients and
geomorphological settings and can be broadly classified into two main types:
continental ice sheets and mountain glaciers. Continental ice sheets flow radially
outward from a central ice dome and are generally independent of the underlying
topography, as exemplified by the ice sheets of Greenland and Antarctica. In contrast,
mountain glaciers are confined to high-altitude regions, where they flow downslope
through mountain valleys. When multiple mountain glaciers converge at the base of a
mountain range, they form a piedmont glacier. If such glaciers continue advancing
into the ocean, they evolve into tidewater glaciers.

The formation of ice caves reflects the fluid dynamics and heat transfer processes
within glaciers. Influenced by global warming or intense precipitation events, flowing
meltwater erodes the ice to create these cavities, functioning much like a glacier's
internal drainage system. For example, the ice caves near Breiðamerkurjökull Glacier
in Vatnajökull National Park, Iceland, display spectacular subterranean landscapes
that reveal the dynamic pathways of meltwater flow.

The formation of icicles occurs when ambient temperatures remain below the freezing
point. As increased solar radiation raises local temperatures, surface melting produces
water droplets that lose heat and freeze upon contact with the cold air. Through
successive cycles of dripping, heat dissipation, and solidification, the icicles gradually
elongate into stalactite-like structures, illustrating the principles of phase-change
dynamics.

Global climate warming and the associated increase in extreme weather events, such
as heatwaves, intensified precipitation, and severe storms, pose significant threats to



mountain glaciers, polar ice sheets, and sea ice. These processes accelerate the
melting of permafrost and snow- and ice-covered regions.

Meltwater generated from glaciers flows into streams, rivers, and lakes before
ultimately reaching the oceans, contributing to global sea-level rise. At the same time,
the loss of ice reduces the Earth's surface albedo, triggering a positive feedback loop:
newly exposed darker surfaces absorb more solar radiation, further amplifying
regional warming and accelerating additional ice loss. Although the increasing
frequency of extreme weather events, such as more intense snowstorms, may
temporarily increase snowfall, the overall warming trend dominates, resulting in a net
loss of ice mass. This imbalance disrupts ecosystem stability, biodiversity, and the
global carbon cycle. Collectively, these impacts underscore the profound
consequences of human-driven climate forcing on the Earth's system.

北极冰雪圈的美学秘境

(黄荣华)

北极圈以其广阔的冰盖和独特的生态系统而著称。这区域的冰层呈现出复杂的形态学特征，包

括裂隙、冰脊和碎冰块，这些元素共同构成了一个富有纹理的表面景观。冰层的动态过程，如

剪切变形、断裂和融化，体现了流变学和热动力学原理，将几何线条和光学属性转化为自然界

的艺术表现形式，凸显了地球系统的复杂性。

冰冻景观位于北极极端寒冷的核心区域，其温度范围从 0°C至低于-70°C，这种热力学梯度是

冰川、冰洞和冰柱形成的必要条件。冰川的生成依赖于极地附近的高纬度大陆板块和高海拔地

形。这些冰体源于降雪的压实过程，雪花经由变质作用转化为粒雪，随后通过重结晶和冷冻在

陆地上积累。压力诱导的融化，再冻结循环涉及反复的雪埋藏和颗粒状雪的致密化，受暴风雪

等极端天气事件的影响，最终形成固态冰体。在夏季消融率较低时，冰川质量平衡呈正值，导

致冰体增长。

冰川的形态学多样性源于海拔梯度和地貌环境，主要分为大陆冰盖和山岳冰川两大类。大陆冰

盖从中心穹丘向外辐射流动，通常不受基底地形控制，例如格陵兰岛、北极和南极冰原。高山

冰川则指局限于高山地区的冰流，向山谷延伸。当多条高山冰川在山麓汇合时，形成山麓冰川，

若进一步注入海洋，则演变为潮汐冰川。

冰洞的形成体现了冰川内部的流体力学和热传输变化，受全球变暖或降水事件的影响，水流侵

蚀塑造出这些空腔，类似于冰川的排水系统。例如，冰岛 Vatnajokull 国家公园内

Breidamerkurjokull 冰川附近的冰洞，呈现出奇异的地下景观，反映了融化水流的动力学路径。

冰柱的生成发生在环境温度低于冰点的条件下：当太阳辐射增强导致温度升高时，局部融化产

生的水滴在冷空气中通过热量散失和凝固过程积累，随着连续滴落而延长，形成钟乳状结构，

体现了相变动力学。

全球气候变暖及其伴随的极端天气事件（如热浪、增强型降水和风暴）对高山冰川、极地冰盖

和海冰构成了严峻威胁。这些过程加速了永久冻土和冰雪覆盖地区的消融速率。 融化产生的冰

川径流注入溪流、河流和湖泊，最终汇入海洋，导致海平面上升。此外，冰体减少降低了表面

反照率，引发正反馈循环， 暴露的暗色表面吸收更多太阳辐射，进一步放大区域变暖，诱发更

多冰损。极端天气的频率增加，例如增强的暴风雪可能短期内增加积雪，但整体变暖趋势主导



下，导致净质量损失，从而扰乱生态平衡、生物多样性和碳循环。这些影响凸显了人类活动驱

动的气候逼迫对地球系统的深远后果。
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