The Arctic's Secret Ice-and-Snow Sanctuary
(Yoong Wah Alex Wong)

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 Breidamerkurjokull Glacier
in Vatnajokull 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.

ALK E B By = F B
%)

IREUL R E RN ESRRTER. IRBHAEEAHARNVESFRHE, &
BRE, KEMFRKR, RETRAAMKT — P EAXENEAEN. KENHLILE, W
HOEY. R ARN, RATREFARGAFRE, FILALFTEFREEMA AT
WZEARARA, DETHERFGNE 2K,

KARFRA T AR A B ORE, KBEREM0 CERT-70° C, XMRAFHER
TN IR AR AE T BB 56 B4 o IO B9 A BCR BT R I 2 B9 8 4 R B AR AR 3 e i
o REKKETRINEEZIE, TUEEXREALUAILRS, MERLELERML KA
M MR, EAFSORNL, BAREETSRREANTERPBARETNRE 1, ZERT
ERRARLEMHOTE, RAWKBSKE. EXFHBERRKN, KMIFREFHELE, |
BUKEEK.

KNEHEFZHERTBEREMHRITE, TELHABKEMLEKNTAEL. AR
FEAFOET LR EHRS, BELXERMYER, sk, WRERKE. &l
AN R TR LK dvkm, mbAEHE, Y555 0A) I ELEBLCAH, R LEAI,
& —FEN G, NIERE AL A

WEET AR T N AT RES F R RER TN, ZLRTRRNEAEENTH, KRE
fh I I s s, ROT W BHEA R %, Blae, K5 Vatnajokull EIR AR AW
Breidamerkur jokull 7 I| [t L8 7k, EHHFRAMBT 2N, REET@AKRAZI I FEE.
KAEWEREECHEEERTREHEGET: YSAMNBHERSREZA TN, BHEML~
EWABAEAZR PR A ERAPBRELIENE, MELESHEMEK, BRALKEMY,
BT HENS ¥

2RAFEERAAFBAT G A ILES (WHR, BRAEEAfRE) @bkl BHkE
AmAG A B T R B, B BART RAREIMATEEH R RER, RS EH K
NBRENRR . FRAHE, RELCNEE, SEETE L4, A, KEBRDEERT RT
RERE, 5lRERBER, ZRENEEREARKESL AMEH, #—FPHARBER, FRAE
Lk . BImAIBMEE m, FlogBnERTIRARNENRE, EEREELES TR



T, REERERK, NARILLESTH. £WEHEEMRER. TLPHOET AREHR
M AFBE N IR RANELE R,

(ff%: LHEFPHEN RFERG RFEREHR



