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Fig. 1 Coupling mechanism between glacial evolution and glacial lake development
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Fig. 3 Glacial lake formation of glacier erosion
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Fig. 4 Glacial lake formation of glacier transport

and sedimentation"**
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The interaction mechanisms between mountain glacier evolution
and glacial lake development
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Abstract: The coupling process of the glacier and glacial lake is a significant component of the cryosphere mate-
rial and energy cycle, and it’s crucial for improving the theoretical system of cryosphere science and recognizing
the changing pattern of glacierized region, water cycle model, and disaster effect to depict the interaction mecha-
nism between glacier evolution and glacial lake development, systematically. Establishing the mountain glacier
evolution and glacial lake development process, this paper systematically summarizes the research advance of
the coupling process of the glacier and glacial lake, profiles the coupling mechanism of glaciation and glacial
lake development and the application of relevant models, and analyzes and summarizes the shortcomings and
challenges of the present research on the coupling mechanism of glacier evolution and glacial lake development.
The results suggest that the environmental topographic factors around the glacial lake parent glacier dominate the
glaciation process and glacial lake development, and constrain the characteristics of the lake basin. Glacier slope
(surface slope, bottom topography) controls glacier dynamics and influences glacial lake differentiation ; the sur-
rounding rocks participate in the glaciation process and directly constitute the glacial lake basin; glacier erosion,
transport, deposition, and ablation processes shape the landform and material transportation to provide multiple
topographic conditions for glacial lake development. The glacial lake basin receives water from all components
of the environment, which makes the depressions eventually develop into lakes. The runoff generation and con-
centration mechanism is closely related to the glacier runoff yield and concentration, where glacier ablation and
external water sources enter the glacier hydrological system, and the glacial lake basin converges and collects wa-
ter from the glacial sink path to form glacial lakes; the bottom of the glacial lake basin and the dam structure
formed by different glaciation control the glacial lake storage and discharge mechanism, which determines the
glacial lake dynamics and final development form. There are extensive and profound effects of glacial lake evolu-
tion on glacier dynamics. Glacial lake hydrodynamics control glacier ice flow, as manifested by the transient ac-
celeration of ice flow under the impact of drainage events, regulation of basal friction, and migration of ground-
ing lines; glacial lakes act on surface albedo, intra-ice heat transfer, and ice melting point to control mass bal-
ance and influence glacier thermal ablation mechanisms. The ablation of the submerged part of the ice body of
the incoming glacier is also influenced by a combination of elements such as topographic radiation, buoyancy,
geometry, and heat exchange in the glacial lake and its surrounding landscapes; changes in terminal morphologi-

cal features caused by rapid glacial lake drainage processes, glacial lake outbursts, and water pressure differenc-
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es at the ice-water interface may trigger glacial terminal disintegration. The improvement of glacier-glacial lake
interaction mechanism provides support for integrated numerical simulation and promotes model performance op-
timization and application. The simulation of coupled glacier-glacial lake process in the background of continu-
ous improvement of mathematical foundation and development of hardware performance gradually changes and
develops from empirical model and first-order approximation model to higher-order dynamics model, and gradu-
ally takes the parameters of debris coverage, intra-ice runoff, and grounding line into consideration, and the
method is gradually integrated and complicated. In summary, the glacial lake development process under glacia-
tion is the comprehensive effect of various elements. Relatively significant progress has been made in recent
years in glacier-glacial lake coupling mechanism research and numerical simulation, from single, qualitative re-
search to higher-order, quantitative research, and the methods are gradually integrated and complicated. Howev-
er, the theoretical system of glacier-glacier-lake-hazard is still not well developed, and the numerical simulations
still do not reflect all components integratingly. Exploring the knowledge of the mechanism of the glacier-glacier
lake coupling process will build the theoretical support for the improvement of numerical simulation and the en-
hancement of model accuracy and credibility, which will contribute to the enhancement of the credibility and ac-
curacy of numerical simulation and to the provision of data and theoretical basis for assessing the impact of gla-
cier-glacier-lake coupling process, establishing disaster monitoring and early warning system and taking adaptive
measures.

Key words: glaciers; glacial lake; lake basin; hydrological mechanism; glacier dynamics
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