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Abstract: Lake Merzbacher, located in the central Tianshan Mountains, experiences frequent outburst events. The resulting glacial

lake outburst floods (GLOFs) pose a serious threat to water resource security in downstream basins. However, previous studies have
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not systematically examined the response mechanisms or early warning indicators of such events. Using multi-source remote sensing
images, meteorological reanalysis data, and hydrological station runoff records from 1990 to 2022, this study applied the NDWI
method combined with visual interpretation to construct a high-precision, high-temporal-resolution dataset of glacial lake boundaries
over the past 30 years. We also identified GLOF events and analyzed the evolutionary characteristics of the lake and its outburst
floods. Our results indicate that the lake area evolution consists of three distinct stages: rapid expansion (1990-1996), relative
stability (1997-2010), and structural transformation (2011-2022). Most GLOF events occur in July and August, accounting for 96%
of all recorded events, with an advancing trend of 7 days per decade. The flood peak discharge has increased at a rate of
approximately 66 m¥ per decade. Flood abruptness has also intensified, as reflected by a decreasing flood duration of 1.1 days per
decade. The overall magnitude of GLOFs has grown stronger since 2010. Furthermore, this study quantitatively analyzed the
relationships among maximum pre-outburst lake area, lake drainage volume, net peak discharge, and total flood volume. Based on
pre-outburst lake area, floating ice coverage, and variations in the 0 <C isotherm altitude, we established a set of multi-dimensional
early warning indicators for assessing outburst timing and flood magnitude. These findings can provide scientific support and
practical reference for GLOF forecasting, early warning, and disaster risk assessment.
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Fig. 1 Overview Map of the Study Area
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Tab. 1 Satellite Imagery and Recorded Outburst Flood Peaks
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Fig. 2 Basin morphology and area-volume relationship of Merzbacher Lake
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