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Glacier Changes and Resulting Hydrological
Consequences in the Himalayas (2000 —2100)

JIANG Jiajia, DUAN Keqin®, WANG Qiong, HE Jinping, DOU Mingyu, LI Chaogang

(School of Geography and Tourism, Shaanxi Normal University, Xi’an 710119, China)

Abstract; The Himalayas have the largest mountain glacier concentration in the mid-low latitudes, where glacial
meltwater predominately governs the water resource security of South Asia. Under global warming, the Himalayan
glaciers exhibit spatially heterogeneous responses, yet their glaciological trajectories and associated hydrological
consequences for the 21st century remained insufficiently quantified.

In this study, it integrated bias-corrected CMIP6 climate dataset with an improved Global PyGEM-OGGM

model, incorporating glacier dynamics and supraglacial debris thermodynamic effects, to project multi-parameter
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responses ( temperature, precipitation, glacier area, mass balance and runoff) of the Himalayan cryosphere under
the scenarios of SSP2-4.5/SSP5-8.5 from 2000 to 2100.

(1) The delta bias-corrected CMIP6 multi-model ensemble data demonstrated significant improvements in
climate simulation accuracy over the Himalayas during 1961 —2014, achieving marked reductions in simulation
errors for temperature ( bias; —0.02 C, RMSE: 0.41 °C) and precipitation ( bias; —22.31 mm, RMSE.
136. 55 mm). Concurrently, the Global PyGEM-OGGM data, validated using multi-source satellite fusion data
(2000 — 2019 ), exhibited exceptional performance in spatiotemporal simulations of glacier mass changes, with
correlation coefficients of 0. 59 and 0. 99 and RMSE of 0. 97 Gt and 0. 002 Gt, respectively. These results
collectively confirm that both datasets provide robust data support for regional climate change studies and glacier
evolution investigations.

(2) Regional warming rates of 0.28 °C/10a (SSP2-4.5) and 0.57 °C/10a (SSP5-8.5) drive cumulative
temperature rises of 2.45 °C/5.12 °C by the end of the 21st century relative to the early 21st century, triggering
glacier area losses of 70% /85% and accelerating mass balance deficits.

(3) A phased reversal in ablation patterns emerges. In eastern Himalayas glacier mass loss dominates during
2000 —2020, while post-2020, western Himalayas is expected to surpass the eastern counterparts under intensified
warming (0.29 °C/10a (SSP2-4.5) and 0.61 °C/10a (SSP5-8.5).

(4) Transboundary basins exhibit heterogeneous runoff responses, all following a trajectory of initial increase
followed by decrease. Peak meltwater discharge in the Indus River basin occurs at 2053 a £12 a (SSP2-4.5) and
2054 a +8 a (SSP5-8.5), whereas smaller glaciers in the Ganges River and the Yarlung Zangbo River basins show
earlier peaks: 2033 a+7 a (SSP2-4.5)/2046 a+7 a (SSP5-8.5) and 2031 a +6 a (SSP2-4.5)/2044 a+8 a
(SSP5-8.5) , respectively. By the end of the 21st century, the Yarlung Zangho River’s glacial runoff will decline to
40% of the baseline period (2000 —2009).

This study establishes a pattern of glacier change in the Himalayas in the 21st century, which can provide a
decision-making benchmark for the collaborative management of cross-border water resources and the formulation of

regional climate adaptation strategies.

Key words: glacier changes; hydrological consequence; CMIP6; the Himalayas
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