


Article

Extended Data Fig. 4 | See next page for caption.



Extended Data Fig. 4 | Glacier mass-change estimates in comparison with 
IPCC results. Comparison of our combined annual glacier mass changes (in Gt) 
with mean annual mass-change rates (in Gt yr−1) from past IPCC reports15,16,47  
for regional aggregations at the global level (a), for Greenland and Antarctic 
periphery (c), regions with a large glacier area (e, excluding c), and regions with 
a small glacier area (g). The subplots on the right (b, d, f, h) show mean annual 
mass-change rates over the three IPCC assessment periods (AR5: 2003–2009, 

SROCC: 2006–2015, AR6: 2000–2019), and the GlaMBIE period (2000–2023). 
For the latter, we show our combined estimates (black line with grey error bars) 
together with the change rates from glaciological observations, DEM differencing, 
altimetry, and gravimetry, if available. We note that the long-term trends from 
glaciological observations and gravimetry in regions with a small glacier area 
were not used for the combined estimates. Uncertainties are shown for 95% 
confidence intervals.
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Extended Data Fig. 5 | Glacier mass-change observations and model 
projections. Comparison of observed cumulative glacier mass changes (in Gt, 
left y-axis) and corresponding cumulative sea-level equivalents (in mm, right 
y-axis) since 2000 with ensemble projections for 2007–2040 and 2040–2100 
from the glacier model intercomparison project (GlacierMIP2, based on CMIP5)12, 
as used in IPCC AR616 (a) and from a more recent model study (based on 

CMIP6)18 (b). Glacier mass-change observations (black line) are accompanied 
by their 95% confidence intervals (grey shading). For the projections, ensemble 
medians (blue and red lines) are shown with 90 percentile ranges (blue and red 
shadings) for low and high emission scenarios, respectively. Projections have 
been offset at their start date (2007) to fit the cumulative value of the observations. 
Regional comparisons are shown in Supplementary Information Figs. 20 and 21.



Extended Data Table 1 | Comparison of mass changes from glaciers and ice sheets

To compare mass changes for peripheral glaciers (from this study) and for ice sheets (from IMBIE17) in Greenland and Antarctica, we calculated mean annual change rates (Gt yr−1) for five-year 
periods from calendar years 2002 to 2021. Note that we corrected ice sheet estimates by −10 Gt yr−1 and −3 Gt yr−1 for the Greenland and Antarctica ice sheets, respectively, to account for the 
leaking effects of glacier signal into ice sheet estimates from gravimetry17. Uncertainties of glacier mass changes correspond to 95% confidence intervals, while ice sheet uncertainties are 
reported as one standard error17.
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Extended Data Table 2 | Regional and global differences between observation methods

Differences in specific glacier mass-change rates (ΔB, in m w.e. yr−1) from glaciological observations, altimetry, and gravimetry compared to DEM differencing. The differences are calculated 
from mean annual change rates over common survey periods (Extended Data Fig. 3) and shown with combined uncertainties (95% confidence interval). Values in bold indicate that the  
corresponding results were used to calculate our combined mass-change estimates. Over all regions, glaciological results are 0.10 m w.e. yr−1 more negative than DEM differences, while  
altimetry and gravimetry are less negative by 0.08 and 0.02 m w.e. yr−1, respectively.



Extended Data Table 3 | Glacier mass-change rates compared to IPCC results

Comparison of mean annual mass-change rates (in Gt yr−1) from past IPCC reports15,16,47 with our combined estimates over common survey periods, with relative differences (Δ) given as  
percentages and shown in bold when significant. The table compares global estimates for the last three IPCC reports and regional estimates for IPCC AR6. For the different emission scenarios 
from AR6, we compare our combined observational estimate with the model median over the common period from 2007 to 2023. In addition, we compare our observational estimate from 2015 
to 2023 with projected mass-change rates from 2015 to 2100 to put the observed annual change rates into the context of future emission scenarios. Uncertainties are given at 95% confidence 
intervals.
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Extended Data Table 4 | Regional glacier area and area-change rates

Regional and global glacier area and related (area weighted) reference years from Randolph Glacier Inventory (version 6.0)19, and (area weighted) mean annual change rates (percentage per 
year) from a compilation of (sub)regional glacier area-change assessments14,25.




