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Extended DataFig. 4 |See next page for caption.



Extended DataFig. 4 |Glacier mass-change estimates in comparison with
IPCCresults. Comparison of our combined annual glacier mass changes (in Gt)
with mean annual mass-change rates (in Gt yr™) from past IPCC reports'*'¢4’
forregional aggregations at the global level (a), for Greenland and Antarctic
periphery (c), regions with alarge glacier area (e, excluding c¢), and regions with
asmallglacier area(g). The subplotsontheright (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 thelatter, we show our combined estimates (black line with grey error bars)
togetherwiththe change rates fromglaciological observations, DEM differencing,
altimetry, and gravimetry, if available. We note that the long-term trends from
glaciological observationsand gravimetry inregions withasmall glacier area
were not used for the combined estimates. Uncertainties are shown for 95%
confidenceintervals.
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Extended DataFig. 5| Glacier mass-change observations and model CMIP6)*8 (b). Glacier mass-change observations (black line) are accompanied
projections. Comparison of observed cumulative glacier mass changes (in Gt, by their 95% confidence intervals (grey shading). For the projections, ensemble
left y-axis) and corresponding cumulative sea-level equivalents (inmm, right medians (blue and red lines) are shown with 90 percentile ranges (blue and red
y-axis) since2000 with ensemble projections for2007-2040 and 2040-2100 shadings) for low and high emission scenarios, respectively. Projections have

from the glacier modelintercomparison project (GlacierMIP2,based on CMIP5)"?,  beenoffsetat their start date (2007) to fit the cumulative value of the observations.
asused inIPCC AR6" (a) and from amore recent model study (based on Regional comparisons are shownin Supplementary Information Figs. 20 and 21.



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

Period Glaciers, Glaciers, Glaciers, Ice Sheet, Ice Sheet,
global total Greenland Antarctic & Greenland Antarctica
Periphery Subantarctic Islands

(Gtyr™ (Gtyr™" (Gtyr™ (Gtyr™" (Gtyr™

2002-2006 -229 + 34 -18+ 15 -24 +19 -170 £ 39 -59 + 41
2007-2011 -266 + 32 -54 + 14 -2+17 -270 + 38 =127 £45
2012-2016 -254 + 30 -29+13 0+17 -203 +40 =147 £ 43
2017-2021* -299 + 32 -29+14 -28+18 -247 £ 42 -112 + 55
2002-2021° -262 + 16 =32+ 7 -13+ 9 -223 + 20 -111+23

For ice sheets, rates are calculated for 2017-2020* and 2002-2020°.

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

Region AB glaciological-DEM diff. AB altimetry—-DEM diff. ~ AB gravimetry—DEM diff.
(mw.e. yr) (mw.e.yr) (mw.e.yr)
01 Alaska 0.04 +0.13 0.17 £0.14 0.24 £ 0.07
02 Western Canada & USA 0.07 £0.15 0.19£0.12 -0.16 £ 0.35
03 Arctic Canada North -0.12 +0.08 0.06 £ 0.03 0.00 £ 0.03
04 Arctic Canada South 0.22 +0.09 0.17 £ 0.06 0.08 + 0.06
05 Greenland Periphery -0.37 £ 0.09 0.11 +0.06
06 Iceland 0.06 +0.12 0.09 £0.10 0.03 £0.07
07 Svalbard & Jan Mayen -0.23 +0.09 0.04 £ 0.05 0.00 £ 0.03
08 Scandinavia -0.13 +0.08 1.70 £ 1.02
09 Russian Arctic -0.36 £ 0.09 -0.01 £ 0.04 -0.02 £ 0.03
10 North Asia 0.06 +0.09 1.17 £1.50
11 Central Europe -0.07 £0.09 0.43 +0.96
12 Caucasus & Middle East 0.00 £ 0.09 0.30 £0.71
13 Central Asia -0.25+£0.08 0.04 +0.04 0.03+0.12
14 South Asia West -0.56 +0.09 0.01 £0.06 -0.06 +£0.10
15 South Asia East -0.35+0.09 0.00 + 0.06 0.14 £ 0.21
16 Low Latitudes -0.61+0.10 -1.93+2.75
17 Southern Andes 0.11+0.16 0.07 £0.20 -0.22+0.25
18 New Zealand 0.53 +0.11 0.48 +1.16
19 Antarctic & Subantarctic Islands 0.08 £ 0.09 0.15 £ 0.05
Global (arithmetic) mean -0.10 +0.10 0.08 + 0.08 0.02 + 0.08

Differences in specific glacier mass-change rates (AB, in m w.e. yr') 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 0.10m w.e. yr”' more negative than DEM differences, while
altimetry and gravimetry are less negative by 0.08 and 0.02m w.e. yr™, respectively.



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

Source Period Mass change (IPCC) Mass change (this study) A
(Gtyr™) (Gtyr™) (%)

IPCC AR5, WG1, Table 4.4, observations 2003-2009 -259 + 28 -250 + 27 +3%
IPCC SROCC, Table 2 A.1, observations 2006-2015 -278 £ 113 -254 + 22 +9%
IPCC AR6, WG1, Chapter 9.5.1, observations 2000-2019 -266 + 16 -246 + 17 +8%
01 Alaska 2000-2019 -66.8 +5.2 -61.7+7.0 +8%
02 Western Canada & USA 2000-2019 -71+25 -7.1+0.9 +0%
03 Arctic Canada North 2000-2019 -30.5+2.1 -29.6+29 +3%
04 Arctic Canada South 2000-2019 -26.6+2.0 -232+24 +13%
05 Greenland Periphery 2000-2019 -38.6+3.6 -306+7.2 +21%
06 Iceland 2000-2019 -95+1.1 -84+13 +11%
07 Svalbard & Jan Mayen 2000-2019 -9.2+6.1 -10.7+1.5 -16%
08 Scandinavia 2000-2019 -1.7+0.2 -1.7+01 +1%
09 Russian Arctic 2000-2019 -10.3+1.0 -122+22 -19%
10 North Asia 2000-2019 -1.2+£0.2 -1.3+£0.1 -4%
11 Central Europe 2000-2019 -16+0.5 -1.7+0.1 -6%
12 Caucasus & Middle East 2000-2019 -0.6+0.1 -0.7+0.1 -18%
13-15 High Mountain Asia 2000-2019 -20.0+3.9 -19.0+34 +5%
16 Low Latitudes 2000-2019 -1.1+£0.1 -0.9+0.1 +20%
17 Southern Andes 2000-2019 -21.2+6.8 -2565+6.7 -20%
18 New Zealand 2000-2019 -0.8+0.1 -0.8+0.1 +4%
19 Antarctic & Subantarctic Islands 2000-2019 -226+27 -10.6 £9.0 +53%
IPCC ARG, WG1, Figure 9.21, model median 2007-2023 -347 £ 125 -300+19 +16%
IPCC ARG, WG1, Table 9.SM.2, RCP 2.6 2015-2100 -333 + 236 (2015-2023:) =323 + 27 +3%
IPCC AR6, WG1, Table 9.SM.2, RCP 4.5 2015-2100 -502 + 316 (2015-2023:) =323 + 27 +36%
IPCC AR6, WG1, Table 9.SM.2, RCP 8.5 2015-2100 -670 + 363 (2015-2023:) =323 + 27 +52%

Comparison of mean annual mass-change rates (in Gt yr™") from past IPCC reports''®*’ with our combined estimates over common survey periods, with relative differences (A) 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 ARG, 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

Region Glacier area Reference year Area change rate

(km?) (year) (% yr™)
01 Alaska 86,725 2008 -0.48
02 Western Canada & USA 14,524 2001 -0.54
03 Arctic Canada North 105,111 1999 -0.07
04 Arctic Canada South 40,888 2000 -0.08
05 Greenland Periphery 89,717 2000 -0.82
06 Iceland 11,060 1999 -0.36
07 Svalbard & Jan Mayen 33,959 2006 -0.26
08 Scandinavia 2,949 2002 -0.27
09 Russian Arctic 51,592 2001 -0.08
10 North Asia 2,410 2008 -0.43
11 Central Europe 2,092 2003 -0.93
12 Caucasus & Middle East 1,307 1997 -0.53
13 Central Asia 49,303 2005 -0.18
14 South Asia West 33,568 2000 -0.36
15 South Asia East 14,734 2003 -0.47
16 Low Latitudes 2,341 2001 -1.19
17 Southern Andes 29,429 2000 -0.18
18 New Zealand 1,162 1978 -0.69
19 Antarctic & Subantarctic Islands 132,867 1986 -0.27
Global 705,738 1999 -0.32

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





