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1.  The updated data set  

The raw data set consists of observed AAR (%) and mass balance ( ) for 144 

GIC (125 glaciers and 19 ice caps) during 1971–2010. The data are tabulated in Sheet A 

(AAR and mass balance) of the Excel file, Mernild_etal_TC.auxiliary_data.xls. Most of 

the data are from a database established by the World Glacier Monitoring Service and 

described in published bulletins (WGMS, 2012). These data are listed without shading. 

The AAR values with grey shading are from Bahr et al. (2009), and the mass balance 

values with yellow shading are from Dyurgerov and Meier (2005). The data with blue 

shading were received from investigators during the preparation of this paper (see Sect. 12 

of Supplementary Material). We found that the data set used by Bahr et al. (2009) 

generally omits AARs for glaciers with net ablation at all elevations (hence AAR=0) in a 

particular year. Including these values lowers the mean AAR. One glacier, Urumqihe S. 

No. 1, split into two branches in 1995. The AAR and mass balance from 1995 onward 

were derived by averaging observations from the two branches. 

kg m-2  yr-1

Based on Radić and Hock (2010), we divided the Earth’s glaciated regions into 

eight high-mass regions (with an ice volume V ) and eight low-mass regions 

(V ); see Fig. 1 of the main text.  The data set includes 38 GIC in high-mass 

regions (Arctic Canada, Antarctica, Alaska, Greenland, Russian Arctic, Central Asia, 

Svalbard, and Southern Andes) and 106 GIC in low-mass regions (Iceland, W. 

Canada/U.S., Northern Andes, Central Europe, Scandinavia, North Asia, Caucasus, and 

New Zealand).  

> 5,000 km3

< 5,000 km3

 

2. Estimating AAR0
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 The computed values of AAR0 were obtained by linear regression of AAR against 

mass balance, as illustrated in Fig. S1. These AAR

26 

27 

28 

0 values are listed in Sheet B (AAR0 

calculations) along with r2 for each linear regression (where r is the regression coefficient). 

Instances of AAR = 0 and  were excluded from the regressions (but included 

for the broader analysis), since AAR and mass balance are not related linearly when net 

ablation occurs at all elevations or when net accumulation occurs at all elevations. The 

greater the number of observations, the smaller the value of r required for significance. The 

data set includes only GIC for which the linear relationship is significant at the 10% level 

or better, based on a linear regression t-test. The mean AAR

AAR = 100%29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

0 for the data set is 55 ± 2%, 

slightly below previous estimates of 58% from theory (Bahr et al., 1997) and 58  

from observations (Dyurgerov et al., 2009; Dyurgerov, 2010). Following Dyurgerov et al. 

(2009), we assumed that AAR

±1%

0 does not change in time. 

 

3.  Uncertainty ranges and significance levels  

Uncertainties computed from our data set and stated in the text correspond to a 95% 

confidence interval, or 1.96 times the standard error. The computation of standard errors is 

described in detail below. Uncertainty ranges in other published work may not be directly 

comparable. BDM, for example, expressed uncertainties as plus or minus one standard 

error, corresponding to a 68% confidence interval. Thus the uncertainty ranges we 

computed are larger than the BDM ranges for two reasons: (1) the confidence interval is 

larger, and (2) we computed global uncertainties by propagating uncertainties from 

individual regions, as described below, whereas BDM assumed that their GIC sample was 

globally representative. 
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 Trends labeled as significant are significant at the 1% level or better. Trends 

labeled insignificant do not pass any significance tests at a level of 10% of better. The term 

“likely” denotes 66–100% probability (Mastrandrea et al., 2010). 

49 

50 

51 

52 

53 

54 

 

4.  All GIC: alpha, pA, pV calculations  

The first section of Sheet C (All GIC – alpha, pA, pV) shows values of 

α = AAR / AAR0  for the full data set. For each year i, the annual mean α  is found by 

averaging over N

55 

56 i values: 

 α i =
α ni

n=1

Ni

∑
Ni

, (1) 57 

where α ni denotes the value for glacier n in year i. The variance for each year is computed 

as 

58 

59 

 σ i
2 =

1
Ni −1

(α ni
n=1

Ni

∑ −α i )
2 , (2) 60 

61 resulting in a standard error of 

 δα i =
σ i

Ni

. (3) 62 

63 

64 

The annual values and running 10-year means are shown in Fig. 3 of the main text.  

Arithmetic means for the full data set were computed for four 10-year windows: 

1971–1980, 1981–1990, 1991–2000, and 2001–2010. Decadal means α n  for each glacier 

are shown in Sheet C. For the full data set we computed a mean 

65 

α  of 0.93 ± 0.06, 0.85 ± 

0.06, 0.83 ± 0.07, and 0.59 ± 0.05 during the 1970s, 1980s, 1990s, and 2000s, respectively. 

Suppose that for a given glacier n, we have measurements in M

66 

67 

68 

69 

n out of 10 years 

(1 ). In order for each measurement to be weighted equally, glaciers with more ≤ M n ≤ 10
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measurements receive greater weight than those with fewer measurements. Thus the 

decadal mean for the data set is computed as 

70 

71 

 α =
fn

n=1

N

∑ α n

N f

, (4) 72 

where , fn = M n /10 α n is given by 73 

 α n =
α ni

i=1

Mn

∑
M n

, (5) 74 

75 

76 

77 

78 

79 

80 

and 

 . (6) N f = fn
n=1

N

∑

Equation (4) is equivalent to the arithmetic mean of all measurements, with each 

measurement weighted equally. We can think of  as the equivalent number of glaciers; 

it is equal to the total number of measurements divided by the number of years. The 

variance is given by  

N f

 σ 2 =
1

N f −1
fn(α n

n=1

N

∑ −α )2 , (7) 81 

82 and the standard error is 

 δα =
σ
N f

. (8) 83 

84 

85 

The arithmetic mean AAR and its standard error, shown in the second section of Sheet C 

for 2001–2010 only, are computed analogously. 

To assess the data for size biases, we plotted the mean value of α  for each glacier 

(Sheet C) against the log of glacier area (Sheet A). As shown in Fig. S2, the correlation is 

slightly positive (

86 

87 

r2 = 0.03) but statistically insignificant (p > 0.10). The correlation 

between 

88 

α  and glacier area (Sheet A) is also insignificant. A positive correlation between 89 
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glacier area and the change in α  (relative to the equilibrium value of 1.0) would be 

expected if (1) larger glaciers have greater elevation ranges than smaller glaciers, (2) for a 

given lifting of the equilibrium line altitude (ELA), the AAR decreases less for glaciers 

with large elevation ranges than for glaciers with small elevation ranges, and (3) the 

average lifting of the ELA in a warming climate is independent of glacier size. The lack of 

a significant correlation between glacier area and 

90 

91 

92 

93 

94 

α  suggests that one or more of these 

assumptions does not apply to the observed GIC. We checked for area-range bias (i.e., a 

violation of the first assumption) by comparing plots of glacier area vs. elevation range for 

(1) the observed GIC and (2) more than 100,000 GIC in the World Glacier Inventory 

(Cogley et al., 2009b). We did not find evidence of a significant bias. 

95 

96 

97 

98 

99 

100 The next sections of Sheet C show the 2001–2010 arithmetic mean values of pA and 

pV for the full data set. BDM showed that for a given glacier or ice cap, pA = α −1 and 

,  where 

101 

pV = α γ −1 α = AAR / AAR0  and γ  is the exponent in the glacier volume-area 

scaling relationship, V

102 

= cAγ (Bahr et al., 1997). Data and theory suggest γ = 1.25  for ice 

caps and 

103 

γ = 1.36  for glaciers. Thus pV depends on γbut not on the poorly constrained 

constant c, and p

104 

105 

106 

A is independent of both c and γ. We compute means of pA and pV first for 

glaciers, then separately for ice caps. (In the text below, we generally refer to “glaciers”, 

but the same analysis applies to ice caps with the appropriate value of γ .) For a single 

glacier we have 

107 

pAn = α n −1 and pVn = α n
γ −1, where α n  is the mean value of α  for 

glacier n over the decade. Suppose we have at least one 

108 

α  value during the decade for 

each of N glaciers. To give greater weight to glaciers with more measurements, we 

compute the decadal mean

109 

110 

pA  and pV  as 111 

 pA =
fnα n

n=1

N

∑
N f

−1 (9) 112 
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and  113 

 pV =
fnα n

γ

n=1

N

∑
N f

−1, (10) 114 

The variance associated with pA  is  115 

 σ 2
pA

=
1

N f −1
fn(α n

n=1

N

∑ −α )2 , (11) 116 

117 and the variance associated with  is pV

 σ 2
pV

=
1

N f −1
fn (α γ

n
n=1

N

∑ −α γ )2. (12) 118 

119 The standard errors are 

 δ pA =
σ pA

N f

 (13) 120 

121 and 

 δ pV =
σ pV

N f

. (14) 122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

If these data are taken to be globally representative, as assumed by BDM, then we 

compute that the Earth’s glaciers must lose 44 ± 6% of their area and 51 ± 7% of their 

volume, and ice caps must lose 32 ± 9% of their area and 38 ± 10% of their volume, to 

reach equilibrium with the climate of the past decade. As discussed in the main text, 

however, these estimates may be geographically biased. 

 

5.  Pentadal mass balance calculations 

Sheet D (Pentadal mass balance) shows pentadal average mass balances for the full 

data set during 1971–2010, with each mass-balance measurement weighted equally (Table 

S1). 
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 133 

134 

135 

136 

137 

138 

6.  High-mass regional calculations 

Sheet E (High mass regions) is similar to sheet C, except that it includes only the 

38 GIC in high-mass regions, defined as regions with a total GIC volume of at least 5,000 

km3 as estimated by Radić and Hock (2010). These regions are Arctic Canada, Antarctica, 

Alaska, Greenland, the Russian Arctic, Central Asia, Svalbard, and the Southern Andes. 

The first three sections show AAR, mass balance, and α , respectively. Decadal mean 

values of 

139 

α , pA , and  and the associated standard errors are shown in Sheet E. These 

are the “method 2” averages cited in the text. The arithmetic mean and 10-year running 

mean are shown in Fig. 3 of the main text, where the 40-year linear trend (1971–2010) and 

two 20-year linear trends (1971–1990 and 1991–2010) of the mean values are illustrated in 

Sheet E. We used a t-test to determine significance. The 1970–2009 and 1990–2009 trends 

are statistically significant at the 1% level, whereas the 1970–1989 trend is insignificant at 

the 10% level. In the last section of Sheet E, we repeated the annual mean and trend 

calculations for the 11 GIC in high-mass regions with observations in all four decades, to 

assess the effect on the trends of the changing composition of the data set. The trends are 

very similar to those computed for all 38 GIC. 

pV140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

The mean α  is closely related to the mean mass balance. Figure S4 shows that the 

annual average mass balance values computed for the full data set of Sheet D are closely 

correlated (

150 

151 

r2 = 0.82) with the annual average α  values of Sheet C. A similar high 

correlation (

152 

r2 = 0.75) holds for the GIC in high-mass regions, with annual values of mass 

balance and 

153 

α  computed on Sheet E. A mass-balance decrease of 100 kg m-2 yr-1 is 

associated with a decrease of about 0.06 in 

154 

α . 155 

156 

157 

 

7.  Regional mass balance calculations 
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Sheet F (Regional mass balance) shows the average mass balance during 2001–

2010 for each of 14 regions (Table S2), the estimated GIC area in the region (Radić and 

Hock, 2010) and the corresponding fraction of the Earth’s total GIC area. For the past 

decade the data set has no observations from the Russian Arctic, which contains an 

estimated 8% of global GIC area, or from North Asia, which contains much less than 1%. 

For purposes of regional upscaling, we used Svalbard (which is climatically similar) as a 

surrogate for the Russian Arctic, and we neglected North Asia. Thus the regional area 

fractions are relative to a global total that omits the small GIC area in North Asia. The 

global average mass balance is computed as 

158 

159 

160 

161 

162 

163 

164 

165 

166 

 bglobal = wAn
n

∑ bn , (15) 167 

where wAn  is the fractional area weight for region n, and  is the mean mass balance. 

Sheet F shows the global average mass balance computed for the full decade, for each of 

two pentads, and for the period 2003–2010 (corresponding to Jacob et al. (2012)).  To 

convert the results of Jacob et al. (2012) to an area-average mass balance, we divided the 

estimated mass loss of 148 by an estimated GIC area (Radić and Hock, 2010) 

of , excluding peripheral Greenland and Antarctic glaciers. 

bn168 

169 

170 

171 

172 

173 

174 

175 

± 30 Gt yr-1

511×103  km2

 

8.  Regional alpha calculations 

Sheet G (Regional alpha) shows regional mean values of α  in 2001–2010 for the 

same 14 regions (Table 1 in the main text). Again, Svalbard is used as a surrogate for the 

Russian Arctic, and North Asia is neglected. Decadal mean 

176 

177 

α  for each glacier and ice cap 

are shown in Sheet G. Measurements of 

178 

α  were averaged, with each measurement 

weighted equally, to obtain the regional means 

179 

α n . The estimated area and volume losses 

per region are 

180 

pAn = α n −1 and pVn = α n( )γ n −1, where γ n  is estimated as described below. 181 
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The upscaled global estimates are obtained by summing over regions, with each regional 

value weighted by the estimated total GIC area in the region (for 

182 

α  and pA ) and total 

volume (for ): 

183 

184 pV

 pAglobal = wAn
n

∑ pAn, (16) 185 

 pVglobal = wVn
n

∑ pVn . (17) 186 

187 The upscaled values, with errors, are shown in Sheet G. The regional area and volume 

weights, wAn  and , are also shown in Sheet G.   wVn188 

189  The errors for these global estimates are given by 

 δ pAglobal( )2
= (wAnδ pAn )2

n
∑ , (18) 190 

 δ pVglobal( )2
= (wVnδ pVn )2

n
∑ , (19) 191 

where δ pAn  and δ pVn  are the regional errors. For each region we have δ pAn = δα n, where 192 

δαn  (shown in column V) is estimated by the following method. We subsampled GIC in 

two well-represented regions, Central Europe and W. Canada/U.S.  For 2001–2010 we 

considered  glaciers with continuous records in Central Europe, and  glaciers 

with continuous records in Western Canada/U.S. The full samples per region provide 

reference mean values of 

193 

194 

195 

196 

n = 15 n = 14

α  for each region. For each region we computed means for all 

possible subsamples containing 1 to 

197 

n −1 glaciers. We then plotted the difference between 198 

α  of each subsample and α  of the full sample (Fig. S3a). The spread of differences as a 

function of subsample size gives an estimate of 

199 

δαn in poorly sampled regions with small 

spatial area (Iceland, Svalbard, Northern Andes, Caucasus and New Zealand). For regions 

containing more than 10 glaciers with observed AAR (Central Europe, Scandinavia and 

European Alps) we assigned an error based on a subsample size of 12. All errors are 

derived as root-mean-square-errors, RMSE, at 95% confidence interval. Based on the data 

200 

201 

202 

203 

204 
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from Central Europe, which has a wider spread of differences than W. Canada/U.S., the 

errors (values of n shown in parentheses) are: Iceland (10), δα = 0.09; Svalbard (6), δα = 

0.15; Northern Andes (4), δα = 0.21; Caucasus (2), δα = 0.32; New Zealand (1), δα = 0.47; 

Central Europe (19), Scandinavia (18) and W. Canada/U.S. (18), δα = 0.06.  

205 

206 

207 

208 

209 

210 

211 

For poorly sampled regions covering large spatial area (Central Asia, Alaska, 

Antarctica, Arctic Canada, the Southern Andes, and Greenland), we carried out the same 

analysis but using two combined regions: (1) Central Europe and Scandinavia; and (2) W. 

Canada/U.S. and Alaska (Fig. S3b). Thus, in addition to n = 15  glaciers from Central 

Europe we included  glaciers from Scandinavia; and in addition to  glaciers 

from W. Canada/U.S. we included 

212 

213 n = 5 n = 14

n = 2  glaciers from Alaska. For each of these two 

extended regions we carried out a correlation analysis and showed that time series of α are 

not significantly correlated when the distance between glaciers exceeds ~300 km (Fig. S5). 

Therefore, the glacier sampling in the combined regions is representative for poorly 

sampled regions covering large spatial area whose glaciers experience different climatic 

regimes within the region. Based on the data from Central Europe and Scandinavia (which 

has a wider spread of differences than W. Canada/U.S. and Alaska), the errors at 95% 

confidence interval (values of n shown in parentheses) are: Central Asia (7), δα = 0.16; 

Alaska and Antarctica (3), δα = 0.28; Arctic Canada (2), δα = 0.35; Greenland and 

Southern Andes (1), δα = 0.51. 

214 

215 

216 

217 

218 

219 

220 

221 

222 

223 

Since  is a function of both pV α  and γ , the regional errors δ pVn  depend on both 224 

δαn  and δγ n : 225 

 (δ pVn )2 =
∂pV

∂α
⎛
⎝⎜

⎞
⎠⎟ αn

2

(δα n )2 +
∂ pV

∂γ
⎛
⎝⎜

⎞
⎠⎟ γ n

2

(δγ n )2 , (20) 226 

where α  and γ  are best estimates. Evaluating the derivatives, this becomes 227 

 (δ pVn )2 = γ n  α n
γ −1γ −1( )2

(δα n )2 + α n
γ ln(α n )( )2

(δγ n )2 . (21) 228 
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We estimated γ n  and δγ n  as explained in the next section.  229 

230 

231 

232 

233 

234 

235 

236 

 

9.  Glacier vs. ice cap partitioning  

Drawing from existing glacier inventories (Cogley, 2009b), we tabulated the total 

number of GIC and the number of ice caps in each region (Table S3). Ice cap fraction 

numbers are also shown in Sheet H (G vs. IC partition). Regions with relatively few ice 

caps (less than 1% of the total number of GIC in the regional inventory) were assumed to 

have most of their volume contained in glaciers. For these regions we assumed 

γ = 1.36 ± 0.02 , where the error corresponds roughly to the difference between the 

observed value of 1.36 for valley glaciers and the theoretical value (Bahr et al., 1997) of 

1.375. For regions where at least 1% of the GIC are classified as ice caps, we assumed 

237 

238 

239 

γ = 1.31 ± 0.05  to reflect an uncertain partitioning of volume between glaciers and ice caps. 

(Because ice caps can be much larger than typical glaciers, a relatively small number of ice 

caps can contain a substantial fraction of a region’s volume. BDM, for example, estimated 

that 53% of total GIC volume is contained in ice caps and 47% in glaciers, although there 

are many more glaciers than ice caps.) A more complete analysis would use scaling 

relationships to estimate the total glacier and ice cap volume in each region. Existing 

inventories, however, do not contain complete lists of glaciers and ice caps in all regions, 

nor do all GIC fall clearly into one category or the other.  

240 

241 

242 

243 

244 

245 

246 

247 

248 Although the partitioning between glaciers and ice caps is only approximate, our 

results are not sensitive to the details of this partitioning. The errors δ pVn  are dominated by 

the term containing 

249 

δαn (the first term on the RHS of Eq. (21)), with much smaller 

contributions from the term containing 

250 

δγ n  (the second term on the RHS of Eq. (21)). 251 

252 

253 

 

10.  Future mean alpha 
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To estimate future values of the global mean α , we took αglobal = 0.70 ± 0.10 as a 

best estimate for 2005. We applied the 40-year trend (

254 

−0.0052 ± 0.0033 yr-1) shown in 

sheet E for the 38 high-mass GIC (method 2). Extending this trend for 35 years gives a 

decrease of − , resulting in α

255 

256 

257 0.18 ± 0.12 global = 0.52 ± 0.16 by 2040. We set 

pVglobal = αglobal( )γ
−1, with γ = 1.31 ± 0.05  to reflect an uncertain partitioning of volume 

between glaciers and ice caps. The error δ

258 

259 

260 

Pvglobal = 0.17 was calculated in analogy to Eq. 

(20): 

 (δ pV )2 =
∂ pV

∂α
⎛
⎝⎜

⎞
⎠⎟ α

2

(δα )2 +
∂pV

∂γ
⎛
⎝⎜

⎞
⎠⎟ γ

2

(δγ )2 . (22) 261 

262 

263 

264 

265 

 

11.  Glacier volume response times 

The volume response time for a glacier, defined as the time scale for exponential 

adjustment to a new steady-state volume following a mass-balance perturbation, can be 

estimated as , where H is a thickness scale (e.g., mean glacier thickness) and 

b

266 

267 

268 

269 

270 

271 

272 

T is the mass balance at the terminus (Jóhannesson et al., 1989). For typical glaciers with 

thicknesses of 100 to 500 m and terminus melt rates of 1 to 5 m yr-1, the response time is 

on the order of 100 yr.  The mean terminus melt rate for our data set is ~3 m yr-1, as shown 

in Sheet I (Terminus mass balance). 

Bahr and Radić (2012) showed that the fraction of total volume contained in 

glaciers of area less than Amin is given to a good approximation by  

 Θ =
Amin

Amax

⎛
⎝⎜

⎞
⎠⎟

γ −β+1

, (23) 273 

where Amax is the area of the largest glaciers, γ = 1.375  is the exponent in the volume-area 

scaling relationship 

274 

V ∝ Aγ , and β = 2.1 is the exponent in the power law , N(A) ∝ A−β275 
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which predicts the number of glaciers N of size A. Volume-area scaling implies h ∝ Aγ −1, 

where h is the mean ice thickness.  Therefore 

276 

277 

 Θ =
hmin

hmax

⎛
⎝⎜

⎞
⎠⎟

γ −β+1
γ −1

. (24) 278 

279 The largest glaciers and ice caps have a thickness of about 1000 m. Setting hmin = 500 m 

and hmax = 1000 m in Eq. (24), we obtain Θ = 0.60 , implying that approximately 60% of 

total glacier volume resides in glaciers thinner than 500 m. This analysis suggests that 

glaciers with response times on the order of a century or less contain a majority of the 

Earth’s total glacier volume. 

280 

281 

282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 
293 

294 

295 

296 

297 

298 

299 

300 

 

12.  Contributing investigators 

 The principal investigators for the glaciers and ice caps in the WGMS database are 

listed in WGMS (2012) and earlier bulletins. We have supplemented the WGMS database 

with data compiled by Mark Dyurgerov (Dyurgerov et al., 2005; Bahr et al., 2009). In 

addition, we thank the following investigators for providing us with data not previously in 

the WGMS database: 

• Pedro Skvarca: Bahia Del Diablo 

• Andrea Fischer and Gerhard Markl: Hintereisferner, Jamtalferner, 
Kesselwandferner 

• Heinz Slupetzky: Sonnblickkees 

• Ludwig N. Braun: Vernagtferner 

• Reinhard Böhm and Wolfgang Schöner: Goldbergkees, Klienfleisskees, Wurtenkees 

• Javier C. Mendoza Rodríguez and Bernard Francou: Charquini Sur, Zongo 

• Alex Gardner: Devon Ice Cap NW 

• Graham Cogley: White 

• Bolívar Cáceres Correa and Bernard Francou : Antizana 15 Alpha 
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• Niels Tvis Knudsen: Mittivakkat 301 

302 
303 

304 

305 

306 

307 

308 
309 

310 

311 

312 

313 

314 

315 

316 

317 

318 

319 

320 

321 
322 

323 

324 

325 

• Finnur Pálsson, Helgi Björnsson, and Hannes Haraldsson: Brúarjökull, 
Eyjabakkajökull, Köldukvíslarjökull, Langjökull S. Dome, Tungnaárjökull 

• Þorsteinn Þorsteinsson: Hofsjökull N, Hofsjökull E, Hofsjökull SW 

• Luca Carturan: Carèser  

• Luca Mercalli: Ciardoney  

• Gian Carlo Rossi and Gian Luigi Franchi: Malavalle, Pendente 

• Bjarne Kjøllmoen: Ålfotbreen, Breidalblikkbrea, Gråfjellsbrea, Langfjordjøkelen, 
Nigardsbreen 

• Hallgeir Elvehøy: Austdalsbreen, Engabreen, Hardangerjøkulen 

• Liss M. Andreassen: Gråsubreen, Hellstugubreen, Storbreen 

• Jack Kohler: Austre Brøggerbreen, Kongsvegen, Midtre Lovénbreen 

• Piotr Glowacki and Dariusz Puczko: Hansbreen 

• Ireneusz Sobota: Waldemarbreen 

• O.V. Rototayeva: Garabashi 

• Yu K. Narozhniy: Leviy Aktru, Maliy Aktru, and No. 125 

• Miguel Arenillas: Maladeta 

• Peter Jansson: Mårmaglaciären, Rabots glaciär, Riukojietna, Storglaciären 

• Giovanni Kappenberger and Giacomo Casartelli: Basòdino 

• Martin Funk and Andreas Bauder: Gries, Silvretta 

• Mauri Pelto: Columbia (2057), Daniels, Easton, Foss, Ice Worm, Lower Curtis, 
Lynch, Rainbow, Sholes, Yawning, Lemon Creek  

• Jon Riedel: Noisy Creek, North Klawatti, Sandalee, Silver 

• Rod March and Shad O’Neel: Gulkana, Wolverine 

• William R. Bidlake: South Cascade  
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Supplementary Tables 326 

327 

328 
329 

 

Table S1.  Pentadal global mean mass balance (kg m-2 yr-1), 1971–2010, for the updated 
data set (methods 1 –3) and for Kaser et al. (2006) and Cogley (2012). 

Method or 
published study  

1971– 
1975 

1976–
1980 

1981–
1985 

1986–
1990 

1991–
1995 

1996–
2000 

2001–
2005 

2006–
2010 

Kaser et al. 
(2006) 

-90 -310 -237 -258 -286 -483 -510  

Cogley (2012) -213 -414 -360 -338 -334 -526 -748 -487 

 Method 1 (all 
GIC) -44 -195 -203 -245 -278 -365 -885 -708 

Method 2 (high-
mass regions) -282 -330 -215 -201 -312 -428 -534 -386 

Method 3 
(regional 

upscaling) 
      -441 -429 
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Table S2.  Regional mean mass balance and α for 2001–
2010, with the number of observed GIC per region shown 
in parentheses.

330 
331 
332  

Region 

  

Mean mass 
balance 

(kg m-2 yr-1) 
Mean α  

Alaska (3) -686 0.89 
W. Canada/U.S. (19) -989 0.57 
Arctic Canada (2) -275 0.60 
Greenland (1) -986 0.34 
Iceland (10) -1063 0.72 
Svalbard (6) -471 0.49 
Scandinavia (18) -826 0.53 
Central Europe (19) -905 0.47 
Caucasus (2) -271 0.81 
Central Asia (7) -538 0.80 
Northern Andes (4) -835 0.71 
Southern Andes (1) -207 0.71 
New Zealand (1) -152 0.92 
Antarctic (3) -131 0.89 
 333 
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Table S3.  Estimated ice cap fraction for each 
region, based on Cogley (2009b). 

334 
335 

Region Ice cap fraction 

Alaska 0.001 
W. Canada/U.S. 0.000 
Arctic Canada 0.041 

Greenland 0.167 
Iceland 0.250 

Svalbard/Russian Arctic 0.110 
Scandinavia 0.018 
North Asia 0.016 

Central Europe 0.001 
Caucasus 0.007 

Central Asia 0.012 
Northern Andes 0.006 
Southern Andes 0.010 

New Zealand 0.000 
Antarctic 0.255 
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Supplementary Figures 336 

337  

 338 

339 

340 

341 

342 

343 

344 

345 

 

Fig. S1. Linear regression of AAR against mass balance for Silvretta glacier. The y-

intercept is AAR0, the equilibrium value of AAR. Each diamond represents one year of 

data. 
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 346 

347 

348 

 

Fig. S2. Linear relation between the log of area (km2) and the 2001–2010 mean 

α = AAR/AAR0  for 96 GIC with observations in the past decade. Each diamond 

represents one glacier or ice cap. The correlation between 

349 

α  and the log of area, although 

slightly positive (

350 

r2 = 0.03), is insignificant (p > 0.10), suggesting that a bias toward 

smaller glaciers does not imply a bias in 

351 

α . 352 

353  

 19



 354 

355  

Fig. S3. Spread of decadal mean α  as a function of subsample size in well-sampled 

regions. This plot shows the maximum difference between subsample mean 

356 

α  and 

reference 

357 

α  as a function of the number of glaciers in the subsample for: (a) two well-

sampled regions, region 1: Central Europe and region 2: W. Canada/U.S, and (b) the same 

regions but extended, region 3: Central Europe and Scandinavia and region 4: W. 

Canada/U.S. and Alaska. The reference 

358 

359 

360 

α  is the mean of the full sample, which includes 

glaciers with continuous AAR series during 2001–2010. In red is the difference range at 

95% confidence interval (1.96 × standard deviation) from region 1 and region 3.  

361 

362 

363 

 20



 364 

 365 

366  

Fig. S4. Linear relation between average mass balance and average α , 1971–2010. Each 

diamond represents the average of all GIC observations for one year. The red diamonds 

denote averages over the full data set, and the blue diamonds denote averages over the GIC 

in high-mass regions only. The regression line is forced to pass through the point . 

Both correlations are significant (p < 0.01), as determined from the squared correlation 

coefficient, r

367 

368 

369 

370 

371 

372 

y = 1.0

2. A change in mass balance of 100  is associated with a change in  kg m-2  yr-1

α  of about 0.06. 373 

 21



 374 

 375 

376 

377 

378 

379 

380 

 

Fig. S5. Correlation between α time series (2001–2010) of any two glaciers in a region 

versus the distance between the two glaciers. (a) Region 3: Central Europe (15 glaciers) 

and Scandinavia (5 glaciers), (b) region 4: W. Canada/U.S. (14 glaciers) and Alaska (2 

glaciers).  
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