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Abstract. Glaciers exhibit region-specific mass loss patterns
in response to ongoing climate change. In this study, we pro-
vide a geodetic mass balance assessment for glaciers within
the Hindu Kush region spanning the period 1979–2002, uti-
lizing KH-9 panoramic imagery and SPOT-5 stereo satel-
lite imagery. Our analysis reveals a moderate mass loss of
−0.14±0.09 m w.e. a−1, a rate similar to post-2000 observa-
tions given their uncertainties. We found that debris-covered
glaciers and clean-ice glaciers experienced a nearly simi-
lar mass loss at the respective rates of −0.15± 0.08 and
−0.14± 0.11 m w.e. a−1, which is close to the regional mass
balance. However, we observe that most of the retreating
glaciers are clean-ice with the highest retreat of 2.4 km. Ad-
ditionally, we discuss and analyze the response of the surg-
ing glaciers, and observe a mass loss of −0.15± 0.12 and
−0.14±0.08 m w.e. a−1 for surging and non-surging glaciers,
respectively. These observations represent the first geodetic
mass balance estimates for the Eastern Hindu Kush prior to
2000, extending the temporal record of glacier change by two
decades and revealing that moderate mass loss has been sus-
tained since the late 1970s, similar to the post-2000 observa-
tions.

1 Introduction

The global acceleration in the mass loss of glaciers has be-
come a serious concern and is ascribed to the ongoing cli-
mate change (Hugonnet et al., 2021; Ciracì et al., 2020;
Gardner et al., 2013). However, in the High Mountain Asia
(HMA), historical images reveal that glaciers have been los-

ing mass since the 1960s (Bhattacharya et al., 2021; Zhao
et al., 2020; King et al., 2019; Maurer et al., 2019; Zhou et al.,
2017). Mountain glaciers of HMA are important freshwater
resource on which downstream communities are reliant for
drinking water, agriculture, power generation, and domestic
use. Increasing mass loss of these glaciers can cause disas-
trous effects such as floods, landslides and can eventually
deplete water resources leading to food and water insecurity
(Wang et al., 2024). The glacier response to climate change
is regionally heterogeneous varying from slightly positive
to highly negative mass changes and factors such as debris
cover and surge activity make the glacier response to climate
change further variable (Miles et al., 2021; Romshoo et al.,
2024; Zhao et al., 2024; Ke et al., 2024).

The Hindu Kush region is situated to the south of the
Pamir and west of the Karakoram, spanning the Pakistan-
Afghanistan border region (as shown in Fig. 1). The high-
est peak of Hindu Kush is Tirich Mir (7708 m), while most
glaciers are at elevations above 3000 m. The largest glacier,
the Atrak Glacier (see Fig. S1 in the Supplement), covers an
area of approximately 90 km2. The total area of the glaciers
in the Eastern Hindu Kush region is nearly 3000 km2. In this
study we focus on the region covering the border between
Pakistan (Chitral district) and Afghanistan (Wakhan corri-
dor), which contains the largest concentration of glaciers in
the Eastern Hindu Kush region. We provide mass balance of
265 glaciers covering an area of around 1050 km2. Accord-
ing to the surge glacier inventory of Guo et al. (2023), there
are nine surge-type glaciers (classified as verified and prob-
able in Guo et al., 2023) in this study area (see Fig. S2 in
the Supplement). Climatically, the Hindu Kush falls under
the influence of westerlies, receiving snowfall primarily dur-
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ing winter, whereas ablation primarily occurs from April to
October, lasting somewhat longer at lower elevations (Scher
et al., 2021). Glacier meltwater from this region feeds into
the Chitral River – also known as the Kunar or Kabul River
in subsequent regions – supplying freshwater resources to ar-
eas in Afghanistan and Pakistan before eventually joining the
Indus River. While studies have shown that the glaciers in the
Karakoram and Pamir have remained stable in the pre-2000
time period (Bhattacharya et al., 2021; Bolch et al., 2017;
Zhou et al., 2017), there is a scarcity of observations for the
Hindu Kush region. Therefore, in this study we focus on the
pre-2000 time period for Hindu Kush glaciers mass balance
estimation.

Regional glacier mass balance studies have estimated
a moderate mass loss in the Hindu Kush region. Specif-
ically, Brun et al. (2017) estimated a mass loss of
−0.12± 0.07 m w.e. a−1 from 2000–2016 using the Ad-
vanced Spaceborne Thermal Emission and Reflection Ra-
diometer (ASTER) stereo images, Shean et al. (2020) has
shown a mass loss of (−0.10± 0.07 m w.e. a−1) from 2000–
2018 using high resolution satellite stereo imagery and
ASTER Digital Elevation Models (DEMs), while (Hugonnet
et al., 2021) has computed a mass loss of −0.12±
0.06 m w.e. a−1 from 2000–2019 using ASTER DEMs. Dur-
ing the period 2000–2008, Scherler et al. (2011) also ob-
served stagnation or slow retreat in Hindu Kush. Wang et al.
(2017) show that 1 m anomaly in precipitation is associated
with 5.5± 1.6 m w.e. change in the Hindu Kush and also
observed an elevation change trend of −0.48± 0.24 m a−1.
Gardelle et al. (2013) observed a mass loss of −0.12±
0.16 m w.e. a−1 for the glaciers in north-eastern Hindu Kush
and that the thinning of clean-ice glaciers is higher compared
to debris-covered using SPOT-5 HRG stereo images and
SRTM. For almost the same glaciers, Lin et al. (2017) ob-
tained mass loss of−0.13±0.08 m w.e. a−1 using TerraSAR-
X/TanDEM-X and SRTM radar datasets whereas Zhou et al.
(2018) obtained a mass loss of −0.11± 0.13 m w.e. a−1 dur-
ing 1973–2000 using KH-9 mapping camera and SRTM.
Sarikaya et al. (2012) observed that retreating glaciers dom-
inated the Hindu Kush region from 1976–2007 using Land-
sat and ASTER images. Using ICESat-1, Kääb et al. (2012)
estimated high thinning (−0.49± 0.10 m a−1) during the pe-
riod 2003–2009. Only the study by Zhou et al. (2018) ex-
tends the mass balance of Hindu Kush glaciers before the
year 2000, which is based on the Chianter and neighboring
glaciers – the area is ambiguously known as Hindu Kush or
Hindu Raj; Gardelle et al. (2013) and Lin et al. (2017) also
uses similar sample of glaciers to represent the mass balance
of Hindu Kush. The current study analyses glaciers different
from Zhou et al. (2018), including a combination of debris-
covered and surge-type glaciers.

2 Data and Methods

This study employs the KH-9 panoramic imagery in con-
trast to the mapping camera used in previous studies; the
KH-9 panoramic cameras had a high spatial resolution of
around 60 cm. The KH-9 panoramic imagery of the study
area consists of seven stereo pairs from September 1979 (as
given in Table 1). The KH-9 DEM from this data was com-
puted following the Corona Stereo Pipeline (CoSP) (Ghuf-
far et al., 2022, 2023). GCPs were automatically extracted
using LightGlue (Lindenberger et al., 2023) and Sentinel-
2 imagery, while the dense matching was performed using
a variant of SGM implemented in MicMac (Rupnik et al.,
2017). The dense point cloud was registered to the reference
DEM using tile-based Least Squares Matching approach us-
ing 3D affine transformation and then interpolated into the
raster DEM.

To represent the post-2000 period, data acquired by the
High Resolution Stereoscopic (HRS) sensor onboard SPOT-
5 was used which contains two cameras pointed at 20° for-
ward and backward from the nadir and obtained data with a
resolution of 5 m× 10 m in the panchromatic band. Images
acquired before the accumulation season and with the least
cloud cover were searched. Based on availability, we used
SPOT-5 stereo images from October, 2002 and used Ames
Stereo Pipeline (ASP) for stereo processing. Semi Global
Matching (SGM) was employed for dense matching, and the
final DEMs were produced at 20 m resolution (Beyer et al.,
2018; Hirschmuller, 2007). The SPOT-5 DEM coregistration
was carried out based on stable terrain using the Nuth and
Kääb method (Nuth and Kääb, 2011) and bias correction was
applied where required.

The Shuttle Radar Topography Mission (SRTM) DEM
was used as reference for KH-9 and SPOT-5 DEM coregis-
tration. Randolph Glacier Inventory (RGI) version 7.0, which
is based on Landsat TM and ETM+ images mainly from
the year 2002, was used for glacier outlines. We modified
RGI outlines of the glaciers that retreated during the study
period to represent the glacier extent from 1979, as indi-
cated by the KH-9 orthoimages and DEMs. The RGI glacier
outlines were also edited to represent the termini positions
of some glaciers for the year 2002. The mass balance of
265 glaciers (size > 0.5 km2), which fall within the stereo
coverage of the scenes covering an area of approximately
1050 km2 are computed. The surging glacier inventory by
Guo et al. (2023) was used to identify surging glaciers. De-
bris cover was mapped using Landsat-7 ETM+ images from
August 2002. Clean ice and the debris-covered ice was differ-
entiated using Red/SWIR, and the pixels < 2 were taken as
debris-covered. Glaciers where debris cover constitutes more
than 15 % of the area are considered debris-covered.

After KH-9 and SPOT-5 DEM differencing, the values
outside ±150 m were removed from the elevation change,
assuming that glacier changes of such magnitude are un-
likely. The obtained elevation-change grid showed anoma-
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Figure 1. Glaciers of the Eastern Hindu Kush region. Mass balance is computed for glaciers which fall within the stereo coverage of both
KH-9 and SPOT-5 and have an area > 0.5 km2.

lously high negative values in the accumulation zone; these
values were removed by normalizing elevation and using a
sigmoid function (see the supplementary of Barandun et al.,
2021) to remove outliers (Pieczonka and Bolch, 2015). Next,
the values outside ±3 standard deviation from each 50 m el-
evation bin were removed for each glacier. Then,we removed
glaciers that lost > 30 % of data during the filtering process.
To fill the voids in the elevation change grid, Gap filling was
performed using local hypsometric interpolation (McNabb
et al., 2019). Voids occur in the DEMs due to occlusions and
lack of texture in the stereo images as well as due to the fil-
tering process.

The glacier mass balance was computed based on hypso-
metric bins at 50 m elevation intervals using the xDEM li-
brary (Dehecq et al., 2022).

To compute the uncertainty of individual glaciers, we
considered the stable surface at 1000 m buffer around each
glacier. Following (Rolstad et al., 2009) and (Fischer et al.,
2015), the random component of the elevation uncertainty is

σ1z,rand =
σstable√

5Aglac/(πL2)
, (1)

where σstable is the standard deviation of elevation differences
over stable terrain (see Fig. S3), Aglac is the glacier area, and
L is the spatial correlation length, assumed to be 500 m. The

systematic error was estimated as the mean elevation differ-
ence over the stable terrain, σ1z,sys =1zstable

The total elevation uncertainty for each glacier was then
obtained by combining the random and systematic compo-
nents in quadrature,

σ1z =

√
σ 2
1z,rand+ σ

2
1z,sys. (2)

The uncertainty in glacier volume change is σ1V = Aσ1z,
where A is the glacier area. The total mass-balance uncer-
tainty was calculated by propagating the uncertainties asso-
ciated with glacier volume change, the density conversion
factor (850± 60 kg m−3) (Huss, 2013), and glacier area as:

σḂ =
1

ρw1t

√(
σ1V f

A

)2

+

(
1V σf

A

)2

+

(
1V f σA

A2

)2

, (3)

where f = 850 kg m−3 is the density conversion factor, σf =
60 kg m−3 is its uncertainty, ρw = 1000 kg m−3 is the density
of water, 1t = 23 years is the observation period, and σA is
the absolute glacier-area uncertainty ( assumed to be 10 %).

For the uncertainty associated with glacier subgroups (e.g.,
debris-covered or surging glaciers) as well as region-wide
uncertainty, the error in elevation change (σ1z) was com-
puted separately across 50 m hypsometric bins (Gardelle
et al., 2013; Bolch et al., 2017; Ren et al., 2022) for the whole
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Table 1. Datasets.

Sensor Image ID Date Resolution (meters) Purpose

Hexagon KH-9∗

D3C1215-401412A002

11 Sep 1979 0.6 Elevation difference

D3C1215-401412A003
D3C1215-401412A004
D3C1215-401412A005
D3C1215-401412A006
D3C1215-401412A007
D3C1215-401412A008

SPOT-5

51922770210140608361S

14 Oct 2002 10 Elevation difference
51922770210140610082S
51922750210140608191S
51922750210140609512S

Landsat-7 ETM+
path 151 row 035

30 Aug 2002 30 Debris cover
path 151 row 034

∗ Only the aft images of KH-9 stereo pair are shown.

glacier area, followed by the bin area weighted aggregation.
For each 50 m elevation bin i, the effective number of inde-
pendent observations was calculated as

Neff,i =
Ntot,i PS

2L
, (4)

whereNtot,i is the number of valid stable-terrain pixels in the
elevation bin, PS is the pixel size (20 m), and L is the spa-
tial correlation length (500 m). The random and systematic
elevation errors were added in quadrature for each bin.

3 Results

During the period 1979–2002, mass balance of glaciers we
studied is −0.14± 0.09 m w.e. a−1, which corresponds to a
loss of nearly 3.4 Gt of mass over 23 years. For compari-
son, we computed the mass balance for glaciers in the cur-
rent study using elevation change grids from the post-2000
studies and observed that our results show similar mass loss
rate given the uncertainties of estimation (see Fig. S4 in the
Supplement).

In the studied region, some glaciers show high frontal thin-
ning, reaching an elevation change of below −3 m a−1. The
highest retreat of about 2.4 km was observed at Noroghikun
glacier (possible surging glacier according to Guo et al.,
2023), which caused its terminus to shift from an elevation of
3286 to 3640 m (see Fig. 2). Significant retreat of 1.3 km is
also observed at Kotgaz glacier where elevation of terminus
changed from 3450 to 3627 m. Kotgaz glacier also showed
high thinning with a mass loss at−0.22±0.10 m w.e. a−1 and
is one of the prominent retreating glaciers in the region. In the
studied region of the Hindu Kush, glacier retreat is generally
observed at elevations below 4400 m. RGI2000-v7.0-G-14-
01959 and RGI2000-v7.0-G-14-06147 (henceforth ids will
be refered to as G-14-06147) are from the few glaciers that

experienced retreat above 4200 m. During our analysis, we
observed that the post-retreat glacier termini did not match
the RGI outlines (also based on 2002), and we manually ad-
justed the termini positions for the year 2002.

The elevation of the Hindu Kush peaks at the Tirich
Mir which surrounds glaciers showing a variable and com-
plex melting pattern. Atrak and Tirich (also known as Up-
per Tirich glacier), which are the largest glaciers in the
study area, are losing mass at −0.23± 0.37 and −0.26±
0.09 m w.e. a−1 during the study period, respectively. The
Lower Tirich glacier (G-14-02464), which is crevassed with
a band-like appearance, shows high mass loss at −0.40±
0.27 m w.e. a−1. The North Barum glacier (G-14-02549)
shows a mass balance of −0.12± 0.16 m w.e. a−1 with re-
treat of 550 m, whereas its neighboring South Barum glacier
(G-14-02551) shows mass loss at −0.10± 0.18 m w.e. a−1.
The meltwater from North and South Barum glaciers drain
directly into the Barum Gol. Here, the Owir glacier (G-
14-02536) situated between South Barum and the Dirgol
glacier shows a mass loss at −0.24± 0.17 m w.e. a−1. In
contrast, the Dirgol glacier (G-14-02482) exhibits mass loss
at −0.12± 0.21 m w.e. a−1. G-14-02500 shows a high mass
loss at −0.52± 0.43 m w.e. a−1; the meltwater has created a
proglacial lake known as Pindoru chaat, which has under-
gone rapid expansion during the recent years. In contrast its
neighbouring glacier G-14-02522, which is also linked with
a proglacial lake, shows lake expansion during the study pe-
riod but exhibits stability after the post-2000 period. In the
westernmost part of the study area, G-14-06147 has a high
mass loss of −0.34± 0.16 m w.e. a−1 while the neighbor-
ing glaciers G-14-06056 and G-14-06098, which share al-
most the same attributes, show a relatively low mass loss
at −0.13± 0.17 and −0.27± 0.28 m w.e. a−1. Compared to
neighbouring glaciers, G-14-06147 has experienced higher
thinning in the ablation zone. Glaciers situated in the south-
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Figure 2. (a) Elevation change of the studied glaciers in Eastern Hindu Kush during 1979–2002, (b) and (c) show the retreat of Noroghikun
and Kotgaz glacier respectively. From (i) to (iii): orthoimage of KH-9, orthoimage of SPOT-5, glacier outlines before and after retreat and
elevation change at the front of glacier under retreat.
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east including the Khorabohr (G-14-03906), Gordoghan (G-
14-03931), and Phargram (G-14-03937), are also identified
with highly negative mass balance; meltwater from these
glaciers joins the Phargram Gol which is immediately con-
nected to a settlement area. In the studied region, most
glaciers show a negative mass balance, whereas mass gain
is generally observed at few glaciers in the study area; the
G-14-01968 and Kach glacier (G-14-01937) are among the
few largest glaciers that show positive mass balance.

The current analysis includes nine surge-type glaciers
classified as verified or probable according to Guo et al.
(2023), ranging in area from 3 to 82 km2. During the study
period, we observed a mass loss of −0.15± 0.12 m w.e. a−1

for surging glaciers and −0.14± 0.08 m w.e. a−1 for non-
surging glaciers. Most surging glaciers show a stable mass
balance; the Upper Tirich glacier, which is distinct in size,
shows the highest mass loss. The elevation profile of most
surging glaciers shows alternating bands of positive and neg-
ative elevation change. Thickening at the terminus with con-
comitant thinning in the upper part of the glacier is a common
observation among surging glaciers and may increase mass
loss of these glaciers in the subsequent years due to melt-
ing at the lower part. Thickening at the front of some surg-
ing glaciers, such as G-14-02385 and Chuttidum glacier (G-
14-01720), may indicate that the glacier has advanced dur-
ing the study period. The Upper Tirich glacier is the largest
surging glacier and the second largest among all glaciers. It
comprises six tributaries; its longest tributary extending to-
wards Tirich Mir indicates a surge-type elevation change pat-
tern. Noroghikun, a highly crevassed glacier, classified as a
possible surging glacier according to Guo et al. (2023), ob-
serves the highest retreat. G-14-01753 and G-14-02385 show
a prominent surge-type elevation change pattern with thick-
ening at the front and thinning at the upper part along with a
stable mass balance. In surging glaciers, only G-14-02321
exhibits thinning at the glacier terminus while also main-
taining a nearly stable mass balance. Most surging glaciers
showed a stable or melting behaviour whereas, no signifi-
cant mass gain was observed. Among all surging glaciers, the
fronts of G-14-02385, G-14-01461 and Noroghikun glacier
are extended at the elevations below 3900 m, which may un-
dergo higher melting at the lower parts of the glacier in re-
sponse to surge activity.

Debris cover is dominant in the ablation zone of glaciers
and has been related to the stability of glaciers due to its
role in preventing mass loss (Herreid et al., 2015). Debris-
covered glaciers are common in the Hindu Kush, nearly
27 % of the total glacier area in the studied region is debris-
covered. For most glaciers in the study area, debris cover is
between 0 %–30 %, whereas there are a few glaciers with
above 50 % debris cover (see Fig. 3). Debris-free glaciers
are mostly present at higher elevations compared to debris-
covered glaciers. Most of the retreating glaciers in the re-
gion are debris-free glaciers which have reportedly lost above
1 km2 of their glacier area. Glacier retreat is mainly ob-

served but is not restricted to debris-free glaciers. On the
other hand, a slight retreat is also observed on some debris-
covered glaciers. The elevation change profile of debris-
covered and debris-free glaciers differs at the glacier front,
possibly due to higher melting of debris-free glaciers. At
the glacier front, thinning and retreat are higher for debris-
free glaciers, whereas debris-covered glaciers mostly show
stable glacier fronts (Scherler et al., 2011). Debris-free and
debris-covered glaciers show almost similar rates of mass
loss at −0.14± 0.11 and −0.15± 0.08 m w.e. a−1 respec-
tively. Surging glaciers with the highest debris cover are G-
14-02385 and G-14-01461, which show a melting and sta-
ble behaviour respectively, whereas G-14-02399, a debris-
free surging glacier, shows stability during the study period.
G-14-02399 has most of its area situated at high elevations
which can play a role in stable mass balance. Stability of
some glaciers may be attributable to debris cover, such as
the Kach glacier which has 66 % debris cover. In contrast
Roshgol glacier (G-14-05949), which is 63 % debris cov-
ered, is losing mass at−0.15±0.18 m w.e. a−1. In the current
analysis, all surging glaciers are debris-covered except G-14-
02399 and the Noroghikun glacier. Debris cover thickness
plays an important role in the mass balance of glaciers, but
this information was not available for this study. Individually,
the mass balance of debris-covered and debris-free glaciers
shows high variability, while the mass balance when differ-
entiated between debris-covered and debris-free glaciers is
nearly the same.

4 Discussion

In this study, we present our results on mass balance for the
glaciers of Hindu Kush which contribute to extending the
existing knowledge regarding the state of these glaciers to
nearly two decades in the pre-2000 period. We employ state
of the art sensors available during the study period and report
the mass balance of glaciers which, to our knowledge, has not
been documented before. Our estimated mass loss is slightly
negative which is in agreement with Brun et al. (2017) ,
Shean et al. (2020), and Hugonnet et al. (2021) within their
respective uncertainties. Our results combined with litera-
ture, suggest that glaciers in Hindu Kush have maintained a
nearly stable rate of mass loss for at least four decades which
is in contrast with the accelerated mass loss generally ob-
served in parts of High Mountain Asia such as the Nyainqen-
tanglha and the Tien Shan (Bhattacharya et al., 2021). We
further re-assessed the retreating glaciers in the region and
estimate a higher retreat compared to previously documented
(Sarikaya et al., 2012).

Despite overall moderate mass balance conditions, the
mass balance of glaciers in Hindu Kush shows high vari-
ability. Generally, the mass balance variation is high in small
glaciers (area between 0.5–4 km2) but converges to a moder-
ate value as the glacier size increases. In the current analysis,
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Figure 3. (a) Histogram representing debris cover percentage and number of glaciers. (b) Debris cover percentage versus median elevation
of the glaciers as shown in bins of (a). (c) Elevation change rate at the terminus. (d) Elevation versus mean elevation change at 50 m elevation
bins and hypsometry for debris-covered and debris-free glaciers (non-surging).

we observed no substantial difference between the mass bal-
ance of debris-covered and debris-free glaciers. We further
observed that glaciers above 50 % debris cover are mostly
close to a stable mass balance whereas debris-free glaciers
mostly showed retreat. Variability in the mass balance of in-
dividual glaciers can also be driven by factors such as debris
cover thickness, and topography which affects precipitation
at local scale. The temperature and precipitation patterns ac-
quired from the meteorological station in Chitral show an in-
crease in temperature at 0.33 °C per decade, whereas precip-
itation has remained variable over time without any signif-
icant long-term trend (as shown in Fig. S5). Despite rising
temperatures in Upper Chitral, the glaciers have maintained
a moderate rate of mass loss. Generally, the lower part of
debris-covered glaciers is relatively stable compared to clean
ice, whereas the higher elevation parts of debris-covered and
debris-free glaciers show almost similar behaviour. The ef-
fect of rising temperature on glacier melting is either mod-
erated by precipitation or due to the debris cover of glaciers.
The mass balance of Hindu Kush glaciers have a strong re-
lation with precipitation which depends on the westerly pat-

terns of the region (Wang et al., 2017). Debris cover adds un-
certainty in the estimation of glacier retreat as it introduces
a discrepancy between the mapped debris cover and glacier
extent (Shokory and Lane, 2023). Our estimation of glacier
retreat is mainly guided by elevation change, along with the
orthoimages. Our manual re-adjustment of glacier outlines
has limitations due to medium resolution of elevation change
and SPOT-5 orthoimages, and a lack of spectral analysis. El-
evation change without additional information does not pro-
vide an accurate estimate of retreat as the distinction between
glacier retreat and thinning becomes unclear.

5 Conclusions

In this work, we studied the mass balance of glaciers in
the Eastern Hindu Kush during the period 1979–2002. In-
dividually, the glaciers of the region exhibit high vari-
ability, whereas the regional mass balance is estimated at
−0.14± 0.09 m w.e. a−1 during the study period. We ob-
served that some glaciers experience retreat; the highest re-
treat of 2.4 and 1.3 km is observed at Noroghikun and Kotgaz
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glaciers, respectively. The study region includes nine surging
glaciers, which show a mass loss of −0.15±0.12 m w.e. a−1

whereas non-surging glaciers show mass loss at −0.14±
0.08 m w.e. a−1. In terms of debris cover, glaciers in the study
area range from debris-free to above 60 % debris-covered
glaciers. In general, debris-free and debris-covered glaciers
show nearly the same rate of mass loss occurring at a moder-
ate rate, while debris-free glaciers experienced the highest re-
treat. Our estimated mass balance for the Hindu Kush region
is slightly more negative as compared to Brun et al. (2017),
Hugonnet et al. (2021), and Shean et al. (2020) but is within
the respective uncertainties.
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