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1.  Purpose 
 
This is the ECV inventory document (EID) of the X-ECV Karakoram Anomaly project. It is 
listing characteristics of the datasets to be used for the project along with their URLs. For a 
better description in a table, the datasets are sorted into three categories (glacier, climate and 
auxiliary data). All datasets are made internally available for further processing. 
 

2.  Introduction 
 
To model glacier mass balance, we need several input datasets. Some are related to glacier 
extents and characteristics, others to climate and auxiliary datasets. We have grouped them 
into these three categories and list here the original datasets and their sources as used as the 
main input for the project. Several of these datasets will be modified in a second step to get 
them fit for purpose, i.e. suitable for application in the mass balance model and for further 
analysis. These adjustments will be described in a further document, the ‘Fit for Purpose Re-
port’ or F4PR [RD1]. In cases where several input datasets are available for a specific appli-
cation (e.g. reanalysis datasets) and the one to be selected is yet unclear, several of them are 
listed here.  
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3.  Glacier data 
3.1 Overview 
Several of the glacier-related datasets have been derived from satellite data. These can be 
sorted into glacier outlines, surge inventories, debris cover (extent and thickness), geodetic 
mass balance, snow cover and flow velocities. The datasets differ in format (vector, raster), 
temporal coverage (single year, time series) and spatial coverage (Karakoram, HMA, global) 
and thus in file size. Table 1 provides the sources to the files without considering that we will 
extract spatial and/or temporal subsets for our applications and analysis in a second step.  
 
Table 1: Glacier-related datasets, mostly derived from EO data. Datasets G1 & G2 are in 
vector, all others are in raster format. The URL for all datasets is listed below the table. 
ID Type Region Epoch Description Reference URL 

G1 Glacier outlines RGI 14 1999-2005 Outlines & divides by Sakai 2019 RGI 7.0 1 
G2 Surge inventory Karakoram historic & 

1990-2015 
Surge info from the literature & analysis 
of Landsat time-series 

Bhambri et 
al. 2017 

2 

G3a Debris extent global 2013-2017 Landsat 8 & Sentinel-2 (based on RGI 
6.0 outlines – mapped clean ice) 

Scherler et 
al. 2018 

3 

G3b Debris extent global  updated RGI 6.0 extents (if >1 km2), 
255 hand-selected Landsat images 

Herreid & P. 
2020 

4 

G3c Debris extent Karakoram 1990-2022 Part of the surface classification. (G6a) Glaciers_cci 5 
G4a Debris thickness Global 2013-2018 Inversion from dh/dt & flux divergence + 

Landsat 8 temperature, see webpage 
Rounce et 
al. 2021 

6 

G4b Debris thickness Baltoro 2004 Field data and ASTER-derived map Mihalcea et 
al. 2008 

7 

G5a Mass balance global 2000-2019 
(5 yr steps) 

Time-series processing of ASTER data, 
global dataset 

Hugonnet et 
al. 2021 

8 

G5b Mass balance Karakoram 2000-2010-
2010-2016 

From ASTER & SPOT DEMs, csv file 
for 403 glaciers, dh/dt grid upon request 

Berthier & 
Brun 2019 

9 

G5c Mass balance HMA 2000-2018 From World View & ASTER DEMs  Shean et al. 
2020 

10 

G6a Snow cover Karakoram 1990-2022 Time series from Landsat & Sentinel-2 Glaciers_cci 11 
G6b Snow cover Hunza basin 2013 For comparison, data from author upon 

request 
Racoviteanu 
et al. 2019 

12 

G6c Snow cover HMA 2000-2022 Daily seasonal snow cover outside 
mountain regions from MODIS for long 
term trend  

Schwaizer et 
al. 2024 

13 

G7a Velocity global 2017/18 Composite from Sentinel-1/2, & 
Landsat 8 at 50 m res. 

Millan et al. 
2022 

14 

G7b Velocity HMA 1985-2017 Annual maps from Landsat data (240 m 
res.), available through ITS-LIVE 

Dehecq et 
al. 2019 

15 

G7c Velocity Karakoram 2007-2011 Composite from SAR data Rankl et al. 
2014 

16 

G7d Velocity Karakoram 2007-2011 Summer & winter maps ALOS PALSAR 
FBD / FBS data at 100 m res. 

Glaciers_cci  17 

G7e Velocity Global 1985-
present 

Annual maps from Landsat, Sentinel-
1/2 (240 m res.), incl. instant global 
data access to flow speed time-series 

Gardner et 
al. 2019 

18 

G8a Ablation data Baltoro July 2004 Ablation rates over 11 d for 23 points, 
request coordinates & elevation 

Mihalcea et 
al. 2008 

19 

G8b Accumulation Urduk 
Glacier 

2006 240/330/225/160 mm we at 5300 m per 
season, request coordinates 

Mayer et al. 
2014 

20 
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Dataset URL: 
1: https://nsidc.org/data/nsidc-0770/versions/7 
2: https://doi.org/10.1038/s41598-017-15473-8 (Suppl. Table S1 was converted to a shapefile) 
3: https://dataservices.gfz-potsdam.de/panmetaworks/showshort.php?id=escidoc:3473902 
4: https://zenodo.org/records/3866466 
5: Internal ftp-server 
6: https://nsidc.org/data/hma_dte/versions/1 
7: https://doi.org/10.3189/172756406781812104 (data in publication, grid: ask Milano) 
8: https://doi. org/10.6096/13 
9: https://doi.org/10.1017/jog.2019.32 
10: https://zenodo.org/ record/3600624, DEM data: https://nsidc. org/data/highmountainasia 
11: Internal-ftp server 
12: https://doi.org/10.3389/feart.2019.00220 
13: https://catalogue.ceda.ac.uk/uuid/80567d38de3f4b038ee6e6e53ed1af8a/ 
14: https://doi.org/10.6096/1007 
15: https://its-live.jpl.nasa.gov 
16: https://www.fau.eu/2021/08/news/research/tracking-glacial-velocity-online 
17: https://glaciers-cci.enveo.at 
18: https://its-live.jpl.nasa.gov 
19: from paper 
20: from paper 

3.2 Short descriptions 
14: A comprehensive high-resolution mapping of ice motion for 98% of the world’s total 
glacier area during the period 2017–2018, presented by Millan et al. (2022), was used to make 
an improved estimate of the bed of the world’s glaciers to generate an estimate of global ice 
volume that reconciles ice thickness distribution with glacier dynamics and surface topogra-
phy. 
 
15: Observations of changes in ice flow for all glaciers in High Mountain Asia over the period 
2000–2017, based on one million pairs of optical satellite images, were compiled by Dehecq 
et al. (2019). 
 
16: Rankl et al. (2014) compiled velocity measurements from SAR sensors in the period 
2007–2011 , giving priority in subsequent order to the highest resolution, the best SNR, and 
closest acquisition date. 
 
17: Flow velocities in the Karakoram region from ALOS-1 PALSAR-1 summer FBD data 
and winter FBS images between 2007 and 2010. 
 
18: ITS_LIVE provides low-delay measurements of glacier and ice sheet surface velocity 
from 1985 to present across the globe. These data are currently based on Landsat 5, 7, 8 and 
9, Sentinel-2 and Sentinel-1 images. Data with a spatial resolution of 240 m can be down-
loaded and explored from NASA’s Jet Propulsion Laboratory, California Institute of Tech-
nology website. 
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4.  Climate data 
4.1 Overview 
Climate data are available from climate stations (point data at a certain elevation) or so-called 
reanalysis datasets (raster data of global scale) that are derived from back-calculating atmos-
pheric conditions (for several elevations or pressure levels) by assimilating observations on 
the ground (climate stations) and in the air (radiosondes, airplanes) using weather forecast 
models. In this way, gaps in climate station coverage are filled by interpolation using physical 
principles (e.g. atmospheric motion). Due to different methods and models being applied as 
well as the rapid development in available computer power, reanalysis datasets are constantly 
improved (e.g. in spatial and temporal resolution). European reanalysis datasets evolved from 
ERA-40 to ERA-Interim to ERA5 Land. The latter provides a wide range of variables every 
hour since 1950 at about 9 km spatial resolution. These datasets might be aggregated to daily 
means and will be used to force the mass balance model and analyse climatic trends. 
 
For practical purposes, the variables of interest have been extracted from these datasets and 
were aggregated over longer time periods, e.g. as seasonal, annual or multi-annual mean val-
ues over a given period of time. Of particular interest for this project are the related precipita-
tion climatologies, which provide mean values of total precipitation over a given region. Most 
of these datasets have already been evaluated in the literature (e.g. Dahri et al. 2016, Liu and 
Margulis 2019) and we will come back to the related results when selecting specific ones for 
our applications (in the mass balance model for the Karakoram and the lager trends in HMA). 
 
Table 2: Climate-related datasets and their sources. The URL for all datasets is listed below 
the table. P clim: precipitation climatology. 

ID Type Name Region Epoch Description Reference URL 
C1 P clim. TRMM 3b43 global 1998-present Monthly precip at 0.25° 

from EO & station data 
Huffman et al. 
2007 

1 

C2 P clim. WFDEI global 1979-present Combines ERA-Interrim 
(C4) with CRU & GPCC  

Wedon et al. 
2014 

2 

C3 Reanalysis HAR2 HMA 1980- 
2023 

See Section 4.2 Maussion et al. 
2014, Wang et 
al. 2020 

3 

C4 Reanalysis ERA Interrim global 1979- 2019 See Section 4.2 Dee et al. 2011 4 
C5a Reanalysis ERA 5 global 1950 - pre-

sent 
See Section 4.2, 31 km 
res., hourly 

Hersbach et al. 
2020 

5 

C5b Reanalysis ERA 5 Land global 1950 - pre-
sent 

See Section 4.2, 9 km 
res., hourly 

Munoz-Sabater 
et al. 2021 

6 

C6 Reanalysis MERRA-2 global from 1980  See Section 4.2 Gelaro et al. 
2017 

7 

C7 Reanalysis JRA-55 global from 1958 See Section 4.2 Kobayashi et al. 
2015 

8 

C8 Station T, P Meteo data Pakistan 1954 (1995) 
- present 

From PMD & WAPDA cited in many 
stusies 

9 

C9 Station Urdukas & K2 
Base Camp 

Baltoro since 2004, 
interuptions 

At 4022 and 5033 m 
operated by EVK2CNR 

via colleagues 
from Milan 

10 

C10 Cloud properties 
(e.g. cloud cover) 

AVHRR-PMv3 global 1982-2016 
(2020) 

See Section 4.2 Stengel et al. 
(2020) 

11 

C11 Cloud properties 
(e.g. cloud dover) 

SLSTR global 2017-2024 Currently developed for 
C3S; avail. in July 2025 

TBD 12 
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Dataset URL: 
1: several sources 
2: ftp site, to be checked 
3: https://www.tu.berlin/en/klima/research/regional-climatology/high-asia/har  
4: 3/6-hourly data: https://rda.ucar.edu/datasets/d627000/,  
    monthly: http://rda.ucar.edu/datasets/ds627.1/  
5: https://cds.climate.copernicus.eu/datasets?q=ERA5  
6: https://cds.climate.copernicus.eu/datasets?q=ERA5 
7: Description, access links: https://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/data_access/  
8: 3/6-hourly data: https://rda.ucar.edu/datasets/d628000/, 
    monthly: https://rda.ucar.edu/datasets/d628001/  
9: pmd.gov.pk, wapda.gov.pk 
10: https://geoportal.mountaingenius.org/portal 
11: https://doi.org/10.5676/DWD/ESA_Cloud_cci/AVHRR-PM/V003 
12: TBD 

4.2 Short descriptions 
Below, we provide some further details to the datasets presented in Table 2 (sorted by ID). 
C3: The High Asia Refined Analysis version 2 (HAR v2), TU Berlin at 10 km resolution. 
Compared to the old version, HAR v2 has a higher resolution, an extended domain and longer 
temporal coverage. Generated by dynamical downscaling using WRF, forced by ERA5 data 
and using snow depths from JRA-55 (since ERA5 overestimates snow depth over the Tibetan 
Plateau, Orsolini et al. 2019). 
 
C4: ECMWF reanalysis available at sub-daily, daily and monthly intervals and at spatial reso-
lution of 0.75° (about 79 km) now replaced by ERA5. Assimilates snow cover from the IMS 
product at 24 km resolution since 2004 and has been found to provide more realistic precipita-
tion/snow values over the TP than ERA5 (Orsolini et al., 2019), but did not represent decadal 
precipitation trends that could explain lake level changes (Treichler et al. 2019). 
 
C5a/b: Most recent version of ECMWF’s reanalysis, produced by C3S. ERA5-Land is a dy-
namically downscaled version at higher resolution (ca. 9 km) than ERA 5 (31 km) but the lat-
ter has 131 elevation levels whereas ERA5-land only refers to the surface. Generally found to 
overestimate precipitation in many parts of HMA, but to underestimate high-altitude precipi-
tation (Liu and Margulis 2019). According to Orsolini et al. (2019): “Unlike ERA-I, IMS data 
are not used above 1500!m, i.e. in high altitude regions, which includes the TP. No station da-
ta over the TP are used. Unlike ERA-I, the snow depth analysis is not relaxed toward a clima-
tology when observations are unavailable.” 
 
C6: NASA Modern-Era Retrospective analysis for Research and Applications, Version 2 
(MERRA-2). Performs an online correction for precipitation using data from the NOAA Cli-
mate Prediction Center (Unified Gauge-Based Analysis of Global Daily Precipitation CPCU, 
Merged Analysis of Precipitation CMAP). Found to represent more realistic snow volumes 
(Orsolini et al. 2019), high-altitude precipitation (Liu and Margulis 2019) and precipitation 
patterns that fit lake level changes (Treichler et al., 2019) compared to other reanalyses. 
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C7: The Japanese reanalysis JRA-55 includes an interpolation-based snow depth analysis and 
incorporates snow satellite information (SSM/I, SSMIS) and in situ observations of snow 
depth over the TP. It showed improved performance in representing snow cover/volumes 
(Orsolini et al. 2019). 
 
C11: The Cloud_cci AVHRR-PMv3 dataset (covering 1982-2016, unofficial extension until 
2020) was generated within the Cloud_cci project. This dataset is based on AVHRR (onboard 
NOAA-7, NOAA-9, NOAA-11, NOAA-14, NOAA-16, NOAA-18, NOAA-19) measure-
ments and contains a variety of cloud properties which were derived employing the Commu-
nity Cloud retrieval for Climate (CC4CL; Sus et al., 2018; McGarragh et al., 2018) retrieval 
framework. The core cloud properties contained in the Cloud_cci AVHRR-PMv3 dataset are 
cloud mask/fraction, cloud phase, cloud top pressure/height/temperature, cloud optical thick-
ness, cloud effective radius and cloud liquid/ice water path. Spectral cloud albedo is also in-
cluded as experimental product. The cloud properties are available at different processing lev-
els: Level-3U (globally gridded, unaveraged data fields at 0.05°) and Level-3C (monthly av-
erages and histograms at 0.5°). Pixel-based uncertainty estimates come along with all proper-
ties and are also propagated into Level-3C data. More details on the dataset can be found in 
Stengel et al. (2020). 
 
C12: Dataset will be a successor of the CCI SLSTR cloud data currently available through 
C3S (https://cds.climate.copernicus.eu/datasets/satellite-cloud-properties?tab=overview) with 
higher spatial resolution, though, covering a short period. 
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5.  Auxiliary data 
5.1 Overview 
The two main auxiliary datasets to be used for the project are a digital elevation model (DEM) 
and information about lake levels and extent, both listed in Table 4. Whereas DEM coverage 
will be restricted to the Karakoram perimeter, lake data will primarily be analysed outside the 
Karakoram, i.e. the Tibetan Plateau where most lakes are endorheic. For the DEM we will use 
already compiled datasets as is, lake data stem from various projects, mostly using optical 
sensors (Landsat, Sentinel-2) for extent and a range of altimetry sensors for lake level. Spatial 
altimetry allows the measurement of water level in rivers, lakes and floodplains. Since the 
early 1990s, several altimetry satellites have been launched, as shown in Fig. 5.1.  
 

 
Fig. 5.1: Timeline for satellite altimeters. Dashed lines correspond to major orbit changes. 
 
Their main objective is to measure ocean height, but their altimetry measurements can also be 
used to measure continental water levels (inland seas, rivers, lakes, flooded areas, reservoirs). 
The products are an important complement or even an alternative to in situ measurements, 
especially in regions where ground-based networks are either non-existent or degrading. Used 
in conjunction with other hydrological data and hydrological model outputs, these data make 
a valuable contribution to the study of the water cycle and the quantification of water re-
sources. Due to their launch date, lifetime and orbit, a virtual station on a lake has been pro-
vided with partial or full coverage since 1992. The main altimetry satellites, their operation 
time and repeat period are provided in Table 3. 
 
Table 3: Characteristics of main altimetry satellites. 

Nr. Satellite Operation 
Repeat 

Period (d) 
1 Topex/Poseidon 1992-2002 10 

 Jason-1 2002-2008 10  

 Jason-2/OSTM 2008-2016 10  

 Jason-3 2016-current 10  

 Sentinel-6A MF 2020-current 10  

 Sentinel-3A 2016-current 27  

 Sentinel-3B 2018-current 27  

 ERS-1 1992-1993, 
1995-1996 

35  

 ERS-2 1996-2003 35  

 ENVISAT 2002-2010 35  

 SARAL 2013-2016 35  
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Table 4: Auxiliary datasets to be used in the project. The URL for all datasets is listed below 
the table. 
ID Type Name Region Epoch Description Reference URL 

D1 DEM Copernicus 
DEM GLO-30 

Global 12/2010-
01/2015 

Global Digital Surface 
Model with 1‘’ pixel spacing 
referring to the EGM2008 

see URL 1 

D2 DEM SRTM DEM Global Feb. 2000 Near global (60° N – 57° S) 
DEM at 1” resolution 

see URL 2 

L1 Lake extent Lake_cci LWE Global varies see Section 5.2 Lake_cci 3 
L2 Lake level Lake_cci LWL Global varies see Section 5.2 Lake_cci 4 
L3 Lake level / vol-

ume 
Hy-
droWEB.next 

Global varies see Section 5.2 Crétaux et et 
al. 2011 

5 

L4 Lake level C3S Lakes Global 1992- now see Section 5.2 C3S Lakes 6 
L5 Lake level DAHITI Global varies see Section 5.2 Schwatke et 

al. 2015 
7 

L6 Lake level G-REALM Global varies see Section 5.2 Birkett & 
Beckley 2010 

8 

L7 Lake level / ex-
tent / volume 

TPlakes TP 1990-2015 see Section 5.2 Treichler et al. 
2019 

9 

L8 Lake extent Global Surface 
Water Explorer 

Global 1984-2021 see Section 5.2 Pekel et al. 
2016 

10 

L9 Lake extent TPlakes TP 1920-2020 see Section 5.2 Zhang et al. 
2021 

11 

 
Dataset URL: 
D1: https://doi.org/10.5270/ESA-c5d3d65 (dataspace.copernicus.eu) 
D2: earthdata.nasa.gov, also void filled 90 m version 4.1 from CGIAR (various sources) 
L1: https://climate.esa.int/en/projects/lakes/key-documents-lakes/ 
L3: https://hydroweb.next.theia-land.fr/ 
L4: Data / description: 10.24381/cds.5714c668 
L5: https://dahiti.dgfi.tum.de/en/  
L6: https://ipad.fas.usda.gov/cropexplorer/global_reservoir/  
L7: dataset: 10.5281/zenodo.15015078 
L8: https://global-surface-water.appspot.com/map  
L9: dataset: https://doi.org/10.5281/zenodo.4678104  

5.2 Short descriptions 
Below, we provide some further details to the datasets presented in Table 4 (sorted by ID). 
 
L1/L2: The ESA Lakes_cci project aims at gathering a compact dataset of water height and 
extent (among other ECVs) on 2024 lakes spread worldwide. The Lake Water Level (LWL) is 
estimated from altimetry measurement, and the Lake Water Extent (LWE) is derived from a 
hypsometric curve established from both altimetry and Sentinel-2 data (more info on the 
ATBD: https://climate.esa.int/en/projects/lakes/key-documents-lakes/). Other alternatives may 
provide LWL data if a lake of interest is not covered: 
 
L3, HydroWEB.next: With the HydroWEB.next service (https://hydroweb.next.theia-land.fr/ 
– Crétaux et al., 2011) hosted on the platform of the national French THEIA cluster and oper-
ated by CLS, LEGOS-CNES has been developing, since 2003, a database of water level var-
iations on lakes and rivers around the world based on satellite altimetry. As of March 2023, 
12,546 virtual stations are monitored on rivers and 442 on lakes, all available in HydroWEB, 
in operational mode (real-time update) or in delayed mode. In addition, changes in extent and 
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volume are also measured for some of them. These observations allow the construction of 
long time series of water levels over continental surface waters.This database includes the 
Lakes_CCI water level time series. (Ref: Crétaux et al., 2011) 
 
L4, C3S Lakes: In the frame of the C3S Lakes (Copernicus Climate Change Service), virtual 
stations on lakes are provided by CLS. They encompass the 311 lakes available on Hydroweb, 
but also more than 8,000 virtual stations on small lakes (more info on 
https://cds.climate.copernicus.eu/datasets/satellite-lake-water-level,  
Ref: https://doi.org/10.24381/cds.5714c668). 
 
L5, DAHITI: The Database for Hydrological Time Series of Inland Waters (DAHITI) was 
developed by the Deutsches Geodätisches Forschungsinstitut der Technischen Universität 
München (DGFI-TUM) in 2013 to provide water level time series of inland waters. Today, 
DAHITI develops a variety of hydrological information on lakes, reservoirs, rivers, and wet-
lands derived from satellite data, i.e., from multi-mission satellite altimetry and optical remote 
sensing imagery. As for Hydroweb, all products are available free of charge for the user 
community after a short registration process. As of March 2023, DAHITI currently provides 
10 103 water level time series distributed over all continents, except Antarctica. In Africa 
(2082 time series), Asia (1737), Australia (46), Europe (680), North America (1395), and 
South America (4024) water level time series are available. 8,637 of these virtual stations fol-
low rivers, 1,058 lakes and 387 reservoirs (Ref: Schwatke et al. 2015). 
 
L6, G-REALM: The U.S. Department of Agriculture's Foreign Agricultural Service (USDA-
FAS), in co-operation with the National Aeronautics and Space Administration, and the Uni-
versity of Maryland, are routinely monitoring lake and reservoir height variations for many 
large lakes around the world. This program is called Global Reservoir and Lake Monitoring 
(G-REALM) (Birkett & Beckley 2010). It utilizes NASA/CNES/ESA/ISRO radar altimeter 
data over inland water bodies in an operational manner. The surface elevation products are 
produced via a semi-automated process and placed on the G-REALM website for USDA and 
public viewing. As of November 2022, 530 lakes are monitored, and their water height time 
series can be viewed and downloaded at ipad.fas.usda.gov/cropexplorer/global_reservoir. 
 
L7: Lake extent time series for endorheic lakes on the TP (1347 lakes) extracted from Landsat 
imagery, lake level elevations from SRTM DEM elevations of the lake shoreline for each year 
(1009 lakes), and ICESat laser altimetry measurements of the lake surface (103 lakes), ex-
tended beyond the 2003-2009 ICESat measurement period by applying the area–surface-
elevation relationship for each lake to measured lake areas for earlier/later years. Annual wa-
ter volume changes from multiplying annual lake areas and water level changes. 
 
L8: Location and temporal distribution of water surfaces at the global scale over the past 3.8 
decades, statistics on the extent and change of those water surfaces. Produced from Landsat 
imagery, interactive map explorer. 
 
L9: Lake evolution on the TP from 1920 to 2020 (Chinese part only) and over the entire TP 
area above 2500 m asl for 1970 to 2020. The lake mapping in 1920 is derived from early Chi-
nese map data, in 1960 from the topographic map by manual digitizing, and from 1970 to 
2020 derived from Landsat MSS, TM, ETM+ and OLI images by semi-automatic water clas-
sification.  
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Acronyms 
 
 
AAR Accumulation Area Ratio 
a.s.l. above sea level 
ASTER Advanced Spaceborne Thermal Emission and Reflection radiometer 
CKNP Central Karakoram National Park 
ELA Equilibrium Line Altitude 
ERA European Reanalysis 
DEM Digital Elevation Model 
GLOF Glacier Lake Outburst Flood 
GloGEM Global Glacier Evolution Model 
HMA High Mountain Asia 
ICESat Ice, Cloud, and land Elevation Satellite 
IPCC Intergovernmental Panel on Climate Change 
NASA National Aeronautics and Space Administration 
MODIS Moderate Resolution Imaging Spectrometer 
PDD Positive Degree Day 
SAR Synthetic Aperture Radar 
SMB Surface Mass Balance 
SNR Signal to Noise Ratio 
SRTM Shuttle Radar Topography Mission 
UIB Upper Indus Basin 
w.e. water equivalent 
WGMS World Glacier Monitoring Service 

 


