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Abstract

The Jakobshavn glacier was responsible for approximately 1 mm eustatic sea level rise in the period of 2000
to 2010 [Howat et al., 2011]. As such, the Jakobshavn glacier became one of the largest outlet glaciers in
Greenland [Joughin et al., 2004]. Ice flow velocities within the same period reached over 10 km/yr with strong
seasonal variation [Howat et al., 2011, Joughin et al., 2012]. More recently from 2011 until 2013, even higher
ice flow velocities of at least 15 km/yr were observed [Lemos et al., 2018]. Due to the relatively high ice flow
velocities, the ice discharge plays the largest role in the mass balance (MB) of the Jakobshavn glacier. Quan-
tification of the ice discharge from ice flow velocities is however, not a common procedure. Yet the evolution
of the ice discharge of single glaciers not only improves understanding of the climate-cryosphere system, but
also aids quantification of sea level contribution on a drainage basin scale. To that end, this study embodies
an indirect ice discharge estimation of the Jakobshavn glacier over the period of November 2010 until March
2016 using altimetry (CryoSat-2 Level 1b (L1b)) and gravimetry (GRACE Level 2 (L2)) data in combination with
a regional climate model (RACMO 2.3p2). By subtraction of the altimetric and gravimetric mass balance es-
timates from the atmospheric component (i.e. the surface mass balance (SMB)), two ice discharge estimates
are obtained. This approach does not suffer from the drawbacks involved when estimating ice discharge from
velocity fields directly, which are based on offset tracking. Data gaps for long polar nights and clouds in the
visible spectrum and decorrelation in general, when the duration between subsequent images over the same
location is long, are thus avoided. This is because offset tracking algorithms require recognisable characteris-
tics in subsequent satellite recordings to determine the velocity, i.e. satellite recordings need to be sufficiently
correlated. To derive the mass balance from altimetry data, adequate spatial sampling is desired. To that end,
this study applies swath processing to CryoSat-2 L1b data with an adapted waveform sample selection crite-
rion to obtain an unprecedented spatial sampling with about 2 order of magnitude more height observations
compared to conventional retracking techniques. As a consequence, elevation changes can be derived at a
relatively high spatial resolution (250 m). The elevations are converted to elevation changes, volume change
and mass change using weighted least squares estimations (WLSE), hypsometric averaging and density mod-
els, respectively. The GRACE-based mass change estimate is acquired using a point-mass assumption at the
location of the Jakobshavn glacier. The known, simulated point mass is then scaled to the observed mass by
GRACE. In addition, data weighting of GRACE Stokes’ coefficients is attempted using the full noise covari-
ance matrix. Subsequently, a LSE is used to infer the mass balance from the two time series (with and without
weighting of the Stokes’ coefficients).






Samenvatting

De Jakobshavn gletsjer was verantwoordelijk voor ongeveer 1 mm wereldwijde zeeniveaustijging gedurende
de periode van 2000 tot en met 2010 [Howat et al., 2011] en werd daarmee één van de grootste afvoerglet-
sjers van Groenland [Joughin et al., 2004]. IJsstroomsnelheden tijdens diezelfde periode bereikte minstens 10
km/jaar met sterke seizoensvariaties [Howat et al., 2011, Joughin et al., 2012]. Na deze periode, tussen 2011
en 2013, werden nog hogere ijsstroomsnelheden (>15 km/jaar) waargenomen [Lemos et al., 2018]. Door de
relatief hoge ijsstroomsnelheden speelt de ijsafvoer de grootste rol in de massabalans van het Jakobshavn
stroomgebied. Desondanks wordt de ijsafvoer vaak niet gequantificeerd. Het onderzoek naar ijsafvoer van
gletsjers is echter van belang voor het beter begrijpen van zowel de wisselwerking tussen het klimaat en de
poolkappen als de uiteindelijke invloed op zeeniveaustijging op gletsjerschaal. Deze studie is daarom gericht
op het indirect schatten van de ijsafvoer van de Jakobshavn gletsjer vanaf november 2010 tot en met maart
2016. Dit wordt gedaan met behulp van altimetrie- (CryoSat-2 Level 1b (L1b)) en gravimetriedata (GRACE
Level (L2)) in combinatie met een regionaal klimaatmodel (RACMO 2.3p2). Door de totale massabalans af
te halen van de atmosferische component (SMB) wordt de ijsafvoer bepaald. Hiertoe worden twee mass-
abalansen berekend, één met altimetrieobservaties en één met gravimetrieobservaties. Deze aanpak on-
dervindt niet de nadelen die voorkomen bij het bepalen van de ijsafvoer aan de hand van ijsstroomsnelhe-
den. llsstroomsnelheden worden namelijk voornamelijk berekend met offset tracking. Een nadeel van deze
methode is de ontbrekende data door wolken en het lang ontbreken van zonlicht in de winter bij de toepass-
ing in het zichtbare spectrum. Daarnaast verhindert ook decorrelatie, wanneer de duur tussen twee satelli-
etobservaties over hetzelfde gebied lang is, de schatting van ijsstroomsnelheden. Offset tracking algoritmes
moeten namelijk karakteristieken elementen kunnen herkennen in opeenvolgende sattelietopnames om de
snelheid te kunnen bepalen (oftewel de opnames moeten voldoende gecorreleerd zijn). Om de massabalans
te bepalen aan de hand van altimetrieobservaties is adequate spatiéle dekking van observaties een belangrijk
element. In deze studie wordt swath processing toegepast op CryoSat-2 L1b data. Samen met een aangepast
criterium voor het selecteren van punten binnen een golfvorm kan met swath processing tot 3 ordes meer
hoogtemetingen worden gedaan in vergelijking tot conventionele selectietechnieken. Als gevolg daarvan
kunnen ook hoogteveranderingen op relatief hoge resolutie (250 m) worden bepaald. De hoogtemetingen
worden omgezet naar hoogteveranderingen, volumeverandering en massaverandering met behulp van, re-
spectievelijk, een gewogen kleinste kwadratenmethode (WLSE), hypsometrisch middelen en verschillende
dichtheidsmodellen. De massaveranderingsschatting gebaseerd op GRACE L2 observaties wordt verkregen
door een puntmassa aan te nemen op de locatie van de Jakobshavn gletsjer. De bekende, gesimuleerde punt-
massa wordt dan geschaald naar de door GRACE geobserveerde massa. Daarbij wordt ook een schatting
gemaakt mét weging van de GRACE Stokes’ coefficiénten met de variantie-covariantiematrix. Vervolgens
kan de kleinste kwadratenmethode worden toegepast op de twee tijdsreeksen (met en zonder weging van de
GRACE Stokes’ coefficienten) om de massabalans te bepalen.






Acknowledgements

This thesis marks the end of my MSc. tracks in Applied Geophysics and in Geoscience and Remote Sensing.
Throughout my time at the ETH Zurich and TU Delft, | have had the chance to study the ins and outs of the
Earth, literally. The scientific understanding of the Earth’s system has grown enormously in the past century.
Especially since the dawn of continuous satellite observations, we have become more and more aware of the
chain of coupled processes that affect today’s Earth. Our contribution to the Earth’s system appears ever-
growing, which is why studies within this field are crucial.

In the past year | have primarily dedicated my time to prepare this final report. During that time, | received
distinguished guidance from Pavel Ditmar, Cornelis Slobbe and Bert Wouters. Therefore, | wish to express
my gratitude towards each of them for sharing their valuable time and knowledge with me. This has allowed
me to substantially improve my understanding on the matters that are discussed throughout this thesis and
as such, to improve this thesis significantly. Furthermore, | wish to thank Guy Drijkoningen for helping me
realise the combination of these master tracks. Also, | express my gratitude towards Torsten Mayer-Girr of the
Institute of Geodesy from TU Graz for providing GRACE L2 monthly solutions and normal matrices as well as
Brice Noél of the Institute for Marine and Atmospheric Research (IMAU) from Utrecht University for sharing
RACMO 2.3p2. Last but not least, | wish to thank Michalea King of the Ohio State University for providing the
ice discharge time series of the Jakobshavn glacier for validation.

vii






List of Acronyms

Abbreviation

ATM
DEM
DLR
DoN
DORIS
ELA
ESA
EWH
FDM
GIA
GIMP
GRACE
GrIS
ICESat
IMAU
IRA
KNMI
Laser
LEO
LiDAR
LRM
L1/L1b/L2
MB
NASA
NSIDC
olB
RACMO
Radar
(R)YCM
SAR
SIN(m)
SIRAL
SMB
SNR
WGS84
(W)LSE

Airborne Topographic Mapper

Digital Elevation Model

Deutsches Zentrum fir Luft- und Raumfahrt (German Aerospace Center)
Distance off Nadir

Doppler Orbitography and Radiopositioning Integrated by Satellite
Equilibrium Line Altitude

European Space Agency

Equivalent Water Height

Firn Densification Model

Glacial Isostatic Adjustment

Greenland Ice sheet Mapping Project

Gravity Recovery and Climate Experiment

Greenland Ice Sheet

Ice, Cloud, and land Elevation Satellite

Institute for Marine and Atmospheric Research Utrecht
Interferometric Radar Altimeter

Koninklijk Nederlands Meteorologisch Instituut (Dutch Royal Meteorological Institute)
Light Amplification by Stimulated Emission of Radiation
Low-Earth Orbit

Light Detection and Ranging

Low Resolution Mode

Processing levels 1, 1b and 2

Mass Balance

National Aeronautics and Space Administration
National Snow and Ice Data Center

Operation IceBridge

Regional Atmospheric Climate Model

Radio Detection and Ranging

(Regional) Climate Model

Synthetic Aperture Radar

Synthetic Aperture Radar Interferometric (mode)
SAR/Interferometric Radar Altimeter

Surface Mass Balance

Signal to Noise Ratio

World Geodetic System 1984

(Weighted) Least Squares Estimation







Contents

JIST OF &IGURES Xl
ST OF 4ABLES XV
JNTRODUCTION
1.1 Background. . . . . . . L e e e e 1
1.2 Previouswork. . . . . . . L e e e e e e e e 3
1.3 Motivation . . . . . . . e 3
1.4 Researchobjective . . . . . . . . . . e 4
15 Outline . . . . . . . L 4
-ASS CHANGE THROUGH ALTIMETRY
2.1 Introduction: The CryoSat-2mission . . . . . . . . . . . . . . v i i e e e 5
2.2 ThEOry . . . . e e e e 6
2.2.1 AIImMetry. . . . . e e e e 6
2.2.2 CryoSat-2altimeter . . . . . . . . . . e 8
2.3 Methodology . . . . . . . . e e 10
2.3.1 Swathprocessing . . . . . . . . . Lo 10
2.3.2 Swath processing parameterselection. . . . . . . . .. ..o Lo 15
2.3.3 Elevationtoelevationchange . . . . . . . . . . .. 16
2.3.4 Elevationchangetovolumechange . . . . . . . . . . . . ... oo 18
2.3.5 Volumechangetomasschange . . . . . . . . . . . . ..o 19
2.4 Results & DISCUSSION . . . . . . . . . e 20
2.4.1 Swath processing parameterselection . . . . . . . . . .. L 20
2.4.2 Swathprocessingresults. . . . . . . . . . L L e 27
2.4.3 Elevationchangeestimate . . . . . . . . . . . . ... oo e 28
2.4.4 VNolumechangeestimate. . . . . . . . . . . . .. e 29
245 Masschangeestimate . . . . . . . . . . e e 31

-ASS CHANGE THROUGH GRAVIMETRY

3.1

3.2

3.3

3.4

Introduction: GRACE twin satellites. . . . . . . . . . . . . ... 33
3.1.1 Measurementprinciple . . . . . . . L e e e 33
3.1.2 GRACEincontextofstudyarea . . . . . . . . . . . . . .. 33
Theory . . . . e e e 34
3.2.1 Degree-landCppcoefcients . . . . . . . . . . . . ..o 35
3.2.2 Conversion of temporal variations of gravitational potential . . . . . . . . . ... .. .. 35
Data processing methodology . . . . . . . . . . L 35
3.3.1 Introducingapointmass . . . . . . . ... .. i e e e e e e 36
3.3.2 Observedmassvariations . . . . . . . . . . . e e 38
3.3.3 Masschangeestimate . . . . . . . . . . L e e 40
Results & DISCUSSION . . . . . . . . . e e e 41
3.4.1 Mass change estimated with ordinary least squares estimation . . . . . . . . . .. ... 41
3.4.2 Mass change estimated with statistically optimal least squares estimation. . . . . . . . . 43

2EMOVAL OF THE 3URFACE -ASS "ALANCE

4.1

4.2
4.3

Introduction: Aregional climatemodel . . . . . . . . . . . ... L L 47
4.1.1 SMBandlcedischarge. . . . . . . . . . . 47
Theory & Methodology . . . . . . . . . . . . e 48
Results & DisCussion . . . . . . . . . . e e e 49

Xi



Xii

Contents

$ISCUSSION #ONCLUSION 2ECOMMENDATIONS

5.1 Conclusion . . . . . .. e e e 52
5.2 Recommendations for futureresearch . . . . . . . . . . .. Lo 54
"IBLIOGRAPHY
I IPPENDIX
A.l LeastSquares Estimation . . . . . . . . . . .. L e e e e 63
A.2 Waveform sample selection based on R [Weissgerber and Gourmelen, 2017]. . . . . . . . . .. 64
A.3 Leakageandzero-padding . . . . . . . . e e e e 64
A.4 On (differential) phase ambiguities . . . . . . . . . . .. L 64
A.5 Sensitivity to ascending/descending observations . . . . . ... ..o oL 65
A.6 ElevationestimatesfromWLSE . . . . . . . . . . . . .. e 66
A.7 Effective density of the lineardensitymodel . . . . . . . . . . . . ... ... L. 67
A.8 Geodetic, geocentricandlocalcoordinates . . . . . . . . . . ..o oo 67
A.9 Onthe synthesis of the gravitational potential . . . . . . . . . . . .. ... ... ... .... 68
ALOFIQUIES . . . o e e e e 69
A.10.1 MapsofGreenland. . . . . . . . . L 69
A.10.2 Distributions of elevation difference for different waveform parameters for 6 drainage
basins . . . . . 69

A.10.3 Parameterselection . . . . . . . . . .. e e e e 72



List of Figures

1.1 Maps of the basin boundaries in Greenland and of the elevation in the Jakobshavn drainage

basin. . . . 1
1.2 Calving front of the Jakobshavn glacier with dated demarcations. . . . . . ... ... ... .... 2
2.1 Geographical mode mask of the SIRAL instrument on board CryoSat-2. . . . . . .. ........ 6
2.2 Schematic visualisation of involved parameters for elevation determination from range mea-

SUIEMENTS. . . . . o e e e e e e 7
2.3 Slopeinduced error effects on pulse-limited altimeters. . . . . . ... ... ... ... ....... 9
2.4 A schematic across-track cross-section of CryoSat-2's SIRALantennas. . . . ... ... ...... 9
2.5 Altimetry processing owchart. . . . . . . . . . . e e 10
2.6 Geometry of geolocation problem at equal latitudes. . . . . . ... .. ... ... . . . ... .. 13
2.7 Geometric representation of the geolocation problem. . . . . . . . ... ... ... .. ....... 13
2.8 Flight paths during the OIB campaign in 2015 on the northern hemisphere. . . . . ... ... .. 14
2.9 Comparison of elevation of retracked points without optimisation and OIB observations. . . . . 15
2.10 Schematic of the grid used for the elevation change estimation. . . . . ... ... .. ... .. .. 17
2.11 Visualisation of SIN and LRM mode coverage over the Jakobshavn drainage basin. . . . . .. .. 18
2.12 Variation of upper and lower normalised waveform power threshold. . . . . ... ... ... ... 21
2.13 Power signatures of aregular and discarded waveform. . . . . . . ... ... ... .. oL 21
2.14 Power signature of a discarded waveform anditsorigin. . . . . ... ... ... ... . L. 22
2.15 Scatter plot of (a) normalised power, (b) look angle, (c) coherence and (d) phase difference dis-

persion as afunctionof elevationerror. . . . . . . . . .. e 23
2.16 Variation of coherence and look angle thresholds without a normalised power constraint. . . . . 24
2.17 Variation of phase difference (PD) dispersion and look angle thresholds without a normalised

POWEr CONSEraiNt . . . . . . e e e e e 24
2.18 Scatter plot of DEM-derived slopes as a function of DEM elevation difference. . . . . . . ... .. 25
2.19 Improvement of elevation statistics by comparison of the observationswithOIB. . . . . .. . .. 26
2.20 Locations of points validated withOIB. . . . . . . . . . . . . . ... . . . 27
2.21 Number of data points per grid cell of 250 £ 250 m? (November 2010 until March 2016). . . . . . 28
2.22 Elevation change and elevation change standard deviationinm/yr. . . . ... ... ... ... .. 28
2.23 a) Elevation change in m/yr. b) Elevation change standard deviationinm/yr. . . . ... ... .. 29
2.24 Histogram of the input and data edited elevation change estimates. . . . . .. .. ... ... ... 29
2.25 Hypsometric averaging using different hypsometric ts. . . . . . . . . ... ... ... ... .. 30
2.26 Separation of thinning regimes based on owvelocity. . . . . . ... .. ... ... . ... 31
2.27 Example of density models used for volume to mass conversion. . . . . . . ... ... ... ... 32

3.1 Rates of mass change or mass change-related processes in the area of the Jakobshavn drainage

basin. . . . 34
3.2 Surface density variation rate (5 kmresolution). . . . . . . ... ... . ... o o 36
3.3 Simulation of the surface density variation using a point mass located at (-145.00;-2274.99). . . 37
3.4 Examplegridwith175kmradius. . . . . . . . . . 38
3.5 Impact of co-estimation of point mass 2 on mass change estimate as a function of grid radius. . 41
3.6 Impact of co-estimation of a bias on mass change estimate as a function of grid radius. . . . . . 42
3.7 Impact of grid point spacing on mass change estimate as a function of grid radius. . . . . . . .. 42
3.8 Time series based on ordinary LSE with point mass 1 used for mass change estimate with 10 km

grid point spacing, 200 km grid radius and bias co-estimation. . . . . .. ... ... ... ... .. 43
3.9 Impact of eigenspectrum truncation on mass change estimates. . . . ... ... .. ... ... .. 43
3.10 Insensitivity to simulated point masses in statistically optimal approach. . . . . . ... ... ... 44
3.11 Decorrelated pointmass 1 forlargegridradii. . . . . .. ... ... ... ... .. ... ... . ... 44
3.12 Decorrelated point mass 1 with 800 km grid radius truncatedto 200km. . . . . ... .. ... .. 45

Xii



Xiv

List of Figures

3.13 Time series based on truncated decorrelated LSE with point mass 1 used for mass change es-
timate with 10 km grid point spacing, 800 km grid radius (truncated at 200 km) and bias co-
estimation. . . . . . . . e

3.14 Number of largest retained eigenvalues of the noise covariance matrix after regularisation for
eachmonth. . . . . . . .

3.15 Time series based on truncated decorrelated LSE with point mass 1 used for mass change es-
timate with 10 km grid point spacing, 800 km grid radius (truncated at 200 km) and bias co-
estimation. . . . . . . .. e

4.1 IFSmodel . . . . . . e
4.2 Annual SMB persquarekilometre . . . . . ...

4.3 SMA inthe Jakobshavn drainage basinwiththemodel t. . . . .. . ... .. ... ... ......

A.1 Elevation change difference between estimates of observations in ascending and descending

rack. . . . e

A.2 Elevation estimate in the Jakobshavn drainage basin at 250 mresolution. . . . . . ... ... ...
A.3 Elevation difference between the DEM [Howat et al., 2017] and CryoSat-2 elevations. . . . . . . .
A.4 Maps of Greenland of the elevation and basin boundaries . . . . . . ... ... ... ... .....
A.5 Scatter plots of the sample power of the dataset described in section 2.3.2, i.e. nearly all obser-
vations during April 2014 for differentdrainage basins. . . . . . .. ... ... o o L.
A.6 Scatter plots of the sample look angle of the dataset described in section 2.3.2, i.e. nearly all
observations during April 2014 for different drainage basins. . . . . . ... ... ... o L.
A.7 Scatter plots of the sample coherence of the dataset described in section 2.3.2, i.e. nearly all
observations during April 2014 for different drainage basins. . . . . . ... ... ... ...
A.8 Scatter plots of the sample PD dispersion of the dataset described in section 2.3.2, i.e. nearly all
observations during April 2014 for differentdrainage basins. . . . . . ... ... ... .o L.
A.9 Scatter plots of the sample slope of the dataset described in section 2.3.2, i.e. nearly all obser-
vations during April 2014 for different drainage basins. . . . . . . . .. ... ... L.
A.10 Impact of variation of a normalised waveform energy threshold on the standard deviation for
differentdrainage basins. . . . . . .
A.11 Impact of variation of a normalised waveform energy threshold on the number of available
points for different drainage basins. . . . . . . . ..
A.12 Impact of variation of a normalised waveform energy threshold on the optimisation criterion

fordifferentdrainage basins. . . . . . . .. e

A.13 Impact of variation of a coherence threshold on the standard deviation for different drainage

DaSINS. . . . e

A.14 Impact of variation of a coherence threshold on the number of available points for different
drainage basins. . . . . . .
A.15 Impact of variation of a coherence threshold on the optimisation criterion for different drainage

DaSINS. . . L e e

A.16 Impact of variation of a PD dispersion threshold on the standard deviation for different drainage

DaSINS. . . . e e

A.17 Impact of variation of a PD dispersion threshold on the number of available points for different
drainage basins. . . . . . .. e
A.18 Impact of variation of a PD dispersion threshold on the optimisation criterion for different
drainage basins. . . . . . .. e
A.19 Horizontal ow velocity in the Jakobshavn drainage basin. . . . . . .. ... ... ... ......
A.20 Lineartrend of the FDM and itS error. . . . . . . . . . . . .
A.21 Ice mask of the Jakobshavn drainage basin (90 mresolution). . . . . .. .. . ... ... ... ...

73



2.1
2.2
2.3
2.4

2.5
2.6
2.7
2.8

3.1
3.2
3.3
3.4

Al

List of Tables

CryoSat-2 altimeter (SIRAL) payload characteristics. . . . . . ... ... ... ... ......... 5
Geophysical and instrumental range corrections. . . . . . . . ... ..o 8
Number of available points per drainage basin used for optimising threshold values. . . . . . . . 20
Optimisation results for 6 different drainage basins for coherence and look angle as well as PD
dispersionand lookangle. . . . . . . .. e 24
Chosen thresholds for retracking CryoSat-2 L1B data based on 6 drainage basins. . . . . ... .. 26
Hypsometric averaging results fordifferent ts. . . . . . . . . . ... .. ... . ... . 30
Volume change derived from two hypsometriccurves. . . . . . .. . .. ... ... ... ...... 31
Mass change based on a linear and ow velocity based densitymodel. . . . . ... ... ... .. 32
Coordinates of point mass locations. . . . . . . . . ... 37
Grid radius and corresponding number of points for a 10 km grid point spacing. . . . . ... .. 37
Datausedthischapter. . . . . . . . . . 38
Variation of set-upsinthissection. . . . . . . . . . . . . 41
Geodetic parameters ofthe WGS84 ellipsoid. . . . . . . . . .. ... . . ... ... . . . ... .. 67

XV









	List of Figures
	List of Tables
	Introduction
	Background
	Previous work
	Motivation
	Research objective
	Outline

	Mass change through altimetry
	Introduction: The CryoSat-2 mission
	Theory
	Altimetry
	CryoSat-2 altimeter

	Methodology
	Swath processing
	Swath processing parameter selection
	Elevation to elevation change
	Elevation change to volume change
	Volume change to mass change

	Results & Discussion
	Swath processing parameter selection
	Swath processing results
	Elevation change estimate
	Volume change estimate
	Mass change estimate


	Mass change through gravimetry
	Introduction: GRACE twin satellites
	Measurement principle
	GRACE in context of study area 

	Theory
	Degree-1 and C2,0 coefficients
	Conversion of temporal variations of gravitational potential

	Data processing methodology
	Introducing a point mass
	Observed mass variations
	Mass change estimate

	Results & Discussion
	Mass change estimated with ordinary least squares estimation
	Mass change estimated with statistically optimal least squares estimation


	Removal of the Surface Mass Balance
	Introduction: A regional climate model
	SMB and Ice discharge

	Theory & Methodology
	Results & Discussion

	Discussion, Conclusion & Recommendations
	Conclusion
	Recommendations for future research

	Bibliography
	Appendix
	Least Squares Estimation
	Waveform sample selection based on R weissgerber2017
	Leakage and zero-padding
	On (differential) phase ambiguities
	Sensitivity to ascending/descending observations
	Elevation estimates from WLSE
	Effective density of the linear density model
	Geodetic, geocentric and local coordinates
	On the synthesis of the gravitational potential
	Figures
	Maps of Greenland
	Distributions of elevation difference for different waveform parameters for 6 drainage basins
	Parameter selection



