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GEUS (2018) 

Cover illustration: Overview showing fast-flowing ice and the gates for the seven top discharging glaciers. 

Gates are shown as black lines in inset images. Catchments (same source) are delineated with thinner gray 

lines, and the top discharging catchments are labeled with smaller font. H = Helheim Gletsjer, KB = Køge 

Bugt, KG = Kangerlussuaq Gletsjer, KS = Kangilliup Sermia (Rink Isbræ), N = Nioghalvfjerdsbræ, SK = Sermeq 

Kujalleq (Jakobshavn Isbræ), and Z = Zachariæ Isstrøm. Basemap terrain (gray), ocean bathymetry (blues), 

and ice mask (white) come from BedMachine. 
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Summary 

Initiated in 2007, the Programme for Monitoring of the Greenland ice sheet (PROMICE) is an ongoing effort 

to monitor changes in the mass budget of the Greenland ice sheet. PROMICE is operated by the Geological 

Survey of Denmark and Greenland (GEUS) in collaboration with the National Space Institute (DTU Space) 

and the Greenland Survey (Asiaq). This report updates the central PROMICE activities for the year 2018: 

1) Determining the Greenland ice sheet surface mass balance. We make use of a network of 22 

automatic weather stations observing meteorology and ablation/accumulation. In all, we find that 

2018 was a cold year. There were some record-breaking cold temperatures in some regions of 

Greenland and below-average ablation along the entire ice sheet perimeter. Surface mass balance 

activities were supplemented by publications of regional climate modeling studies validated by 

PROMICE observations and ice-sheet meltwater discharge monitoring. 

2) Determining the Greenland ice sheet dynamic mass loss. We calculate ice movement towards the 

oceans through fluxgates around the PROMICE perimeter. We calculate the ice thickness around 

the PROMICE perimeter from the 2007, 2011, and 2015 flight campaigns and combine this 

knowledge with satellite-derived ice velocity to assess ice flux. We have improved upon the original 

PROMICE fluxgate method, and extended it back in time to estimate yearly dynamic mass loss over 

1995-2015. The PROMICE ice velocity product based on Sentinel-1 satellite data is used to estimate 

iceberg flux at over 400 individual tidewater glaciers around the ice sheet. The 2018 mass loss from 

icebergs reached roughly 500 ± 50 Gt/yr.  

3) Mapping Greenland ice area change. We rely on Landsat 8 and Sentinel-2 imagery to continue to 

track changes in the extent of the ice sheet and surrounding individual glaciers. For a collection of 

the 47 largest tidewater outlet glaciers, the annual net area change at the end of the melt season in 

September 2018 was a net gain of +4.1 km2 for the 19-year survey period (2001-2019). 

PROMICE remains committed to maintaining a well-documented database for storing and disseminating 

Greenland glaciological and meteorological data free of charge. A new data portal was introduced primo 

2019 making it easy and without any restrictions to download your favorite data product. At the end of 

2018, 105 peer-reviewed publications have been coauthored by PROMICE team members. PROMICE 

provides knowledge and data of direct use to society, as well as to international projects and assessments 

reports enhancing Danish involvement in global decision-making. At the same time, PROMICE utilizes and 

sustains the scientific insights, instruments and data obtained from related research projects. For more 

background information, we refer the reader to earlier PROMICE reports (e.g. Ahlstrøm et al., 2011; 

Andersen et al., 2016; Van As et al. 2017c, Fausto et al. 2018).  
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Automatic weather stations 

As of summer 2018, the PROMICE station network consists of 22 automatic weather stations (AWS), of 

which 19 are on the actual ice sheet (Table 1). The stations are primarily distributed over eight melt regions 

of the Greenland ice sheet (Fig. 1). In every melt region, one station is located in the lower ablation zone 

close to the margin, and one or two in the middle and/or upper ablation zone, to obtain elevation gradients 

of measured variables. Exceptions are KAN_U (located in the lower accumulation area), EGP (in the upper 

accumulation area), MIT and NUK_K (on independent glaciers), and KAN_B (on tundra at one kilometer 

from the ice sheet margin). The AWSs measure the meteorological variables: temperature, pressure, 

humidity, wind speed, and the downward and upward components of solar (shortwave) and terrestrial 

(longwave) radiation. The AWSs also record temperature profiles in the upper 10 m of ice, GPS-derived 

location and diagnostic parameters such as station tilt, which is crucial for interpreting solar radiation 

measurements. A GEUS-developed pressure 

transducer and two sonic rangers measure snow 

and surface height change due to ablation and 

accumulation. The AWS record all parameters at a 

ten-minute time interval, with all data stored 

locally awaiting collection during maintenance 

visits. The AWS transmit hourly averages of the 

most transient variables via Iridium satellite link 

between days 100 and 300 of each year, while a 

selection of the remaining variables is transmitted 

at six-hour intervals. Transmissions have a daily 

frequency in the winter period to save battery 

power and transmission costs. We archive all data 

and metadata including sensor specifications in 

the PROMICE database. All AWS data is freely 

available for display and download at 

www.promice.dk. 

 

Figure 1. Map of Greenland with PROMICE 

automatic weather station regions. 

http://www.promice.dk/
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Table 1. Metadata for the PROMICE automatic weather station network. 

Station 
name 

Latitude 
(°N) 

Longitude 
(°W) 

Elevation 
(m asl) Start date Last visit Collaboration 

KPC_L 79.9108 24.0828 370 17/07/2008 2016  
KPC_U 79.8347 25.1662 870 17/07/2008 2016  
EGP 75.6247 35.9748 2660 01/05/2016 2018 EGRIP 
SCO_L 72.2230 26.8182 460 21/07/2008 2017  
SCO_U 72.3933 27.2333 970 21/07/2008 2017  
MIT1 65.6922 37.8280 440 03/05/2009 2017 SEDIMICE 
TAS_L 65.6402 38.8987 250 23/08/2007 2017  
TAS_U3 65.6978 38.8668 570 15/08/2007 13/08/2015  
TAS_A 65.7790 38.8995 890 28/08/2013 2018 REFREEZE 
QAS_L 61.0308 46.8493 280 24/08/2007 2018  
QAS_M 61.0998 46.8330 630 11/08/2016 2018  
QAS_U 61.1753 46.8195 900 07/08/2008 2018  
QAS_A3 61.2430 46.7328 1000 20/08/2012 24/08/2015 REFREEZE 
NUK_L 64.4822 49.5358 530 20/08/2007 2018 IMGLACO 
NUK_U 64.5108 49.2692 1120 20/08/2007 2018 IMGLACO 
NUK_K1 64.1623 51.3587 710 28/07/2014 2018 Asiaq 
NUK_N3 64.9452 49.8850 920 25/07/2010 25/07/2014 IMGLACO 
KAN_B2 67.1252 50.1832 350 13/04/2011 2018 GRASP, GAP 
KAN_L 67.0955 49.9513 670 01/09/2008 2018 GAP 
KAN_M 67.0670 48.8355 1270 02/09/2008 2018 GAP 
KAN_U 67.0003 47.0253 1840 04/04/2009 2018 GAP 
UPE_L 72.8932 54.2955 220 17/08/2009 2018  
UPE_U 72.8878 53.5783 940 17/08/2009 2018  
THU_L 76.3998 68.2665 570 09/08/2010 2018  
THU_U 76.4197 68.1463 760 09/08/2010 2018  
1) On independent glacier, 2) On land, 3) Discontinued   

 

The network includes the 14 original PROMICE weather stations (Ahlstrøm et al., 2008; Van As et al., 2013), 

with the exception of TAS_U that was discontinued and moved up-glacier (renamed TAS_A) due to its close 

proximity to the TAS_L site and difficult, crevassed terrain. Through collaboration with other projects, such 

as the Greenland Analogue Project (GAP) that contributed the KAN stations (Van As et al., 2017b), the 

station network increased to its current size (Table 1). 
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Table 2. Annual net ablation (m of ice) at the PROMICE weather stations nearest the Greenland ice sheet 

margin. 

Year KPC_L SCO_L TAS_L QAS_L NUK_L KAN_L UPE_L THU_L 

2008   3.6 7.3 5.3    
2009 1.6 2.6 2.5 4.1 4.8 3.5   
2010 1.7 3.5 4.9 9.3 7.2 5.4 3.2  
2011 2.5 3.1 3.4 4.7 5.7 4 2.9 2.4 

2012 3.3 3.6 4.3 8.5 6.9 4.7 3.3 2.5 

2013 1.6 3.3 2.9 5.9 4.9 3 1.6 0.3 

2014 2.1 3.4 4.3 6.1 5.7 3.5 2.4 1.6 

2015 2.3 3.2 3.1 5.1 3.8 2.5 2.3 2.4 

2016 2.4 3.5 4.4 7.6 6.7 3.9 1.9 1.9 

2017 2.2 3.2 3.8 5.5 4.3 3.4 2.1 1.0 

2018 1.7 2.7 3.5 4.6 4.7 2.6 1.7 0.2 

average 2.0 3.2 3.7 6.3 5.5 3.7 2.4 1.5 

 

Since PROMICE AWSs primarily set out to monitor melt and its atmospheric forcings, the stations are 

commonly located in high-melt regions where equipment melts out and the uneven terrain affects station 

stability. The ongoing cycles of freezing and thawing, and the powerful katabatic winds and winter storms 

are harmful to instruments. We therefore visit all stations every one to four years, balancing cost, necessity 

and opportunity. In 2018, we serviced existing PROMICE stations in five regions, namely Tasiilaq (TAS), 

Qassimiut (QAS), Nuuk, (NUK), Kangerlussuaq (KAN), and Thule (THU). The QAS maintenance is regarded as 

a primary task due to high ablation up to 9 m per year (Fausto et al., 2012). However, the maintenance 

work for west and southeast Greenland was complicated by bad weather in late August 2018, which 

resulted in fewer planned maintenance visit on the ice. Transmissions from the remaining, unvisited 

stations indicated that they were functional.  

The most important PROMICE AWS measurement is that of surface mass balance, which is negative in the 

ablation area along the perimeter of the Greenland ice sheet. Since the start of PROMICE, we obtained 

ablation totals for all stations and years, adding up to 185 station-years at the end of 2018. The high 

success rate can be attributed to measuring ablation by three different methods, i.e. by pressure 

transducers, sonic rangers and stakes. Table 2 lists the annual net ablation values for all PROMICE weather 

stations nearest the ice sheet margin. Ablation is highly dependent on elevation, latitude and local climate. 

Annual ablation at the ice sheet margin in the southern part of Greenland typically amounts to 3-9 m of ice, 

while ablation at the more northerly margin site is 1-4 m (Table 2). Ablation at the upper stations (>500 m 

above sea level) typically amounts to 0-3 m of ice. 
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Figure 4. Net ablation anomalies at the ice sheet margin for 2008-2018, referenced to the 2011-2015 period. 

 

In Fig. 4 the anomalies in net annual ablation are illustrated for each year of measurement relative to 2011-

2015, chosen as the PROMICE reference period. In 2018, the Greenland ice sheet margin experienced melt 

that was below average at all sites when compared to the PROMICE reference period. However, the 

PROMICE reference period includes several years with Greenland air temperatures well above the climatic 

average (Cappelen, 2016). Therefore, Fig. 4 gives an unrealistic view in a long-term climate perspective due 

to low-biased anomaly values. When referencing the PROMICE ablation values to the 1961-мффл άǎǘŀƴŘŀǊŘ 

ŎƭƛƳŀǘŜέ ǇŜǊƛƻŘ ŦƻƭƭƻǿƛƴƎ ±ŀƴ !ǎ Ŝǘ ŀƭΦ όнлмсb), it is shown that 2018 ablation was still below the norm for 
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all northern sites and close to or above the average for the southern sites (Fig. 5).  In general, ablation 

values below average are found to be rare occurrences since the start of PROMICE (Fig. 5). 

 

Figure 5. Same as Fig. 4, but referenced to the 1961-1990 standard climate period. 

 

An overview and insight into all recorded data by PROMICE weather stations is illustrated on 

www.promice.dk/CurrentWeatherMap. All meteorological and glaciological data can be used to calculate 

the surface energy balance of the ice sheet, which is crucial for interpreting the interaction between 

atmosphere and ice sheet (e.g. Van As et al., 2012; Fausto et al., 2016). 

http://www.promice.dk/CurrentWeatherMap.html
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Generally, we have a high success rate in collecting AWS data (see appendix, Van As et al. 2017c). We 

monitor the performance of all daily averages for all parameters, which are critical for calculating the 

surface energy balance. For instance, we have 20 out 26 stations that have 90% or better coverage for air 

temperature, while the last six has either experienced a problem with power or fallen into a crevasse 

(Appendix C). 

The seasonal temperature measured by the 17 longest-running PROMICE automatic weather stations in the 

ablation area of the Greenland ice sheet was found to be at or below the 2008-2018 average at all sites in 

2018. Spring 2018 was generally near average except in some places along eastern Greenland, where 

temperatures were above normal. Consistent with net ablation observations, summer temperatures in 

2018 were below the 2008-2018 average at all PROMICE sites by more than one standard deviation along 

the northern, north-western, and north-eastern slopes. July 2018 was the coldest in the 2008-2018 period 

along the northern, northwestern, and southern ice sheet ablation areas. Out of all Jan-Dec 2018 station-

months, 47% of monthly temperatures were more than one standard deviation below average, and only 4% 

were over one standard deviation above average. 

In 2018, we tested a new temperature and humidity sensor with less power requirements without 

compromising measurements accuracy. We are deploying a new AWS along side an old one in 2019 to 

inter-compare sensors and their robustness.    

The PROMICE AWS equipped with single frequency GPS receivers have a large vertical uncertainty limiting 

their suitability for numerical weather prediction purposes. The accuracy of single frequency GPS positions 

either on PROMICE AWS or on standalone trackers is inadequate for use in strain networks and it also limits 

their use for validation of satellite ice velocity and altimetry products.  

We are still working on a GPS prototype using a dual frequency receiver. Long recording sessions are 

essential for high accuracy GNSS positioning at remote locations where no differential correction data is 

available. Commercial GPS receivers are available but meeting their power requirements is very challenging 

on Arctic glaciers and on the Greenland Ice Sheet. Solar power is not available during the polar night and 

installing large battery systems is impractical due to the ice surface lowering by several meters during the 

melt season.  

We improve the autonomous positioning accuracy by smoothing the measurements by the carrier phase 

with a filter length of 1000 seconds and by averaging position solutions during each recording session after 

the smoothing filter has fully settled. This average is the position that will be delivered to the PROMICE 

AWS or directly transmitted through the Iridium SBD satellite service in case of units operating without 

support from an AWS.  At the system level, we further improve the accuracy by processing at the receiving 
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end using the current and previous received positions together with a velocity model specific to each 

location (this postprocessing will be implemented during the coming year). 

Data storage is based on a removable 32 Gbytes flashcard with a FAT32 filesystem, which is compatible 

with most PC operative systems. This card can hold the expected amount of raw GNSS observables 

expected to be recorded over two years of field operation. After retrieving the flashcard from the field, the 

data can be processed to obtain cm-level position solutions. 

The prototype configuration appears capable of operating for up to 6 months without any input from solar 

panels. Two options are available for the battery:  

¶ a regular PROMICE AWS rechargeable lead-acid battery box (nominal energy 1344 Wh, for 

operation in cold climate and at least 5 years of expected field life, ca. 50 kg) 

¶ a small lead-acid battery backed up by a large battery of primary lithium-thionyl chloride cells 

(nominal energy 40 Wh lead-acid, 750 Wh lithium, for operation in cold climate and one polar night 

of expected field life, ca. 5 kg) 

The above configuration is expected to allow both for the duration of the polar night at the highest 

latitudes in Greenland and for temporary accumulation of snow on the solar panel. The power delivered by 

a solar panel drops very substantially already when a few of its cells are obscured. Field test was postponed 

and starts in summer 2019. 

Finally, we still emphasize the importance of the radiometers on every PROMICE station, measuring the up- 

and downward radiative fluxes that govern the surface energy budget and thus the melting of the ice sheet. 

Both the short- and longwave components display a large annual cycle, with distinct latitudinal differences. 

Appendix C illustrate the performance of radiation measurements for all stations.  

The albedo undergo a distinct annual cycle that is primarily caused by melting. The ice sheet surface 

darkens further as impurities collect, algae grow and meltwater-filled features become more abundant on 

the ice sheet surface, which enhances the melt-albedo feedback, since darker surfaces absorb more solar 

radiation, boosting melt (e.g. Van As et al., 2013; Charalampidis et al., 2015). PROMICE keeps a close eye on 

the darkening of the ice sheet, both using AWS and satellite observations (Box et al., 2017) in the 

anticipation of future warming in Greenland will result in a self-reinforcing ice sheet mass loss contribution 

from the melt-albedo feedback.  

http://www.promice.dk/DownloadAlbedodata.html
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Surface mass balance measurement database 

The database is openly accessible through the PROMICE website since 2016 followed by an article, 

Machguth et al. (2016b), that describes the methodology of the data collection, presents the data and 

provides detailed background information. At the time of publication, the database spanned the 123 years 

from 1892 to 2015 and contained ~3000 individual measurements (Fig. 6). For every individual 

measurement the database provides X, Y and Z coordinates, starting and ending dates, references to the 

source documents as well as quality flags.  

 

Figure 6. Map of Greenland showing location and 

duration of observation of all 53 currently known 

surface mass-balance sites located in the ablation 

area of the ice sheet and on the local glaciers. The 

data from 46 sites have been included in the 

database. 

The data cover all regions of Greenland except for 

the southernmost part of the east coast (Fig. 6), but 

also emphasize the importance of long-running 

time series of which only two exceed twenty years. 

Approximately 60% of the data have been derived 

through projects headed by GEUS/GGU, while 

numerous other institutions also contributed to the 

database; the study by Machguth et al. (2016b) 

unites 32 coauthors from 18 institutions.  

Presently, thirteen studies have used the data and 

cited the accompanying manuscript. The fast and 

ōǊƻŀŘ ŀŘŀǇǘŀǘƛƻƴ ƻŦ twhaL/9Ωǎ new data product 

shows its compliance with the needs of the 

scientific community. PROMICE is committed to maintain the database through updates with continued 

data quality control and addition of new data from within and outside the PROMICE network.  
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Surface mass balance models 

The PROMICE data provide the possibility for testing surface mass balance modeling by regional climate 

models that have the strength of complete spatial coverage, but the weakness of uncertain and often low 

absolute accuracy. Understanding and accurately representing climate processes in a model will reduce the 

uncertainties on determining the future contribution to sea level rise from the Greenland ice sheet. 

Mass loss from the surface of the Greenland ice sheet is buffered by percolation and refreezing into the 

underlying snowpack. These microscale processes are dependent on a number of factors such as snow 

grain size, density and temperature that are often not well known and are heavily parameterized in firn 

model. However, processes such as melt and snowfall are also important in determining retention rates 

and these may vary according to atmospheric forcing.  

In the retention model inter-comparison project (RetMIP) we compare 7 different 1D models and 4 

different 2D models with each other and with detailed observational data from 4 key field sites covering a 

range of firn types to gain insight into how different parameterizations as well as atmospheric forcing affect 

snowpack processes. We use a common atmospheric forcing output either from AWSs and the HIRHAM5 

regional climate model to drive the participating RetMIP models which allows us to exclude the effects of 

different forcing and examine the influence of internal parameterizations. We show that initialization of 

snowpack models is key but that evolution of retention through time is strongly determined by melt rates 

as well as by specific values used in micro-scale parameterizations. Differences in surface mass balance 

estimates derived from models, particularly on a regional scale can be strongly affected by retention and as 

the ice sheet surface evolves in the future these are likely to become more important but also more 

variable both in time and space. 

Ice velocity 

In 2018, the automatization and standardization of the PROMICE ice velocity product was finalized. The 

operational interferometric post processing chain (IPP) (Kusk et al., 2018; Dall et al., 2015) developed by 

5¢¦ {ǇŀŎŜ ƛǎ ŜƳǇƭƻȅŜŘ ǘƻ ǇǊƻŎŜǎǎ Řŀǘŀ ŦǊƻƳ 9{!Ωǎ ǘǿƻ {ŜƴǘƛƴŜƭ-1 satellites. Data from these satellites 

provides the unique opportunity to remotely monitor Greenland ice dynamics at an unprecedented six-day 

temporal resolution. Presently, we are involved in the ESA Climate Change Initiative (CCI) Ice Sheets Project 

headed by DTU Space, setting out to produce ice velocity maps of major Greenland outlet glaciers from 

9{!Ωǎ ǎȅƴǘƘŜǘƛŎ ŀǇŜǊǘǳǊŜ ǊŀŘŀǊ ό{!wύ Ƴƛǎǎƛƻƴǎ ōŀŎƪ ƛƴ ǘƛƳŜΦ ¢ƘŜǎŜ ǘƛƳŜ ǎŜǊƛŜǎ ŀǊŜ ǇǊƻŘǳŎŜŘ ŀǘ D9¦{ ŀƴŘ ŀǊŜ 

available through the ESA CCI website. PROMICE and the ESA CCI project benefit mutually by sharing data 

and processing tools.  
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The IPP ice velocity processing system is maintained by DTU Space. The implemented automation chain has 

reduced the delay between data acquisition and generation of ice velocity products. A side effect of this is 

that precise satellite orbits ς which are not available until three weeks after the data acquisition ς are not 

ŀƭǿŀȅǎ ŀǾŀƛƭŀōƭŜ ǿƘŜƴ ǘƘŜ Řŀǘŀ ŀǊŜ ǊŜŀŘȅ ǘƻ ōŜ ǇǊƻŎŜǎǎŜŘΦ !ƴ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ƻŦ ǘƘŜ ǳǎŜ ƻŦ άǊŜǎǘƛǘǳǘŜŘέ ƻǊōƛǘǎΣ 

which are delivered in near-real time, has been carried out, and the accuracy has been found fully sufficient 

for use in ice velocity processing.   

Investigating a long timeseries of velocity data generated for Northeast Greenland, a systematic bias of the 

velocity measurements was identified, affecting 6-day pairs (pairs which are generated by combining 

Sentinel-1A and Sentinel-1B images) but not 12-day pairs (where images from the same satellite are 

combined). The bias is on the order of 25 m/yr in the azimuth direction (roughly corresponding to the 

North-South direction), and 10 m/yr in the range direction (roughly corresponding to the East-West 

direction). The sign of the bias changes dependent on whether S1A or S1B is used as the master in the pair. 

A literature study found these values to be consistent with the different offsets measured for each satellite 

in corner reflector validation studies (Schubert et al. 2017). The processor has been upgraded to include 

these calibration constants. An example of the improvement in velocity residuals measured over stable 

ground control points is shown in Fig. 7. 

 

Figure 7 Comparison of velocity measurements without calibration constant (left) and with calibration constant (right) 
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Further work includes an improved culling of outliers in the velocity measurements, based on the approach 

in Westerweel and Scarani (2005). This is achieved by comparing the median of the velocities surrounding a 

pixel to the velocity of the pixel itself, discarding pixels where the deviation is too high. Small holes left by 

the culling are subsequently filled by interpolation and an example is shown in Fig. 8a. 

 

Figure 8 a) Comparison of velocity measurements without median culling (left) and with median culling (right). b) 
example image with GCP residual. Each yellow ring indicates a supposedly stable GCP, and the ring radius is 
proportional to the residual velocity magnitude of that GCP. 

Quality control has been implemented in the automated processing chain. After processing of a single data 

pair, a comparison of velocities over stable ground control points is carried out (if such points are available), 

and the residual mean and standard deviations of the measured horizontal velocity components is stored in 

the database and displayed to the user. When combining several pairs to create an output product, the 

control is also carried out on the final output product. An image illustrating the residuals of each GCP is also 

generated, with an example shown in Fig. 8b. 

The IPP uses a pair of SAR images covering the same area and calculates the spatially varying offsets 

between the two by determining the cross-correlation between image patches. The three-dimensional 

velocity vectors are then determined by assuming surface-parallel flow using surface-elevation data for 

Greenland from the GIMP-project (Howat et al., 2014; 2015). The spatial resolution of our product is 

500x500 m. 

The two-satellite constellation makes it possible to produce maps every 6 days. It is, however, 

computationally very expensive to do this for all of Greenland, and for this reason the PROMICE product 

mainly consists of 12-day repeats from both satellites.  The high temporal resolution often comes at the 

expense of many gaps in data as well as a lower signal-to-noise ratio depending on region and season. 
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When the appearance of the surface changes too much between images for instance due to large snowfall, 

high melt rates or fast flow, it is no longer possible to track features between them. In southeast 

Greenland, all three processes combined make it inherently difficult to get complete coverage. In order to 

improve our ice velocity maps, 6-day repeats are included for 

three tracks covering the southern margins of the ice.  

The main PROMICE product is thus a velocity mosaic of the 

entire Greenland margin spanning 24 days (two cycles) with a 

frequency of either 6 or 12 days based on SAR data from 

Sentinel-1 A and B. Due to the higher frequency of the maps 

compared to the temporal coverage, some pairs in one map are 

also included in the following map. For other purposes, the cost 

of the high temporal resolution is too high in terms of spatial 

gaps in data, and mosaics spanning longer periods are preferred. 

Figure 9 shows an example of combining several cycles over 

winter to produce a map with nearly full coverage.   

 

 

 

 

Ice sheet thickness and elevation from airborne campaigns 

Ice thickness of the flux gates along the perimeter of the Greenland ice sheet is needed for the calculation 

of ice dynamic mass loss using satellite-derived ice velocity maps. Previous PROMICE airborne 

measurement campaigns of ice thickness were flown in 2007 and 2011. In 2015, the airborne campaign 

only mapped the topography along the PROMICE perimeter of the Greenland ice sheet as well as a 

selection of the major outlet glaciers using a laser scanner. A map with the 2007, 2011, and 2015 PROMICE 

flight tracks, illustrating their complete coverage together with a description of every processing steps are 

found in Sørensen et al. (2018). Further, all PROMICE airborne laser and radar altimetry data are publicly 

available at www.promice.dk.  

 

Figure 9: Ice velocity map for Winter 2017-
2018 using data from the period: 30 Nov 
2017 - 6 Mar 2018. Background topography 
is from (Howat et al., 2014; 2015). 

http://www.promice.dk/
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Ice dynamic mass loss 

Quantifying the sea-level rise contribution of Greenland ice sheet meltwater runoff and iceberg discharge 

requires estimating not only present-day fluxes, but also their departure from equilibrium. Using data from 

the 2015 PROMICE airborne campaign, we build on recent advances in 20th Century (1900-1999) ice-sheet 

mass balance and surface mass balance simulations to develop observationally-constrained estimates of 

balance flux in eighteen ice-sheet sectors. Despite substantial changes in climate forcing, ice flux across the 

PROMICE perimeter increased only 0.5 %/yr (or 1.5 Gt/yr) during the 2007-2015 period.  

The PROMICE perimeter circumscribes the ice sheet relatively far inland at a mean elevation of 1708 m. We 

assume ice flux across this perimeter was stable during the 20th Century, and apply mean 20th Century 

downstream corrections to estimate 20th Century grounding-line ice discharge. In each sector, we 

difference this ice discharge from the area-integrated mean 20th Century surface mass balance inferred by 

an ensemble mean of MAR3.5.2 simulations (Colgan et al., 2019). We employ these inferred sector-scale 

balance fluxes to partition the annual runoff and iceberg components of ice-sheet mass loss during the 

1995-2015 period (for more detail, see Colgan et al. 2019). 

 

Figure 10: Bottom panel: Time series of ice discharge from the Greenland ice sheet. Dots represent when observations 
occurred. Orangestepped line is annual average. Coverage (percentage of total discharge observed at any given time) 
is shown in top panel, and also by opacityof dot interior and error bars on lower panel. When coverage is < 100 %, total 
discharge is estimated and shown. 

 






























































