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Summary

Initiated in 2007, he Programme foMonitoring of the Greenlanéte sheet (PROMICE) is an ongoing effort

to monitor changes in th mass budget of the Greenland ideest. PROMICE @gperatedby the Geological
Survey of Denmark and Greenland (GEUS) in collaboration with the National Space Institute (DTU Space)
and the Greenland Surveggiaq. This report update the central PROME activities for the year 2018

1) Determining theGreenland ice sheet surface mass balaiée make use od network of 22

automatic weather stations observingeteorology and ablation/accumulatiom all, we findthat
2018was acoldyear. There weresomerecord-breakingcoldtemperaturesin someregions of
Greenlandandbelow-average ablation along the entire ice sheet perimefusface mass balare
activities were supplemented by publications of regional climate modeling studiesatalidby
PROMICE observations and-#teet meltwater discharge monitoring.

2) Determining theGreenland ice sheet dynamic mass la¥g calculat ice movement towards the

oceans through fluxgatemround the PROMICE perimet&e calculate the ice thicknessound

the PROMICE perimeter from the 2007, 2011, and 2015 flight campaignsombine this
knowledge with satellitederived ice velocity to assess ice flke have improved upon the original
PROMICE fluxgateethod, andextendedit back in time taestimate yearly dynamic madsss over
19952015.ThePROMICIee velocityproduct basedn Sentinell satellite data is used testimate
iceberg flux at over 40ihdividual tidewater glacieraround the ice sheefThe2018 masslossfrom
iceberggreached roughlp00+ 50 Gtiyr.

3) MappingGreenland ice area chang&/e relyon Landsat 8 and Sentinr2limageryto continue to

track changes in the extent of the ice sheet and surrounding individual gldégscollection of
the 47 largest tidewater outleglaciersthe annual net area change at the end bétmelt season in

September 2018vasa net gain of +4 km? for the 19-year survey perio@2001-2019).

PROMICEemainscommitted to maintaiimga welldocumented databaseof storing and disseminating
Greenland gleiological and meteorologicdhta free of chargeA 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, 105eerreviewedpublicationshave beercoauthored by PRMICE team member®ROMICE

provides knowledge and data of direct use to society, as well as to international projects and assessments
reports enhancing Danish involvementglobaldecisiormaking At the same time, PROMICE utilizes and
sustains the scidific insights, instruments and data obtained from related research projéctisnore
backgroundnformation,we refer the reader teearlier PROMICE repoi(es.g. Ahlstrom et al.2011,

Andersen et al., 2016/an As et al. 20t7Fausto et al. 2018



Automatic weather stations

As of summer 201,8he PROMICE station networ&onsists oR2 automatic weather statioa(AWS) of

which 19 are on thactualice sheet (Table 1). The stations are primarily distributed eigdit melt regios

of the Greenland iceheet (Figl). In everymelt region, one station is located in the lower ablation zone

close to the margin, and one or twin the middle and/oupper ablation zone, to obtain elevation gradients

of measured variable€xceptions are KAN_ld¢ated in thelower accumulation area), EGP (e upper

accumulation areaMIT and NUK_ KoK independent glaciejsand KAN_Bof tundra at one kilometer

from the ice sheet margin The AWSs measutiee meteorological variales: temperature, pressure,

humidity, windspeed,and thedownward and upwar@¢omponents ofolar (shortwave) and terresttia

(longwave) radiation. The AWS8Iso record temperature profiles in the upper 10 m of ice, - @&&ed

location and diagnostic parameters such as station tilt, which isatriaziinterpreting solar radiation
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measurements. A GEWi8veloped pressure
transducer and two sonic rangers measure Snow
and surface height change due tblationand
accumulation. The AWS record all parametera
ten-minute time interva) with all datastored

locally awaiting collection during maintenance
visits.The AWS transmitdurly averages of the
most transient variables viaidium satellitelink
between days 100 and 300 of each year, while a
selection of the remaining variables is transmitted
at sixhour intervals. Tansmissions have a daily
frequency in the winter period to save battery
power and transmission costé/e archive hdata
and metadata including sensor specificatioms

the PROMICE database. All AWS ddtaéty
available for disjay and download at

www.promice.dk

Figure 1 Map of Greenlandiith PROMICE

automatic weather station regions.


http://www.promice.dk/

Table 1 Metadata for the PROMICE automatic weather station network.

Station Latitude Longitude Elevation

name (°N) (°W) (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

MIT 65.6922 37.8280 440 03/05/2009 2017 SEDIMICE
TAS_L 65.6402 38.8987 250 23/08/2007 2017

TAS_® 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_A 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_K 64.1623 51.3587 710 28/07/2014 2018 Asiaq
NUK_N 64.9452 49.8850 920 25/07/2010 25/07/2014 IMGLACO
KAN_B 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 728878 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 glaer, 2) On land, 3piscontinued

The network includes the 14 original PROMICE weather stations (Ahlstram2008; Van As et al., 2013

with the exception of TAS_U that was discontinued and movedlagier (renamed TAS_A) due to its close

proximity to the TAS_L site and difficult, cregad terrain. Througbollaboration with other projects, such

as the Greenland Analogue Project (GAP) that contributed the KAN stations (Van As eth),,tB817

station network increased to its current size (Teab).



Table 2. Annual net ablation (m of ice) at the PROMICE weather stations neai@st¢iméand ice sheet

margin.

Year KPC L SCOL TAS L OQAS L NUK L KANL WUPEL 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 54 3.2
2011 2.5 3.1 3.4 4.7 5.7 4 29 24
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 24 1.6
2015 2.3 3.2 3.1 5.1 3.8 2.5 2.3 24
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 55 3.7 2.4 1.5

Since PROMICE AWfBisnarily set out tomonitor melt and its atmospheric forcings, tettions are
commonlylocated in highmelt regions where equipment meltsut and the uneven terraiaffectsstation
stability. The ongoing cycles of freezing and thawing, and the powerful katabatic winds and winter storms
are harmful to instruments. We therefore visall stations every one to four years, balancing coetessity

and opportunity. In 2018we servicea@xistingPROMICE stationsfite regions, namelfasiilag (T8),
Qassimiut (QASNuuk, (NUKXangerlgsuaq (KAN), and Thule (THU). The QAS mainteisaregarded as
aprimarytask due tohigh ablation up to $n per year (Faustet al., 2012)However, the maintenance

work for westand southeasGreenland was complicated bad weather in late August 201&hich

resulted in fewer planned maintenance visit on the iEmnsmissions from the remainingnvisited

stations indicated that they were functional.

The most important PROMICE AWS measurement is that of surface mass balance, which isingigative
ablationarea along the perimetesf the Greenland ice sheekince the start of PROMICE, we obtained
ablation totals for all statios and years, adding up @5 station-yearsat the end of 2018The high

success rate can be attributed to measuring ablabgthree different methods, i.e. by pressure
transducers, sonic rangers and stakeable 2 lists the anral net ablation values for all PROMM&ather
stations nearest the ice sheet margiablation is highly dependent on elevation, latitude and local climate.
Annual ablation at the ice sheet margin in the southern part of Greenland typically amoungrod ice,
while ablation at the more northerly margin site igtdn (Table 2). Ablation ahé¢ upper stations (>500 m

above sea levitypically amouts to 33 m of ice



PROMICE melt anomalies
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Figure 4. Net ablation anomalies attlice sheet margin for 20e818 referencedd the 20112015 period.

In Fig4 the anomalies in net annual ablatiare illustratedfor each year of measuremenglative to2011-

2015, chosen as the PROMICE reference pelio2018, theGreenland ice sheet margexperienced melt

that wasbelow aveageat allsiteswhen compared to the PROMICE reference peridalvever, the

PROMCE reference perioidicludes several years with Greenland air temperatures well atieelimatic

average (Cappelen, 201@herefore Fig. 4givesan unrealistic view in dongterm climate perspective due

to low-biasedanomaly valueswhen referencing the PROMICE ablation values to the-ifglcon a & i | y R
Ot AYF(S¢ LISNA 2R T2 b)fitdshowhInhat2018blatiod waSstil belofvtthe normfarm ¢



all northem sites and close to or above the average for the southern sites (Fign §@neral, blation

valuesbelow average are found to be raoecurrencs since the start of PROMICE (Fig. 5).

PROMICE melt anomalies
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An overviewand insight into altecordeddata by PROMICE weather stationdlisstrated on

www.promice.dk/CurrentWeatherMapAll meteorological and glaciologickdta can be sed to calculate

the surface energydlance of the ice shegwhich is crucial for interpreting the interaction between

atmosphere and ice sheét.g. Van As et al., 201Rausto et al., 2016)


http://www.promice.dk/CurrentWeatherMap.html

Generally we have a higbuccess rate in collectidg/V'S datgsee appendix, Van As et al. 20LTue
monitor the performance of all daily averages for all parameters, which are critical for calculating the
surface energy balancgor instance we have20 out 26 stations that have 98or better coverage fomir

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

The seasonal temperature measured by the 17 longashing PROMICE automatic weather stations in the
ablation area of the Greenland ice sheet Viagnd to be at or below the 2008018 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 i

2018 were below the 2008018 average at all PROMICE sites by more than one standard deviation along
the northern, northwestern, and northeastern slopes. July 2018 was the coldest in the ZB period

along the northern, northwestern, and southegeisheet ablation areas. Out of all Jaec 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 teste@ new temperature and humidityensor with less power requirementgthout
compromising measurements accuradye are deploying a new AWS along side an old one int2019

inter-compare sensors and theiobustness.

The PROMICE AWS equipped with single frequency GPS receivers hgeeertaal 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 arestill working on a GPS prototype using a dual frequency recdivrg recording sessions are

essential for high accuracy GNSS positioning at remote locations where no diffecenaitiondata is
available. Commerci&PS receiverare 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 battey systems is impractical due to the ice surface lowering by several meters during the

melt season.

We improvethe autonomous positioning accuracy by smoothing the measurements by the carrier phase
with a filter length of 1000 seconds and by averagingtprssolutions 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 unitsingerighout

support from anAWS. At the system levele further improve theaccuracy by processing at the receiving



end using the current and previous received positions together with a velocity model specific to each

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

Data storage is based on a removable 32 Ghytes flashcard with a FAT32 filesystdnis compatible
with most PC operative systems. This card can hold the expected amount of raw GNSS observables
expected to be recordedver two years of field operation. After retrieving the flashcard from the field, the

datacanbe processed to obtain citevel position solutions.

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

pands. Two options are available for the battery:

1 aregular PROMICE AWS rechargeabledeatibattery box (nominal energy 1344 Wh, for
operation in cold climate and at least 5 years of expected field life, ca. 50 kg)

1 asmall leaehcid battery backed up bylarge battery of primary lithiunthionyl chloride cells
(nominal energy 40 Wh leaakid 750 Wh lithiumfor operation in cold climate and one polar night

of expected field life, ca. 5 kg)

The aboveconfiguration is expected to allow both for the duratiohthe 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 obsEigldtest was postponed

andstartsin summer 2019

Finally, westill emphasize the importancef the radiometes on every PROMICE statiomeasuring the up
anddownward radiative fluxes thajovern the surface energy budget and thiie melting of the ice sheet.
Both the short and Imgwave componentdisplaya large annual cycle, withddinct latitudinal differences

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

The dbedo underga distinct annual cycléat is primarily caused by meltinghe ie sheet surface

darkers furtheras impuities collect, algae grow andeltwater-filled features become more abundaah

the ice sheet surfageavhich enhancethe melt-albedo feedback, since darker surfaces absorb more solar
radiation, boosting melt (e.g.avi As et al., 2013; Charalampidis et al., 20RROMICE keeps a close eye on
the darkening of the ice sheet, both using AWS and satellite observaBomset al., 201)7in the

anticipation offuture warmingin Greenlandvill result in a sefeinforcing ice sheet mass loss contribution

from the meltalbedo feedback.

1C


http://www.promice.dk/DownloadAlbedodata.html

Surface nass balance measurementatabase

The databaseés openly accessible through the PROMICE welssiiee2016 followed by a article,

Machguth et al. Z016b), that describes the methodology of the data collection, presents the data and

provides detailed background information. At the time obfication, the database spanndide 123 yeas

from 1892 to 2015 and containeeB000individual measurementé~ig. 6) For every individual

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

source documentas well as quality flags
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Figure 6 Map of Greenland showing location and

duration of observation of all 53 currently known

surface mas$alance 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 (8. but
also emphaize the importance of loagunning

time series of whichmly two exceedwenty years.

Approximately 60% of the data have been derived

through projects headed by GEUS/G@®Miile
numerous othelinstitutionsalsocontributed to the
databasethe study by Machguth et al. (2045

unites 32 coauthors from 1i8stitutions.

Presently, thirteerstudies have used the data and

cited the accompanyinmanuscript The fast and
oNEBI R

shows its compliance with the needs of the

scientific community. PROMICE@mmitted tomaintan the database through updates witontinued

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

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. Undessiding 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 geocohnd 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, processesuch as melt and snowfall are also important in determining retention rates

and these may vary according to atmospheric forcing.

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

different 2D models with edcother 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 oeitpet from AWSs anthe 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 modaeal is key but that evolution of retention through time is strongly determined by melt rates

as well as by specific values used in mirale parameterizations. Differences in surface mass balance
estimates derived from models, particularly on a regionalescan 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 standardiion of the PROMIEice velocity produatas finalizedThe

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

5¢! {LIOS Aa SYLX 28SR (2 LMBa@fiessDatRfroin kthesd salfes 9 { | Qa
provides the unique opportunity to remotely monitor Greenland ice dynamics at an unprecedenigalysix
temporal resolution. Presently, we are involved in the ESA Climate Change Initiative (CCl) Ice Sheets Project
headed by DTU Space, setting out to produeevielocity maps of major Greenland outlet glaciers from

9{! Qa &48yUGKSGAO I LISNIINNBE NI}IRIN 6{!w0O YAdaarzya o0
available through the ESA CCI website. PROMICE and the ESA CCI project benefit mutaaily oatsh

and processing tools.

12



The IPP ice velocity processing systemaintained by DTU Space. Tiholementedautomationchainhas

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

that precise satellite orbitg which are not available until three weeks after the data acquisiiane not
Ftgrea @FAtlFIoftS gKSy GKS RIFEGF FNBE NBIFIRe G2 0S5 LN
which are delivered in neaeal time, haseen 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, affang 6:day pairs (pairs which are generated by combining
Sentinetl A and SentinelB images) but not Xd8ay pairs (where images from the same satellite are

combined). The bias is on the order of 25 m/yr in the azimuth direction (roughly correspondimg to t
North-South direction), and 10 m/yr in the range direction (roughly corresponding to theVikast

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 benststent with the different offsets measured for each satellite

in corner reflector validtion studies (Schubert et al. 201 The processor has been upgraded to include

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

ground cottrol points is shown in Fig. 7
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Figure7 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 megserts, based on the approach
in Westerweel and Scarani (2005his 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 aulling are subsequently filled by interpolation aad example is shown in Fig..8a

Figure8 a) Comparison of velocity measurements without median culling (left) and with median culling wight)
example image with GCP residual. Each yellow ringatedi@ supposedly stable GCP, and the ring radius is
proportional to the residual velocity magnitude of that GCP.

Quiality control has been implemented in the automated processing chain. After processing of a single data
pair, a comparison of velocities avetable 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 pairedte 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 Fag.

The IPP uses a pair of SAR images covering the same area andesatlbalapatially varying offsets
between the two by determining the crog®rrelation between image patches. The thrgienensional
velocity vectors are then determined by assuming surpagllel flow using surfacelevation data for
Greenland from the P-project (Howat et al., 2014; 2015). The spatial resolution of our product is
500x500 m.

The twosatellite constellation makes it possible to produce maps every 6 days. It is, however,
computationally very expensive to do this for all of Greenland,fanthis reason the PROMICE product
mainly consists of Xday repeats from both satellites. The high temporal resolution often comes at the

expense of many gaps in data as well as a lower sigradise ratio depending on region and season.

14



When the apparance 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 difficet complete coverage. In order to
improve our ice velocity maps;day repeats are included for

three tracks covering the southern mgans of the ice

The main PROMICE product is thus a velocity mosaic of the
entire Greenland margin spanning 24 ddfwo cycles) with a
frequency of either 6 or 12 days based on SAR data from
Sentinell A and B. Due to the higher frequency of the maps
compared to the temporal coveragepme pairs in one map are
also includd in the following mapkor other purposeghe cost
of the high temporal resolution is too high in terms of spatial
gaps in data, and mosaics spanning longgiods are preferred.
Figure shows an example of combining several cycles over

winter to produce a rap with nearly full coverage.

Figure 9ice velocity map for Winter 2017
2018 using data from the period: 30 Nov
2017- 6 Mar 2018. Background topograpl
Ice Velocity [m/day] is from(Howat et al., 2014; 2015).

Ice sheetthickness ancelevationfrom airborne campaigrs

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 satelilexived ice velocity maps. Previous PROMICE raiebo

measurement campaigns of ice thickness were flown in 2007 and 2011. IntR@Hxborne campaign

only mappedhe topography along theROMICE perimetef the Greenland ice sheet as well as a

selection of the major outlet glacietsing a laser scaen A map with the2007, 2011, an@015 PROMICE
flight tracks illustrating theircomplete coveragéogether with a description of every processing steps are
found inSgrensen et al. (2018 urther, d PROMICE airborne laser and radar altimetry datgalgicly

available atwww.promice.dk
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Ice dynamic mass loss

Quantifying the sedevel rise contribution of Greenland ice sheet meltwater runoff and iceberg discharge
requires estimating not only preseqtay fluxes, bt also their departure from equilibriuntdsing data from

the 2015 PROMICE airborne campaign, we build on recent advances in 20th CentwiQ@90esheet

mass balancandsurface mass balance simulations to develop observationalgtrained estimads of

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

PROMICE perimeter increased only 0.5 %/yr (or 1.5 Gt/yr) during theZ®/period.

The PROMICE perimeter circumscribes the ice sletsgively 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 groundiing ice discharge. In each sector, we
difference this ice discharge from the argdegrated mean 20th Century surface mass balance inferred by

an ensemke mean of MAR3.5.2 simulatiofSolgan et a] 2019. We employ these inferred sectacale

balance fluxes to partition the annual runoff aitgberg components of iegheet mass losduring the
19952015 period (for more detail, see Colgan et al. 2019)

Figurel0: Bottom panel: Time series of ice discharge from the Greenland ice sheet. Dots represent when observations
occurred. Orangesteppédihe 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.
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