Dear Editor,

First we would like to thank reviewers for their relevant comments which have helped us to
improve our manuscript.

Responses to each individual reviewer have been posted on TCD.

The main changes in respect to the original version are:
* anew title has been chosen to better match the message of the article,
« the addition of the comparison of the different models with GC-Net in-situ
observations

All the minor corrections and improvements suggested by reviewers and the new co-
authors (Dirk van As and Robert S. Fausto) have been taken into account in the revised
version of the manuscript.

All the best,

Alison Delhasse

PS : It seems that there was a problem with the references during the track change, but all
the references are correct in the new manuscript
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We first would like to thank the reviewer comments which will help to improve our manuscript.

A lot of competent work has been performed comparing the MAR regional climate model against
the ERA-Interim and especially ERA5 global reanalyses in relation to surface meteorological
observations from the margins of the Greenland ice sheet (ASR as well). My main concern is
that the analysis is incomplete as it stands because the analysis does not represent the entire
ice sheet (see Figure 1). Obvious surface data sets for an expanded evaluation are from GC-Net
and Summit. And because SMB is the focus, snow accumulation and melt extent in relation to
satellite passive microwave observations comparisons are needed. In summary, more than a
Brief Communication is required.

The SMB analyse of MAR is not the goal of our paper. We aimed to evaluate the near-surface
climate of different reanalyses against the regional climate model MAR. As reanalyses do not
provide SMB, this would be a single assessment of the MAR ability to represent the SMB and
melt at high resolution. This is the subject of a future planed paper where we will evaluate the
MAR SMB and melt at high resolution with satellite passive microwave observations among
other things when ERA5 will be available over its whole period 1950-2019. Over 1979-2018,
MAR SMB forced by ERA-Interim and ERA5 are very similar but over the ERA40 period, it could
be very different.

We agree that having a larger observation cover over Greenland ice sheet for our analyse will be
better. However, the reason why we choosen only the PROMICE observations (which cover
mainly the ablation area of the GrIS) is these ones are not assimilated into the reanalyses. This
means our comparison is completely independent of observations. If observations of GC-Net
and Summit network are included, statistical results would be more favourable to the reanalyses
as they are not independent of these observations. However, if the editor requires such an
additional analysis, we can add a supplementary observations-dependent comparison with more
in situ observations.

Other comments

1. Title: "Interest of a" makes the title strange.

2. Page 4, line 5: "following"

3. Page 7, line 11: "an insignificant".

4. Page 10: Provide the title for the Cox et al. Reference.
5. Page 12, line 18: "ATSR"?

Ok, thanks. All of these will be taken into account in the revised version of our paper.
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We first would like to thank the Reviewer#2 for the thoughtful comments which will help to
improve our manuscript.

| would like first to thank the authors for a well written, clear and easy to follow paper. The
comparison of the appealing model ERA5 with “its older version” Era-Interim and some RCM is
of interest to the field, however | do think that the work done in this paper is incomplete and
needs some improvements to obtain sustainable conclusions. As a general idea, | would like to
see more “proofs” or arguments of some of the statements claimed by the authors (see
detailed comments below).

1.- The AWS used do not cover the whole ice sheet and I was wondering why not using some other
available data as the one provided by GC-net stations.

The GC-Net observations have two major drawbacks: the fact that they are assimilated in reanalyses
(ERA-Interim, ERAS5 and ASR) that does not enable for a statically independent comparison, and
then numerous measurement errors which is why we only used the observations from the
PROMICE network.

However, as adding a comparison to GC-Net was requested by both reviewers, we suggested to add
this comparison in supplementary material. We think that keeping this comparison independent of
the evaluation using the PROMICE data is relevant as it keeps the independence between the
evaluation and the models. Below, you will find the main result of this comparison that we plan to
add in the supplementary material with Tables R1 and R2.

We used 16 AWS of the GC-Net network which have available data for the period 2010-2016. A
selection of weather stations has been made (Table R2 p.3), similarly to the PROMICE selection.
The stations excluded and the reasons why are described in point 2.2 p.4-13.

The main conclusions of this new analysis (Table R1) are presented here and will be added in the
supplementary material.

Pressure

All statistical comparisons of the surface pressure demonstrate that all models succeed in
representing the daily variability of the surface pressure, except the correlation which is in general
lower when observations are compared to GC-Net than when compared to PROMICE. This is
probably due to errors measurements as several GC-net data present discontinuities in the surface
pressure records (see for example Figure R6 p. 9).

Temperature

The comparisons of ERAS and ERA-Interim 2-m temperature (T2M) are almost identical. All GC-
Net AWS are located in the accumulation area of the Greenland ice sheet where the spatial
variability of the topography is weaker than in the ablation zone and can be represented even at
lower resolution. Despite the increase in resolution, ERA5 does not improve the representation of
the temperature relative to ERA-Interim in the accumulation area.

The mean bias of modelled temperature from MAR is lower than the temperature bias in the
reanalysis products, as already shown when compare to PROMICE observations, but the
correlations are lower than those of the reanalyses. However, as mentioned before, the assimilation
of the GC-Net observations by the reanalyses biases this comparison and probably leads to
artificially better results for ERA5, ERA-Interim and ASR than MAR.
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Table R1. Mean bias (MB), RMSE, centered RMSE (RMSEc) and correlation (corr) between daily
observations from the GC-Net dataset and MAREI ,MARE5 , EI, E5 and ASR. Annual and summer
statistics are given for the 2-m temperature (T2M), the 10-m wind speed (W10M) and the shortwave
downward radiative flux (SWD) over 2010 — 2016

Annually Summer
MB RMSE RMSEc Cor | MB RMSE RMSEc Corr
MARy, 0,44 4,49 2,74 096 -0,48 3,18 1,32 0,97
Pressure MAR; 0,34 453 2,78 096 -1,38 3,24 1,33 0,97
(hPa)  E5 33 526 26 09 225 411 1,1 0,97
El 8,81 10,32 2,62 096 7,76 9,45 1,18 0,97
ASR 2,96 565 259 096 18 4,37 1,16 0,97
mean obs (2010-2016) 767,29 778,16
std obs (2016-2016) 12,28 6,41
MAR 0,36 4,45 371 094 -05 268 2,33 0,84
om MAR, 0,49 4,53 3,76 0,94 066 272 2,36 0,83
Temperature ERAS 071 4,22 3,27 0,96| -0,99 2,6 2,04 0,85
(C) ERAint 1,6 4,59 311 09| 1,02 3,05 2,07 0,85
ASR 1,74 4,05 33 09 098 281 231 0,85
mean obs (2010-2016) -19,94 -7,02
std obs (2016-2016) 11,48 4,15
UVIMAR, 105 215 1,76 0,74| 036 1,42 1,21 08
UV2MAR, 021 191 1,72 0,75 -0,67 1,54 1,23 0,79
_ UVIMAR, 123 225 1,78 0,75 0,53 1,47 1,25 0,79
ngn ?S%eed UV2 MAR, -0,03 1,94 1,75 075 05 151 1,27 0,78
E5 1,15 2,23 1,67 079 0,72 1,48 1,15 0,84
El 069 2,28 1,86 0,75 01 1,62 1,37 08
ASR 1,48 2,6 201 071 067 1,77 1,48 0,74
mean obs (2010-2016) 5,43 4,77
std obs (2016-2016) 2,66 2
MAR 2,26 36,92 3506 097 16 442 3989 0,86
?28@{%“,? MAR; 2,72 36,97 3502 0,9 1,21 44,16 3981 0,86
down (SWD, E5 6,54 31,01 2833 098 841 3508 2884 0,92
wW/m?  El 0,58 36,64 34,94 097 2,66 45091 41,5 0,88
ASR 15,03 34,91 2994 098 2587 4235 2998 0,92
mean obs (2010-2016) 141,43 287,42
std obs (2016-2016) 133,97 76
Wind speed

ERADS outperforms other models to represent the 10-m wind speed (W10M), as in the comparison
with the PROMICE AWS. Correlations are also the highest and RMSEc in ERAS are the lowest.
The mean biases in ERAS are not the lowest but there are lower than in other reanalyses (ERA-
Interim and ASR).

SWD
ERAS outperforms ERA-Interim to represent SWD, especially in summer. Only mean biases are
lower in ERA-Interim than in ERAS. Such an improvement in ERAS5 was already a conclusion of
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the comparison with the PROMICE observations, but this improvement is more significant in the
accumulation area.

ASR and ERAS better represent SWD than MAR for the same explanations discussed in the main
manuscript (see p. 8 lines 21-26 of the manuscript).

Variable AWS Justification

Inconsistencies and period of malfunction have been evidenced from visual inspection of the time series :

NASA-U May 2011
Crawford P1 May 2010
GITS Apr 2016
Surface DYE-2 May 2014 - May 2016
Pressure JAR1 Apr 2014
JAR2 Sep 2011
Petermann-ELA Apr 2013, Apr 2016
Neel Jun 2012
Summit Dec 2016 - Jun 2016
JAR2 Time shift of a few weeks
T2M Inconsistencies and period of malfunction have been evidenced from visual inspection of the time series:
JAR1 Jan-Aug 2011

Inconsistencies and period of malfunction have been evidenced from visual inspection of the time series :

Swiss Camp Jun, Jul 2014, Jun 2015 - Mar 2016
Wind NASA-E Jan-Apr, Dec 2010, Jun 2015 - Apr 2016
Speed NASA-SE Nov 2010 - Feb 2011, Dec 2012 - Jan 2013, Feb, Apr - May 2016
Saddle Nov 2011, Oct-Dec 2012, Mar-Apr 2013, Mar-Apr, Sep, Oct, Nov 2014, Apr-Nov 2015, Jan-Feb, Apr, Dec 2016
JAR2 Jul 2010, Sep 2010

Inconsistencies and period of malfunction have been evidenced from visual inspection of the time series :

GITS May-Sep 2014, May-Oct 2016
SWD JAR2 Sep-Oct 2010, Time shift
Petermann-ELA Jun-Oct 2011, Mar-May 2012, May-Oct 2013, Mar-May 2014, May-Oct 2016
NEEL Mar-Apr 2010, Mar-May 2014, May-Oct 2016

Table R2. Dissmissed GC-Net AWS per studied variable (2-m temperature, 10-m wind speed, and
shortwave downward radiative flux) and justifications.

In the main text p. 8 line 26, we suggest to add the following paragraph.

«3.5 Additional analysis

The same statistical comparison with GC-Net (Steffen et al., 1996) observations was performed to
better cover Greenland, as GC-Net stations are mainly located in the accumulation area. However,
it is important to note that GC-Net observations are assimilated into reanalyses (ERA-Interim,
ERAS5 and ASR) but not into MAR. Therefore, the comparison of models with GC-Net observations
was carried out separately from PROMICE observations in order to keep the independence of the
PROMICE comparison with data assimilation. The conclusions of this comparison are identical to
the results presented above, except that the assimilation of this data set into reanalyses favours the
reanalyses for the representation of T2M with respect to MAR. A more detailed analysis of the
results can be found in the supplementary materials (see Table S4). »

2.1 - The reasons given by the authors to exclude some AWS from the study need a better
argumentation: “differences between interpolated elevations” shouldn’t be a problem as long as the
elevation correction is performed. The authors claim, “as the comparisons were not improved we
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concluded that applying such a correction would add more uncertainties than using the raw
modelled fields without any correction” which from my perspective is wrong: if the correction
needs to be done, it needs to be done, the fact of doing it cannot rely on the results you are getting.

Annually Summer

Correction  Mean bias (°C) RMSE RMSEc Correlation |Mean bias (°C) RMSE RMSEc Correlation
None -0,38 2,63 2,32 0,97 0,32 1,91 1,3 0,85
MAR,. Local -0,32 294 2,71 0,96 0,84 2,2 1,58 0,82
0.6°C/100m -0,85 3,18 2,32 0,97 -0,15 2,43 1,3 0,85
None -0,33 2,64 2,33 0,97 0,58 1,91 1,29 0,85
MAR,, Local -0,75 3,35 2,8 0,96 0,61 2,51 1,66 0,8
0.6°C/100m -0,36 3,56 2,33 0,97 0,52 2,85 1,29 0,85
None -0,81 2,75 2,15 0,98 -0,22 2,14 1,25 0,86
ASR Local -1,33 3,17 2,54 0,97 -0,53 2,68 1,58 0,79
0.6°C/100m -1,1 3,57 2,15 0,98 -0,49 2,98 1,25 0,86
None -0,69 3,44 2,43 0,97 -0,31 2,77 1,51 0,83
ES Local -0,62 3,45 2,67 0,97 -0,09 2,74 1,84 0,77
0.6°C/100m -1,14 4,24 2,43 0,97 -0,72 3,71 1,51 0,83
None -1,73 4 2,84 0,97 -0,15 2,09 1,46 0,82
El Local -0,33 3,29 2,99 0,96 1,07 2,07 1,46 0,82
0.6°C/100m -3,11 5,38 2,84 0,97 -1,46 3,41 1,46 0,82

Mean Obs (°C) -8,65 1,78

Std (°C) 9,1 2,14

Table R3: Temperature statistical comparisons for the 5 models with and without correction of the
difference in elevation. All PROMICE AWS were used (21 AWS) for comparisons.

We have applied here two temperature corrections according to the elevation difference:

- a fixed one — 0.6°C/100m (Hanna et al., 2005, 2011)

- a time and local varying correction — temperature gradient as a function of the local altitude
variation (4 grid cells around the pixel closest to the station) similarly to Franco et al. (2014).

The results being different depending on the correction used, we prefer to not introduce additional
uncertainties associated with such a correction into the calculated statistics by choosing one
correction rather than another. Moreover, the other variables cannot be corrected, therefore we
prefer to remain consistent with them and keep the raw model data.

2.2 Another reason of removing some AWS are “unfavourable comparisons” or “unfavourable
statistics”, I am quite reluctant of accepting those as fair reasons unless some more specific
information about them is provided (percentage of missing data, values that are totally out of range
because of measurement errors...)

To better justify our selections of AWS, we have contacted the PROMICE network managers (D.
Van as and R. S. Fausto), who will be added as co-authors of this paper. When the station fan is not
running, temperature observations cannot be reliable. Therefore, only temperature data when fan is
running (Fan current > 100 mA) are now considered. Finally, the stations with the two following
points were excluded from the comparisons:

(1) Too large difference in elevation between the station and the corresponding grid cells of all
models (> * 250 m): we maintain that it is not possible to represent the different climate variables
analysed here with such a difference in elevation.

(2) Data records containing measurement errors as illustrated below.
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The same criteria were applied for the comparison of models with GC-Net observations. Except for
the fan criterion that can’t be applied for GC-Net temperature time series because a fan state time
series is not available in the dataset.

Examples of instrument errors by variable and network (reason for exclusion (2)) are as follows. We
compared the time series of the observations with those of 3 models (MARgs, E5 and ASR) to
highlight measurement errors.

PROMICE AWS

Pressure (hPa): Excluded AWS pressure time series are characterised by a shift of tens hPa in a few
days which is no climatically possible. Here an example at TAS_A in February 2014. Systematic
shift between models are due to difference in elevation of the respective grid cells.

Figure R1: Observed (red) and modelled (MARgs in black, E5 in green and ASR in blue) surface
pressure at TAS_A in 2014.
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Temperature (°C): Malfunction of the artificial ventilation system can be responsible for significant
biases in the temperature measurements (Van As, comm pers 2019). The comparison has been re-
done by excluding data for which the ventilation system was not active. Although this undoubtedly
improves the quality of the observational dataset, some other unexplained problems remain, like for
station NUK_L in Winter and Spring 2011 (see below). Therefore, this station was dismissed.

Figure R2: Observed (red) and modelled (MARgs in black, E5 in green and ASR in blue) 2 m
temperature at NUK_L in 2011.

10,

1 -1 .-
| r !"N .n i "'..g b \ N
il TN
] i 1
0. — . ' «P J|

AT

Q—m— Illlx ﬁ\ ‘m | M I’ in
N IL | il i
o W | i i

JAM FEB [ AFR [LEN JUN JUL AUG SEF joleg) [Rim DEC

——— MARERAS
— Observations NUK_L 011
ERAS5
T ASR Temperature



Response to Review #2 Delhasse et al. (2019) 7/17

Wind speed (m/s): As shown in the figure below for the NUK_L AWS in 2013 (June-July), a
constant wind speed of 0 m/s over a quite long period is not climatically realistic and could be
explained by frozen instruments.

Figure R3: Observed (red) and modelled (MARgs in black, E5 in green and ASR in blue) horizontal
10-m wind speed at NUK_L in 2013.
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SWD & LWD (W/m?): The next two figures clearly illustrate examples of SWD and LWD sensor
problems between March and July 2015 at QAS_U AWS.

Figure R4: Observed (red) and modelled (MARgs in black) shortwave radiation downward
at QAS_U in 2015.
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Figure R5: Observed (red) and modelled (MARgs in black) longwave radiation downward at
QAS_U in 2015.
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GC-Net

Pressure (hPa): Excluded AWS pressure time series are characterised by shift of tens hPa in few
days which is no climatically possible. Here an example of GITS station in 2016.

Figure R6: Observed surface pressure at GITS during 2016-2017.
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Temperature: Temperarute time serie of JAR? is time shifted of few weeks.

Figure R7: Observed (red) and modelled (MARgs in black, E5 in green and ASR in blue) 2 m
temperature at JAR2 in 2012.
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Wind speed (m/s): As shown in the figure below for the NASA-E AWS in 2013 (March-April), a
constant wind speed of 0 m/s over a quite long period is not climatically realistic and could be
explained by frozen instruments.

Figure R8: Observed (red) and modelled (MARgs in black, E5 in green and ASR in blue)
horizontal 10 m wind speed at NASA-E in 2013.
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SWD (W/m3): The Fig. R9 clearly illustrate a SWD sensor problem between May and October 2013
at Petermann-ELA station.

Figure R9: Observed (red) and modelled (MARgs in black) shortwave radiation downward at
Petermann-ELA in 2013.

4_0(}‘ 1 1 1 1 1 1 1 1 1 1 1

3G, — {VD -

W 2
Pt

1093, — —

b
o

O- T T T T T T T T T T T
JAR FEE MAR AFR MAY JUM JUL ALG SEP oCT M DEC

——— MARES
Observations Petermann-ELA 2013

Shert Wave Downward

We suggest them to change this paragraph (Pg. 3 lines 21-26) :

« For each of the studied variables (pressure, 2-m temperature, 10-m wind speed, short-wave and
long-wave downward radiative fluxes), we excluded the AWS with: (1) differences between all the
interpolated elevations of the four models (see section 2.3.3) and the actual AWS elevation higher
than 250 m, (2) unfavourable comparisons resulted from measurement errors in the observed time
series, and (3) unfavourable statistics (correlation and RMSE) for the four models (MAR, ASR, E5
and EI) suggesting a likely influence of local surface conditions not represented at the spatial
resolutions of the models used here. The AWS excluded and the reasons for their exclusion are
listed in Table S1.»

to:

« For each of the studied variables (pressure, 2-m temperature, 10-m wind speed, short-wave and
long-wave downward radiative fluxes), we excluded the AWS with (1) too large a difference in
elevation between the station and the corresponding grid cells of all models (> +- 250 m), and (2)
data records clearly subject to instrument malfunction. The AWS excluded and the reasons for their
exclusion are listed in Table S1 of the supplementary material.
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The time series of temperature observations have been improved. A selection criterion for
observations was applied to these time series to exclude measurements when the ventilation of the
station is not active. Indeed, an unventilated temperature can be significantly warm biased by solar
radiation and thus cannot be considered as reliable.»

In the supplementary materials, we suggest to improve Table S1 as follows (Table R4):

Variable AWS Justification

SCO_L Difference between AWS and interpolated model elevations higher than 250 m in absolute value for all models

Surface Inconsistencies and period of malfunction have been evidenced from visual inspection of the time series :
Pressure  TAS_A Feb 2014

QAS_A Feb 2015

TAS_L May-Jun 2011, Mar 2012, Nov 2013

SCO_L  Difference between AWS and interpolated model elevations higher than 250 m in absolute value for all models
M Inconsistencies and period of malfunction have been evidenced from visual inspection of the time series :

NUK_L Jan-Jun 2012

SCO_L  Difference between AWS and interpolated model elevations higher than 250 m in absolute value for all models

Wind
Speed Inconsistencies and period of malfunction have been evidenced from visual inspection of the time series :
NUK_L Jun-Jul 2013
SCO_L  Difference between AWS and interpolated model elevations higher than 250 m in absolute value for all models
LWD Inconsistencies and period of malfunction have been evidenced from visual inspection of the time series :
QAS_U Feb-May and Jul-Aug 2012, Feb-Jul 2015
NUK_U Dec 2010, Jan-Aug 2011
TAS_U Jan-Jul 2011
SCO_L  Difference between AWS and interpolated model elevations higher than 250 m in absolute value for all models
Inconsistencies and period of malfunction have been evidenced from visual inspection of the time series :
SWD QAS_U Feb-May and Jul-Aug 2012, Nov-Dec 2013, Jan-Apr 2014 and Feb-Jul 2015
NUK_U Jan-Aug 2011
NUK_L Jan-Jun 2011
TAS_U Jan-Jul 2011

Table R4. Dissmissed PROMICE AWS per studied variable (2-m temperature, 10-m wind speed,
longwave and shortwave downward radiative flux) and justifications.

3.- “all the models succeed in representing the daily variability of the surface pressure”, in my
opinion this cannot be concluded just by seeing values on Table S3-S7. Actually, some biases and
RMSE are higher than I expected.

These biases are due to difference in elevation between AWS and models grid cells corresponding
elevation (example Fig. R1 p. 5). In a standard atmosphere, the pressure/altitude ratio is
10 hPa/100 m. In the case of TAS_A, difference in elevation with the station are:

-MAR-95m

- ERA5-401 m

-ASR -251 m
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The correlation here is a more relevant statistical index (than RMSE and mean bias) because it
accounts for the time variability in surface pressure without being influenced by differences in
elevation between models and stations.

4.- The authors write several times about “statistical significance” when no hypothesis testing
procedures seems to have been applied. Hence, without a test statistics we cannot conclude “just by
eye” if a value is or not significant. Please be careful with that.

We agree with this point. The first time we used “statistically significant” in the paper, we forgot to
explain what it means. We use “significant” when the RMSE is lower than the standard deviation,
which means lower than the daily variability.

This specification will be added to the paper as follows:

We suggest then to change this paragraph (pg. 5 lines 7-8):

“All models have correlations higher than 0.96 at the annual scale and higher than 0.82 in summer
with PROMICE based T2M and a RMSE representing about 30% of the daily variability and then
the biases can be considered as not statistically significant.”

to:

“All models have correlations higher than 0.96 at the annual scale and higher than 0.82 in summer
with PROMICE based T2M and a RMSE representing about 30% of the daily variability and then
the biases can be considered as not statistically significant (i.e. lower than the daily variability of
the PROMICE observations).”

5.- “RMSE representing 30% of the daily variability” (p.5 1. 8) I am not sure how the authors could
have computed that. Similar to p.7 1.12.

These 30% are calculated by comparing the RMSE to the standard deviation. Annually, RMSE
range for all models is 2.41 — 3.65 °C, which represent about 30% of the standard deviation
(9.33°0).

We suggest then to change this sentence (p. 5 line 8):

“All models have correlations higher than 0.96 at the annual scale and higher than 0.82 in summer
with PROMICE based T2M and a RMSE representing about 30% of the daily variability and then
the biases can be considered as not statistically significant.”

to:

“All models have correlations higher than 0.96 at the annual scale and higher than 0.82 in summer
with PROMICE based T2M and a RMSE representing about 30% of the daily variability (taken as
the standard deviation) and then the biases can be considered as not statistically significant.”

6.- “Two distinct elements can explain the statistical differences between the representation of T2M
by the models considered here. First, the difference in altitude between the station and the
corresponding interpolated model elevation” (p. 5 1.18). This is confirmed after having written at
the end of page 4 that the elevation correction was not needed (see also item 2 in my comments).

We understand that there may be a misunderstanding here. The temperature correction as a function
of difference in elevation was not applied because we consider that adds more uncertainty and not
because no correction should be applied. The difference in altitude between model and station has



Response to Review #2 Delhasse et al. (2019) 15/17

an obvious influence on the statistical comparison of temperature with observations, but not only on
this last one, this also influence the other variables like SWD, LWD, wind speed,...

7.- “To conclude, MAR shows the best accuracy when modelling T2M which might also lead to a
better representation of the surface melt (not evaluated here) and therefore of the SMB.” (p.7 1.8) 1
think this is too much to be concluded from the analysis the authors performed.

We agree. This sentence will be transformed to “To conclude, MAR shows the best accuracy when
modelling T2M which might also lead to a better representation of the surface melt (not evaluated
here).”, because the SMB evaluation is not the aim of this paper and surely requires additional
analysis.

8.- “the correlation of the wind speed is neither sensitive to the vertical level used in MAR (2-m vs
10-m) nor to switching the forcing from EI to E5.” (p.7 1.24) A statistical test has not been
performed so I do not think the authors can claim that those correlations are not sensitive to vertical
levels.

As we explained in point 4) above, for this type of explanation, we rely on the fact that a difference
is significant if it is higher than the daily variability of the observations.

9.- In the discussion section be careful with using the terms “statistical significance” when no
testing procedure has been applied.

As we explained in point 4) above, significance refers here to higher than the standard deviation.

10.- I agree to RMSE being a common element that does not need to be explicitly defined, but for
the centred version at least the formula should be provided in the supplementary material.

RMSECc formula will be add in the supplementary materials:

I
cRMSE = RMSE — bias = ||
N

:zzi[:rni —0;)°

Tt

—(m—a)?

Where n is the number of observation, m; is the modelled value, o; is the observed value and m
and o are respectively average of modelled and observed values.

11.- As probably a possible extension of this work some other measurements (more than annual or
summer means) should be taken into account to fully analyse the behaviour of ERA5 against any of
the other models.

We are not sure that we have understood the meaning of this remark. We used daily observations to
evaluate ERAS and the other models (specified in p.4 line 1 of the paper). The statistic index (mean
bias, correlation and RMSE(c)) between the time series (daily scale) were calculated for the
summer period (JJA), the most interesting period for the ice sheet, as well as for the annual period
to complete the analysis. By doing so, time series analysis for other seasonal periods might be of
lesser interest and we decided to ignore them.

If the Reviewer means using more data, as explained in the first point, we add the statistical
comparison with GC-Net observations available to better cover the Greenland ice sheet. We plan to
write a companion paper discussing SMB and its components resulting from MAR forced by ERA5
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with those from MAR forced by ERA-Interim and ERA-40 when ERAS5 will be available from
1950. We will add this perspective in our conclusions.
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Abstract. The ERAS reanalysis, recently made available by the European Centre for Medium-Range Weather Forecasts
(ECMWF), is a new reanalysis product at a higherresetution—which—wilt-reptace-high resolution replacing ERA-Interim,
considered-to-be-the-best-and is considered to provide the best climate reanalysis over Greenland untit-newto date. However, so
far very-little is known about the performance of ERAS when-compared-te-ERA-Interim-over the Greenland Ice Sheet (GrIS).
5 This study shows (1) that ERAS improves-notsignificantly-the-does not significantly outperform ERA-Interim in a comparison
with near-surface climate observations over GrlIS, (2) that polar regional climate models (e.g. MAR) are still a useful tool to
study-downscalle the GrIS climate compared to ERAS, in particular in summer, and (3) that MAR results are not sensitive-te
theforeing-used-affected when forced at its lateral boundaries {by either ERAS5 or ERA-Interim).

1 Introduction

10 Reanalyses are global datasets describing the recent history and current state of the atmosphere, land surface, and oceans. They
merge sparse observations into a space- and time-continuous product over the whole Earth. These datasets, commonly used in
geophysical sciences, enable for instance to evaluate recent climate trends (e.g., Belleflamme et al., 2015; Hanna et al., 2018)
and to constrain numerical climate models at their boundaries (e.g., Stark et al., 2008; Fettweis et al., 2017; Noél et al., 2018).

The ERAS reanalysis (Hersbach and Dick, 2016), recently made available by the EEMW¥European Centre for Medium-Range

15  Weather Forecasts (ECMWF), is a new reanalysis product that wil-seen—replace-has replaced ERA-Interim since the Ist
September 2019, considered until now as the best reanalysis over Greenland (Chen et al., 2011; Jakobson et al., 2012; Lind-
say et al., 2014; Fettweis et al., 2017). In addition to the model improvements listed in Hersbach and Dick (2016), ERAS is
available at higher vertical and spatial resolution (0.3°) than ERA-Interim (0.75°). This new generation of reanalysis products
has been already evaluated over North America as forcing field for a land surface model (Albergel et al., 2018), over Europe

20 (Urraca et al., 2018) and over the Arctic Ocean (Wang et al., 2018) but not yet over the Greenland Ice sheet (GrIS).
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Because of the finer resolution of ERAS5 (~31 km over the equator and ~15 km over Greenland), the question of the
relevance of using regional reanalyses (e.g. Arctic System Reanalysis, ASR, Bromwich et al., 2016, 2018) or polar-oriented
regional climate models (RCMs) (e.g., Fettweis et al., 2017; Noégl et al., 2018) to study the near-surface climate of the GrIS can
be raised. The spatial resolutions are now more similar while the time and spatial evolution of snow pack properties, and the
surface energy balance (Rae et al., 2012), remain poorly represented in global reanalyses (e.g., Bougamont et al., 2007; Reijmer
et al., 2012; Goelzer et al., 2013; Vaughan et al., 2013; Vernon et al., 2013; van Kampenhout et al., 2018). Moreover, in the
context of the substitution of the ERA-Interim reanalysis, it is relevant to assess the new product, ERAS, as a forcing dataset
for (regional) climate models or positive degree day models simulating the surface mass balance (SMB), not yet represented in
global reanalyses.

The main goals of this study are (1) to evaluate ERAS against ERA-Interim and ASR reanalyses by comparison with a set of
near-surface climate observations covering the GrIS not assimilated in the reanalyses (Ahlstrom et al., 2008), (2) to highlight
the added value of using the state-of-the-art RCM MAR (Modele Atmosphérique Régional, Fettweis et al., 2017) forced by
both ERA-Interim and ERAS to simulate the near-surface climate of the GrIS, and (3) to evaluate the sensitivity of MAR based

near-surface climate to the forcing used (ERA-Interim and ERAS reanalyses) at its lateral boundaries.

2 Data and methodology
2.1 Reanalyses
2.1.1 The ERA-Interim reanalysis

The fourth generation reanalysis from the ECMWF (ERA-Interim, Dee et al., 2011), available at a spatial resolution of ~
0.75°(about 41 km at Greenland) and a time resolution of 6-hourly for analysis fields, has been widely used over the Arctic
(e.g., Kapsch et al., 2014; Simmons and Poli, 2015; Bieniek et al., 2016) and especially over Greenland (e.g., Lucas-Picher
etal., 2012; Bennartz et al., 2013; Merz et al., 2013; Cox et al., 2014). The ERA-Interim reanalysis (EI hereafter) is considered

as the reference in this study.

2.1.2 The ERAS5 reanalysis

The last-generation—from-the-latest generation of ECMWF reanalyses, ERAS reanalysis-(ES hereafter, Hersbach and Dick,
2016), has a higher spatial (~ 31 km and about 15 km at Greenland) and temporal (hourly analysis fields and 3-hourly for the

ensemble of data assimilation) output-resolution than EI In-the-nearfuture; ES willreplace-has replaced EI. ES is now available
from 1979 to near-real timebut-should-finalty-cover-a-period-starting-, but is planned to start in 1950. Beside the higher time
and spatial resolution, the main improvements compared to EI consist in a higher number of vertical levels (137 versus 60 in
EI), an improved 4D-VAR assimilation system, more consistent sea surface condition input products, a globally better balance

between precipitation and evaporation, and more (new) data assimilated (ECMWEF, 2018).
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2.1.3 The Arctic System Reanalysis

ASR is a regional reanalysis product for the Arctic region (Bromwich et al., 2016). ASR version 2 (called ASR hereafter,
Bromwich et al., 2018) has a finer horizontal resolution (15 km) than E5 and has 71 vertical levels. ft-has-a-3-heurly-The
outputs have a 3-hourly time resolution covering the 2000s (2010 —2016) using the-version 3.6.0 of the Polar Weather Research
Forecast model (Polar WRF, Skamarock et al., 2008) and the community WRF data assimilation system based on a 3D-Var
technique. ASRv2 improves the comparison of near-surface climate variables with observations compared to ASRv1 and EI

over the Arctic (Bromwich et al., 2018).
2.2 The model MAR

The model MAR is a RCM specifically designed for polar areas (Amory et al., 2015; Lang et al., 2015; Kittel et al., 2018;
Agosta et al., 2019) and abundantly evaluated over Greenland (e.g., Fettweis et al., 2011, 2017). In this study, we use the last
version of MAR (3.9.6). The main improvements compared to the previous MAR version used in Delhasse et al. (2018) are
related to the computational efficiency of the model and its numerical stability. MAR is forced at its lateral boundaries (temper-
ature, specific humidity, wind speed, pressure, sea surface temperature and sea ice concentration) by EI and ES reanalyses over
Greenland at a spatial resolution of 15 km over 2010 —2016. The MAR lateral boundaries are chosen to be far enough to enable
the model to simulate its own climate in the atmospheric boundary layer over Greenland. These simulations are respectively
called hereafter MARE; and MAREs.

2.3 Obervations
2.3.1 PROMICE network

The PROMICE (Program-Programme for Monitoring of the Greenland Ice Sheet) network (Ahlstrom et al., 2008) provides

daily-hourly measurements from automatic weather stations (AW-S)-mainly-over-the-melting-AW Ss) mainly in the ablation area

of the GrIS since mid-2007. We use the raw-eutput-data—without-any-ecorreetions PROMICE-generated daily-average values
from 21 of the 25 AWS-AWSs available (see section 2.3.2). Nete-that- PROMICE observations are neither assimilated in the

reanalyses nor in MAR sueh-that-ourcomparisonis-so that model output is truly independent from the observations.

2.3.2 AWSAutomatic weather stations

Among the time series from the 25 AW-S-AWSs available in the PROMICE dataset, we dismissed the ones out-of-the-considered

period—in—this—study-established after the end of our study period (2010 — 2016). The remaining 21 AW-S-AWSs (Figure
1) are tisted-mentioned in supplementary materials (Table S2);-as-wel-as-the-corresponding-S1), also listing differences in
elevation fer-model-grid-pointsat the AWS sites between model and reality. For each of the studied-variables-model variables

of interest (pressure, 2-m temperature, 10-m wind speed, short-wave and long-wave downward radiative fluxes), we excluded

the AWS withwhen: (1)
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Figure 1. Localisation of the 21 AWS-AWSs from the PROMICE network used in the study. Biue-The blue line in sub-maps-detailed maps
represent the Himitbetween-the-ice sheet and-the-tundramargin.

actual-AWS-elevation-higher-than-a too large difference in elevation between the station and the corresponding grid cells of
. . . ies), and (3)

2) data records clearly.
subject to instrument malfunction. The AWSs excluded and the reasons for their exclusion are listed in Table S+-S2 of the
supplementary material. The robustness of the observed temperature time series has been improved with a selection criterion
excluding measurements when the ventilation of the station is not active. An unventilated temperature can be significantly
warm biased by solar radiation and thus cannot be considered reliable.

2.3.3 Comparison method

At-the-time-of-the-beginning-of-When we stated our study, only the peried-2010 — 2017 period was available for ES, while
ASRV2 is available until 2016. We have therefore limited the comparison to the time period spanning 2010 — 2016.
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Here we assess the near-surface climate of the GrIS simulated by E5 against PROMICE observations at a daily time scale.
We also compare it to the previous reanalysis generation, EI, the regional reanalysis ASR and two MAR simulations. Four
variables are evaluated here as proxy of the near-surface climate: 2-m temperature (T2M), 10-m wind speed (W10M), short-

wave downward radiative flux (SWD) and long-wave downward radiative flux (LWD).

Modelled values of these essential climate parameters are computed for each AWS location fellewewingan-average-distance-weigthed

following an average-distance-weighted values of the four nearest grid peintpoints. To evaluate modelled values, we compare
the correlation, the root mean square error (RMSE), the centred RMSE (RMSEc, Eq. S1 in supplementary materials) and the
mean bias (MB) between daily observations and each modelled datasets. These statistics are calculated for each day of AWS
observations, averaged over 2010 — 2016 and for all AW-SAWSs, by applying a weighted average according to the number of
available observations for each station.

For T2M statistics, we initially tried to correct modelled temperature values from the altitude difference between the sta-

tion and the model interpolated elevation with a time variable vertical temperature gradient. As the comparisons were-net

improveddid not improve, we concluded that applying such a correction would add more uncertainties than using the raw

modelled fields without any-elevation correction.

3 Results

Results-of-the-comparison-between-The comparison of daily observations and model values for the four main variables are

tistedis summarized in Table 1. Before analysing each variable in the next sections, it should be noted that all the-models
succeed in representing the daily variability of the-surface pressure and then the-synoptic circulation with correlation reaching

values in the range 0.97 — 0.99 (listed in supplementary materials, Table $3-S6 — S7S10).

3.1 Temperature

All models-have-correlations-higher-than-model-generated temperatures correlate with PROMICE measurements with values
exceeding 0.96 at the annual scale and higher than 0.82 in summerwith-PROMICE-based-T2M-and-aRMSE-. With RMSE

values representing about 30% of the daily variability and-then-the-(taken as the standard deviation) the biases can be considered
as not-statistically-significantstatistically insignificant (i.e. lower than the daily variability of the PROMICE observations).

Coneerning-the-reanalysis-produets;—it-should-be-noted-that-ASR outperforms the ERA reanalyses and that-E5 does not
outperform EI: despite ES having-a-higher-correlation-correlating better in summer (0.85 VS 0.83), EI has a smaller RMSE in
summer than E5 (2:66-2.50 °C vs +:98-1.93 °C).

The analysis-of- MARgand- MAREsagainstER

are-clearly-smallerfor-the-temperature-stmulated-by-MARadded value of MAR is recognisable in the yearly absolute values
of MB that are smaller. In summer the temperature bias—from-biases in both MAR simulations are the highest, but the same

simulations shews-show the lowest RMSE(c) and highest correlation with observations (0.87). Both ERA reanalyses perform
worse than MAR, while ASR shows similar statistics as MAR.
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MARGg:s is colder in summer than MARg;, but they-the two simulations
produce similar temporal variability.

Two distinet-elements-ean-explain-explanations can be given for the statistical differences between-therepresentation—of
F2M-by-the-modelsconsidered-herein T2M between the models. First, the-a difference in altitude between-the-station-may exist
between the AWS and the corresponding interpolated model elevation, which mainly influences the annual MB. For example,
the interpolated elevation of the EI grid is 770 m higher at AWS QAS_L (see Table $S2-S1 in supplementary materials) while
the difference in altitude is lower for the other models (151 m for E5, 6 m for ASR and 119 m for MAR). This difference lead
leads to a negative MB of EI (-4:81--4.89 °C, Table S12S15) and erroneously suggests that this model is colder at this location.
The second element-influeneing-difference in the modelling of T2M is the better representation by the two regional models
(MAR and ASR) of the physical processes at the surface of the GrIS. This consequently results in a better representation of
surface-atmosphere interactions, which are influenced by the melt of the snow pack when the excess energy is used to melt
snow or ice and not to warm the surrounding air, and by the density of the snow pack, which is better modelled in the polar
RCMs. The-influence-of betterresolving-the-Resolving surface processes (i.e. melt-albedo feedback) whieh-that are driving the
near-surface temperature and melt variability is particularly relevant in summer when the statistics of both ERA datasets are
worse than those of RCMs.

The finer resolution of the regional-medels-RCMs and the inherently better representation of the topography could also play
an important role in the better representation of climate variables. However, it appears to be netrelevantirrelevant here, since
the new reanalysis E5 has a resolution similar to MAR and ASR, and E5 does not perform-better-than-Eloutperform EI in
terms of daily near-surface temperature. For example, AWS—where-difference-in-elevation-areless-or-equal-to-AWSs where
elevation differences are less than 100 m (NUK_U, KPC_U, KAN_U, UPE_U, TAS_A, NUK_N), T2M from EI and ES5 are
better represented annually than in summer. By contrast, T2M from both RCMs for the same AWS have significantly better

statistics in summer than both ERA reanalyses.

TFhe-last-point-to-diseuss—is-the-Finally, annual T2M representation-simulation by ASR (correlation 0.98) by-ASR-which
is-shightly-higher-correlated-than-is slightly better than for MAR (correlation 0.97), while the two MAR experiments-have-a
and MAR might be due to the assimilation of observations from DMI (Danish Meteorological Institute) weather stations which

line, which are generally close to the PROMICE AWSs located in the ablation area. Althrough DMI data is not assimilated in
MAR, this last one provides the most accurate representation of T2M over the GrIS in summer.

To conclude, MAR shows the best accuracy when modelling T2M which might also lead to a better representation of the

surface energy balance and melt (not evaluated here)and-therefore-of-the-SMB.
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3.2 Wind speed

WI10M in each model is well correlated with observations (Table 1, annually > 6;86-0.79 and in summer > 6;74)-and-a-0.73)
and has an insignificant RMSE representing 70 %-% of the daily variability (Fable—ttaken as the standard deviation), except
for ASR in summer where the RMSE is higher than the standard deviation.

Generalty,-wind-Wind speed depends on synoptic atmospheric features, but also on interactions with the surface and local
topographic conditions:sueh-as-glaciat-vatieyfe—g—QAS—L)—. These generate persistent and widespread katabatic winds,
and winds being channelled through valley in mountainous coastal areas of Greenland. It is difficult for alb-models to correctly
represent the surface wind regime in these-mountainous areas due to their eearseresolution-preventing-a-detailed-representation

ofthe-local-topographyresolution exceeding the topographical length scales.
ES is-higher-correlated-to-correlate better with in-situ observations than EI, MAR and ASR at the annual and summer time

scales, and also has a smaller RMSE and RMSEc.

Despite the improved representation of W10m in ES, both EI and ES underestimate W10M (negative bias between -0:96-and
-6:78—1.06 and -1.04 ms~!) whieh-has-already-as also shown by Moore et al. (2016) over Greenland and Jones et al. (2016)

over Antarctica. Nevertheless not all PROMICE AWSs are located near the relatively steep ice sheet margin where mountains
may or may not be present, disallowing the models to well capture the katabatic winds in the shallow atmospheric boundar

layer. The models can also be not able to reproduce the near-surface temperature deficit, and/or they have too few levels near
the ice sheet surface. It should be noted that the underestimation of wind speed would be even stronger-at-the-effective-larger

at the height (~2:5-3 m) at which the-wind is measured by the PROMICE AW-SAWSs.

WI10M in ASR and in both MAR simulations (UV1 in Table 1) is overestimated with respeet-to-observations{(peositive-bias
reaching—1-52-a positive bias higher than 1.3 ms™!)—But-the-, The biases are reduced when-the-for MAR wind speed (5V2-at
~2 m +(UV2 in Table 1)is-taken-at-, which is more similar to the height of the AWS measurements. However, the correlation

of the wind speed is neither sensitive to the vertical level used in MAR (2 m vs 10 m)nerte-switching-the-foreingfrom-Elto-,
nor to EI versus ES forcing.

3.3 Longwave downward radiative flux

Contrary to the near-surface wind speed and temperature observations that are usually assimilated in reanalyses, observed
downward radiative fluxes are usually not. Forecasted radiative fluxes simulated by the three reanalysis models have therefoere
been-used-in-this-study-to-eompare-to-been compared to in-situ observation of radiative fluxes.

Table 1 shows that each model has a satisfactory representation of LWDand-differences—. Differences with PROMICE
observations are notsignificant-while-small, with all the models underestimate EWBD-underestimating LWD by 10 — 16 Wm 2.

ES provides-the-best-performaneesfor EWD-compared-to-the-two-othersreanalyses—with-the-performs the best for LWD
producing the highest correlation coefficients (0.94 annually, 0.89 in summer) and the smallest RMSE.
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The two MAR simulations are

similar, but the reanalyses show
more favourable comparisons. The temporal variability of LWD is better represented by the reanalyses, yet the yearly MB are

smaller for MARg; (-11.35 Wm™?2) and MARgs (-10.58 Wm™2)eompared-to-the reanalyses.
The better LWD statistics of the three reanalyses compared to MAREg; and MARES is partly-due-to-the-assimilation-of-the

likely related to their assimilation of

radiance from satellite data, as well as the assimilation of sparse coastal temperature and humidity profiles from radiosondes
(Dee et al., 2011; Bromwich et al., 2016). This enables a better representation of incident radiative fluxes ﬂ?ﬂ—f)ﬂe—hﬂﬂd—fhfﬁﬂgh

including the thickness, water phase ©

which-the-speetfic-humidity-and-temperature-are-only-preseribe-and temperature. MAR does not assimilate such observations
but is only forced at its lateral boundaries every 6-hours and-MAR-elouds-(specific humidity and temperature). Clouds in MAR

are the outcome of the model’s-own climate and microphysics of the model.
3.4 Shortwave downward radiative flux

Table 1 reveals-shows that each model performs well at representing SWD (yearly correlation >= 0.97 and summer correlation
>=(.88) and differences with PROMICE observations are not significant.

Simitarty-Similar to the LWD statistics, reanalyses-betterrepresent-SWD-the reanalyses represent SWD better than the RCMs,
with E5 providing the best statistics.

The ASR reanalysis overestimates SWD (yearly MB = 6:86-7 Wm ™2 and summer MB = 22.87-23 Wm ™ ?2) whencompared
to-other-models-whereas other models underestimate SWD (MB = -4 Wm™?2 on average), as atready-also_highlighted by
Bromwich et al. (2018). Large LWD and SWD biases in ASR indicate that additional model improvements in Polar WRF
are necessary to better capture the radiative cloud effects despite improved model cloud physics between ASRv1 and ASRv2
(Bromwich et al., 2018).

The assessment of SWD as represented by both MAR experiments reveals no significant difference, but a less accurate

representation-of-the-SWD-temporal-variationr-SWD temporal variability than in the ERA reanalyses.

In general, the accurate representation-by-a-model-for-model representation of incident radiative fluxes (LWD and SWD)
depends on its-radiative-secheme—Theradiative scheme of model. The scheme used by MAR is the one from ERA-40 (the

previous ECMWF reanaly31s before EI) which has been updated for the EI and E5 reanalyses ThlS&fgﬂmeﬂE combined with
the assimile . . . .

at-fact that the reanalyses

assimilate observations within the RCM domains, enables them to simulate clouds better, explaining the higher accuracy of
radiative fluxes simulated by the ERA reanalyses compared to MAR when-forced by these same reanalyses.

3.5 Additional analysis
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The same statistical comparison with GC-Net (Steffen and Box, 2001) observations was performed to better cover the Greenland
ice sheet, as GC-Net stations are mainly located in the accumulation area. However, it is important to note that GC-Net
observations are assimilated into reanalyses (EL ES and ASR) but not into MAR. Therefore, the comparison of models
with GC-Net observations was carried out separately from PROMICE observations in order to keep the independence of
the PROMICE comparison with data assimilation. The conclusions of this comparison are identical to the results presented
above, except that the assimilation of this data set into reanalyses favours the reanalyses for the representation of T2M with

respect to MAR. A more detailed analysis of the results can be found in the supplementary materials (see Table S5).

4 Discussion and conclusions

We have evaluated essential near-surface climate variables (2-m temperature, 10-m wind speed and energy downward fluxes)

simulated by the new ERAS reanalysis against EI, ASR, and MAR forced by EI and by ES ever-for the period 2010 — 2016.

irst-aim-was-to-evaluate ES-against the-other reanalyses—Thefirstone-is-El--beecause-it El is usually used as a reference
over Greenland while the-second-one-is-ASR—-ASR is a regional reanalysis specifically developed for the Arctic region.
ES5 outperforms EI for almest-atl-most variables, but not significantly. ASR is able to model proecesses-temperature—more

aeeuratly-compared—to-temperature more accurately than the other global reanalyses. FThe-near-surface-Near-surface wind
speed is underestimated by both ERA reanalyses.

es MAR performs less satisfactorily than the reanalyses
in_terms of downward solar and infrared fluxes likely because of its relatively-old-radiative sehemeqlder radiative scheme,
and because it does not assimilate observational-data—Despite-this-weakness;-the-satellite data within its domain, Still, near-
surface temperature, especially in summer, is more-aceurately-represented-calculated with more accuracy by MAR, suggesting
that there-are-some-error-compensations-in-MAR-as-already-highlighted-by Fettweis-et-alk(2601-7)MAR does well in resolving
processes in the shallow atmospheric boundary layer over the Greenland ice sheet. A good representation of T2M is very

the-simulation-of-the-important because of its importance to snow and ice processes such as the surface melt. In addition
to-the-interest-to-order to better simulate SMB, there is still an interest of using polar RCMs like MAR, not constrained by
observations, to represent the near-surface climate over Greenland in the ablation zone compared to ES.
Finally,-we-We also evaluated the sensitivity of MAR to the-lateral-foreing:its lateral forcing, using both E5 and EI. For
each analysed variable, results from both MAR simulations are elose-to-each-otherhighly similar, except that MAREs is—#
bit-colder-generates slightly lower near-surface temperatures than MARg;, proving-the-consisteney-of-the-model-to-simulate
its-own-near-surface-elimate-illustrating the ability of regional climate models to simulate climate in detail when forced by

sust-Since September 2019and-wilk-ecover-, ES has
replaced EI, and it covers a long and homogeneous period (planned from 1950 to present). This represents a significant advan-
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tage compared to the discontinuity between ERA-40 and ERA-Interim in 1979, which can influenee-the-SMB-reconstructions
{e-gFettweis-et-al52047)be of consequence to SMB reconstructions (e.g. Fettweis et al., 2017). In this study we showed that
ES5 is stightly-mere-efficient-to-represent-superior in simulating the near-surface climate of the GrlIS than—over EI, while the
advantage is not s%&&s&eaﬂy—stgmﬁeaﬂ{ Varv\gg However. WWM using ES ever-thelast
—as forcing has clear advantages in terms of
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Table 1. Mean bias, RMSE, centered RMSE (RMSEc) and correlation between daily observations from the PROMICE dataset and MARGE;,
MAREs, EI ES and ASR. Annual and summer statistics are given for the 2-m temperature (T2M), the 10-m wind speed (W10M), the

longwave downward radiative flux (LWD) and the shortwave downward radiative flux (SWD) over 2010 — 2016. For the wind speed of both

MAR simulation, statistics are given for 10-m hi

h (UV1) and 2-m high (UV2).

Annual Summer
Mean Bias RMSE RMSEc  Correlation | Mean Bias RMSE RMSEc  Correlation
MARGg 6:6+0.11 242238  2:292.26 0.97 0:720.88  +681.74 +24-1.19 0.87
T2M MAREs -0:04-0.06 244237 228224 0.97 044061  +691.73  +24-1.20 0.87
(®) EI -+08-124 365372 2852381 0.97 0220.19 95193  +4+1.38 0.83
E5 -0++-0.01  3483.05 255239 0.97 649025 266250 +49-1.42 0.85
ASR -047-0.39 254244 244203 0.98 -0:67-0.04  +981.89 +261.18 6:860.88
Mean obs 2010 — 2016 -9.05 1.44
Std obs 2010 — 2016 9.16 221
UV1 MARg; 1.31 232234  +851.86  6:3830.80 0.96 +78-1.79  +34-1.36 6:770.74
UV2MARg  -047-0.16 +93-1.96 +841.85 0682079 | -626-0.25 +551.56 +341.37 6:750.73
Wind UV1 MARGg; 42131 239234 +871.86 083080 | +65096 83179 +371.36 6:760.74
Speed UV2MARgs  -0:06-0.16  +93-1.96 +86-1.85 682079 | -647-025 +551.56 +381.37 6:750.73
(ms™1) EI -0:96-1.06 234233 94187 686079 | -696-1.04 86189 +371.34 6:740.73
ASR 1.52 2722.70 1.95 083081 | +H6-1.13 236228 1.42 0:780.76
Mean obs 2010 — 2016 5.49 431
Std obs 2010 — 2016 2.99 1.90
MARGE -11.35 26.11 23.08 0.87 -15.11 23.93 18.22 0.80
LWD MAREs -10.58 26.20 23.54 0.87 -15.12 24.33 18.61 0.79
(Wm™?2)  EI (forecast) -19.60 28.28 19.26 0.92 -15.58 23.39 15.11 0.86
ES (forecast) -15.58 23.02 16.18 0.94 -11.23 19.41 13.50 0.89
ASR (forecast) -16.55 25.48 18.98 0.92 -12.91 20.69 15.22 0.86
Mean obs 2010 — 2016 233.72 275.28
Std obs 2010 — 2016 45.87 28.23
MARE -7.18 32.52 31.15 0.97 -2.98 45.74 44.18 0.88
SWD MAREs -7.95 32.80 31.30 0.97 -4.42 46.07 44.41 0.88
(Wm™2) EI (forecast) -5.55 29.21 27.67 0.98 -+4-1.40 42.34 38.22 0.91
ES (forecast) -2.98 26.98 25.59 0.98 -3.68 41.53 37.10 091
ASR (forecast) 6.80 30.31 29.09 0.97 22.87 48.69 41.88 0.89
Mean obs 2010 — 2016 126.96 264.43
Std obs 2010 — 2016 127.05 91.83
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