We thank again the reviewer for the thorough review and detailed comments.
To reviewer: (Anonymous Referee #3, 03 Nov 2015):
Major comments 1: “Regressing meltwater runoff and ice discharge anomalies – I believe this type of regression is usually done with absolute runoff and discharge values (rather than anomalies), and I am unsure of motivation for doing it with anomalies from a (ultimately) arbitrary “normal” period. Also, the correlation with “four-year average runoff”, presumably that is a lagging four-year correlation? Perhaps it would be good to put that in context to the analogous 5-year and 13-year lagging correlations of Bamber et al. (2012; GRL) and Box and Colgan (2013; J. Climate).”
Response: We choose to correlate the anomaly of runoff and the discharge as motivated by Rignot, et al., (2008), where the anomaly of discharge and the anomaly of SMB are correlated. The correlation coefficient between R and D, should be the same as between SMB0-D and R-R0.
The four-year averaging is indeed our mistake. We intended to say an averaged runoff with preceding 4-year. When including the current year, it should be 5-year averaging. We change the mistake in the text.
We agree that it will be a good idea to test the influences of using different lagging period, maybe we can find an optimal average period by comparing with GRACE. However, we applied this approach mainly to explain the fact that the determination of reference discharge would create a noticeable uncertainty, resulting in a disagreement between GRACE and IOM in some regions and we don’t think it is necessary to include different lags in the correlation.
Changes: We add the reference to Bamber et al and Box and Colgan together with another sentence as: “Note that the lagging correlation is discussed in Bamber et al. (2012) and Box and Colgan (2013).” (P4671, L23)
Two new references are:
Bamber, J., van den Broeke, M., Ettema, J., Lenaerts, J., and Rignot, E.: Recent large increases in freshwater fluxes from Greenland into the North Atlantic, Geophys Res Lett, 39, L19501, DOI: 10.1029/2012GL052552, 2012.
Box, J., and Colgan, W.: Greenland Ice Sheet Mass Balance Reconstruction. Part III: Marine Ice Loss and Total Mass Balance (1840–2010). J. Climate, 26, 6990–7002, doi: http://dx.doi.org/10.1175/JCLI-D-12-00546.1, 2013.
We correct the 4-year to 5-year in P4671, L22.

Major comments 2: “The “cross-validation” between GRACE and IOM seems to ignore that IOM should (in theory!) only be sampling mass balance of the ice sheet proper, while GRACE should be sampling mass balance of both the ice sheet and peripheral glaciers. As peripheral glaciers are believed to be responsible for almost 40 Gt/a of mass loss (Bolch et al., 2013; GRL, Gardner et al., 2013; Science), ice sheet-integrated IOM mass loss should be approximately 15 % less than GRACE mass loss integrated across the entire island of Greenland.”
Response: It is correct that the discharge excluded the mass loss of peripheral glaciers. So in theory indeed a “perfect” IOM should present less mass loss than a “perfect” GRACE solution.
However, we are using SMB mass loss estimates for all of Greenland (not only the GrIS), so we can probably account for the majority of mass loss from peripheral glaciers and ice caps. There are far less marine-terminating glaciers draining the glaciers and ice caps than draining the ice sheet: according to Gardner et al. (Science, 2013), less than half of the glaciers and ice caps are marine-terminating in Greenland (see his Fig. 1). Also, given the relationship we found between glacier width and area for the ice sheet's marine-terminating glaciers, we suspect that discharge from these glaciers is quite small and that changes in mass are dominated by changes in SMB. Basically, the GRACE-IOM difference will likely be on the order of only Gt/yr due to the exclusion of discharge from peripheral marine-terminating glaciers and ice caps as long as you are using SMB for all of Greenland, not just the ice sheet.
Changes: In order to make it clear, we add addition explanation of SMB in Section 2.1 as: “Note that the RACMO2 model also provides the estimates of SMB in the peripheral glacier areas, which we have included in this study.” (P4666, L25).
And in Section 4, when we find the regional mass changes differences between GRACE and IOM we also explain that:
“Previous studies, e.g. Bolch et al. (2013) and Gardner et al. (2013), show that approximately 40 Gt yr-1 mass losses are from the peripheral glaciers. Yet, these portion of mass losses are not considered in our IOM solution. However, given the relationship we found in our discharge data between glacier width and area for the ice sheet's marine-terminating glaciers, we suspect the discharge from these glaciers is quite small and the regional mass changes in these glacier areas are dominated by changes in SMB. Ideally, the GRACE-IOM difference will likely be on the order of only Gt yr-1 due to the exclusion of discharge from peripheral marine-terminating glaciers and ice caps as long as we consider the SMB for the whole of Greenland, not just the ice sheet.” (P4679, L2)
The two new references are:
Bolch, T., Sandberg, S. L., Simonsen, S.B., Mölg, N., Machguth, H., P. Rastner, P., and Paul, F.: Mass loss of Greenland's glaciers and ice caps 2003–2008 revealed from ICESat data, Geophys. Res. Lett., 40, 875–881, doi:10.1002/grl.50270, 2013
Gardner, A. S., Moholdt, G., Cogley, J. G., Wouters, B., Arendt, A. A., Wahr, J., Berthier, E., Hock, R., Pfeffer, W. T., Kaser, G., Ligtenberg, S. R., Bolch, T., Sharp, M. J., Hagen, J. O., van den Broeke, M. R., and Paul, F.: A Reconciled Estimate of Glacier Contributions to Sea Level Rise: 2003 to 2009, Science, 340 (6134), 852-857, DOI:10.1126/science.1234532, 2013

Major comments 3: “With sections of “2. IOM Method”, “3. GRACE”, “4. Cross-validation”, and “5. Conclusions”, the structure of the manuscript is a little unconventional, making it difficult for a reader to discern precisely when “methods” transition to strict “results”, and “results” correspondingly give way to more wide ranging “discussion”. For example, section “3. GRACE” seems to contain both methods and results. Perhaps following the more conventional presentation flow might make it easier for the reader?”?
Response: In order to better improve the structure, we made the following changes:
1) We moved section 2.3 (a ‘result’ section where we investigate the reference SMB and D) to section 4 as a new section 4.1.
2) We moved section 3.3 (a ‘result’ section where we correct the approximation error in GRACE) to section 4 as another new section 4.2. 
3) We moved section 2.4 to the appendix. 
4) We change the overview of each section content in the Introduction section. P4666, L6-L11.
5) We change the section reference in the text accordingly. That is in P4673, L5; P4675, L13 and P4677, L17
Thank you for this very helpful comment.

Major comments 4: “4. I find the mathematical notation is difficult to follow. Part of this stems from what I think might be unnecessary use of short-hand notation (i.e. nested notation of“D<sup>D-08</sup>”) but also the relaxed fashion in which variables are introduced. For example, Eq. 6 is meant to show the cumulative TMB anomaly (in Gt) is comprised of reference period SMB-D as well as observational period SMB-D. While the SMB and D terms for both periods should be in Gt/a, only the latter (observational period terms) appear inside a time-integral to deliver units of Gt consistent with TMB on the left-hand-side. I would have benefited from clearer equation presentation and a table of annotation that provided the units for each variable, to confirm that notation such as SMB” is not variously convoying Gt and Gt/a quantities.”
Response: The derivation in section 2.2 was also commented on by other referees, thus we decided to rewrite this section. Following the comments of all referees wit think the mathematical notation is much improved such that the units for each variable can be understood. The new section 2.2 can be found in the attachment. 

Major comments 5: “Section 2.4 – Spatially interpolating IOM mass balance values to the entire ice sheet is very novel, but receives very little description. I would think that “spatially interpolating” basin-specific IOM-derived mass balance values should yield unique, but spatially uniform, specific mass balance values (i.e. mass balance per unit area) in each basin. A figure of the spatially interpolated IOM mass balance values would be very helpful to understand if this is indeed happening, or if interpolated values are not spatially uniform within a basin, how they are being distributed on a spatial resolution below their native basin-scale resolution?”
Response: I think you mean the spatial resolution of the simulation we used which is mainly based on the RACMO2 and the discharge from Enderlin. We add a citation in section 2.3 to Xu et al., (2015), where the simulation model is described in details. We do this in order to keep the description simple in this manuscript and to reduce the structural complexity. But to give an idea about the simulation, we paste a figure used by our previous study in Xu et al, (2015), please see below:
[image: D:\work1\PhD\Paper\First Paper\revision\figure\figure2.png]
Figure 2: Mass change simulation model results based on the IOM. a) shows the gridded EWT change trend on a 1°x1° grid for the time period January 2003 to April 2012. The unit is cm/yr. b) shows EWT change trend of the simulation model . The simulation is based on a) after spherical harmonic analysis and synthesis up to degree and order 60 and Gaussian filtering (r1/2=300km), and also includes noise in the GRACE data. The average EWT change trend for each region computed from the IOM is , and the associated simulated GRACE data (after smoothing)   is shown in c). d) shows the annual EWT trend retrieved from the GRACE data for the same time span.
[bookmark: _GoBack]The Simulation uses a 2-D spatial grid with a resolution of 1 degree. To obtain the SMB we sum up all the SMB estimates (0.1 degree resolution) from RACMO2 within the same grid. Note that Enderlin’s discharge estimates (Enderlin et al., 2014) contain the discharge of glaciers at 178 different geographic locations, so to get discharge estimates per basin we add the discharge of all glaciers within each basin.
However, we understand your confusion. So instead of saying it is a IOM based simulation, we say it is a GrIS simulation. And this simulation is based on the RACMO2 model and Enderlin’s discharge.

Changes: We change the caption to “2.4: The GrIS Simulation”. P4673, L6
We replace L7 on the same page with: “The GrIS monthly mass balance simulations that will be used in section 4.2 are based on the RACMO2 model and the discharges estimates from Enderlin et al., (2014). Note that the discharge estimates are given the form of lumped mass change for 178 different geographical locations. To get SMB and D estimates for each basin we sum the discharges for all glaciers or the gridded SMB values within each basin, respectively” 
We change the sentence in P4676 L4 and L5 to say that the simulation is based on the SMB and D estimates and cite Appendix A5.

Major comments 6: “I am not sure if replacing some GRACE spherical harmonic degrees with independently estimated values (i.e. C10, C11, S11, C20) is a conventional practice. I would be keen to see an explicit description (and citation) of when/why this has been done before, as well as the potential sensitivity of the ultimate cryospheric-mass loss solution to replacing these spherical harmonics. My sense is that most groups analyze the entire D/O 60 GRACE data, for better or for worse, and I am not sure if this is necessary to maintain internal consistency amongst the spherical harmonics.”
Response: Because the orbit center of GRACE satellites is identical to the mass center of Earth, the degree 1 harmonics cannot be directly observed by GRACE. Because of aliasing errors the C20 coefficient in GRACE is more uncertain than that observed by laser ranging to other satellites. Thus, as is indeed common practice, we use laser ranging estimates for C20. We used Swenson et al. (2008) model to add mass balance resulting from geocenter motion. The magnitude of the influences of replacing these coefficients is detailed in for instance Schrama et al. (2014). It is a small influence for the GrIS. The replacement of these degree and order are the one common post-processing step for GRACE spherical harmonics, c.f. (Bonin and Chambers, 2013, Sasgan et al., 2012, Schrama and Wouters, 2011; Schrama et al., 2014; Swenson et al., 2008; Swenson and Wahr, 2006; Velicogna et al., 2014; Wouters et al., 2013, etc). 
The influences of replacing C20 or using different degree 1 harmonics are documented in Schrama et al., 2014. We don’t test the regional influence as because it is not our main focus in this study.

Major comments 7: “The appendices seem small in proportion to the methods within the main body of the manuscript, so it is not immediately clear to me why the appendix material has been removed from the main body. I would think these extra few paragraphs of material could be merged into the main body, so that the reader is presented this information at more relevant opportunities.”
Response: During first several versions of this manuscript, most of the appendices belonged to the main body. The discussion in the appendices are minor but describing some very specific details. Beside the text in the appendix may look short but is attached with figures and tables, which makes them not small. So we decided to keep them into appendix. We do notice that appendix A2 is not anymore mentioned in the main text, thus is removed. 
Changes: appendix A2 is removed. And the index is updated accordingly. P4683, L3-L5.
Minor comment 1: “Colgan et al. (2014)” should be updated to: Colgan et al., 2015. Hybrid glacier Inventory, Gravimetry and Altimetry (HIGA) mass balance product for Greenland and the Canadian Arctic. Remote Sensing of Environments. 168: 24–39.”
	Response: this reference is updated accordingly.
	Changes: see P4685 L8 – L10.
Minor comment 2: “Instances of multiple references are currently listed in alphabetical order. I believe EGU journals may use chronological order in such instances.”
Response: Thank you for point it out. We have updated our reference list.
Changes: The problematic references are for Swenson (re-positioned in P4687, L29), Velicogna (re-positioned in P4688, L27) and for Wouters (re-positioned in P4689 L6).
Minor comment 3: “Consistency on abbreviation choice, such as “Sect. 2” (P4666L3) vs “section 3”(P4666L8)”
	Response: we change the citation of section all to “section xx”
Changes: see P4663 L28; P4665 L14; P4666 L11; P4673 L5; P4677 L17; P4683 L20; P4698 L9.
Minor comment 4: “Presumably RACMO “version 2.3”, or is it really version 3?”
	Response: it is version 3.
Minor comment 5: “P4669L26 – This interior thickening rate has been superseded by: Colgan et al.,2015. Greenland high-elevation mass balance: inference and implication of reference period (1961–90) imbalance. Annals of Glaciology. 56: 105-127.”
Response: Thanks for you noticing this. Colgan et al, (2015) should be the correct citation here instead of Colgan et al, (2014).
Changes: We changed the citation see P4669, L26 and updated the reference 
Colgan, W., Box, J. E., Andersen, M. L., Fettweis, X., Csathó, B., Fausto, R. S., Van As, D., and Wahr, J.: Greenland high-elevation mass balance: inference and implication of reference period (1961–90) imbalance, Ann. Glaciol, 56, 105-117, DOI: http://dx.doi.org/10.3189/2015AoG70A967, 2015.

Minor comment 6: “P4671L3 – Are “months” really randomly sampled in the Monte Carlo, or is it supposed to be years? Is months are indeed being randomly sampled, presumably there is mechanism to maintain seasonally representative sampled (i.e. not overweighting a particular Monte Carlo simulation with months of a given season)?”
Response: yes, we randomly sampled by months, and we also had the concern of an unbalanced sampling problem. Instead of apply an internal mechanism, we run the Monte Carlo simulation 5 times, and in each time 5000 combinations of months are created. We compared the 5 runs, and found the differences to be small.
Minor comment 7: “P4679L18 – A spatial plot of this acceleration might be helpful to illustrate which drainage sectors it most influences.”
Response: The acceleration is only mentioned in the discussion and not a main contribution, so it is not highlighted in the text. But to give you the idea of the spatial distribution of the acceleration, please check the map on the right column of Fig. A2.
Minor comment 8: “P4683L18 – Do you really use 11 models of GIA, or rather 11 simulations derived from a smaller number of models?”
Response: To make it clear, we use 5 basic GIA models with a total of 11 different realizations (model parameters). 

Reference:
[bookmark: _ENREF_24]Rignot, E., Box, J., Burgess, E., and Hanna, E.: Mass balance of the Greenland ice sheet from 1958 to 2007, Geophys Res Lett, 35, 2008.
Bolch, T., Sandberg, S. L., Simonsen, S.B., Mölg, N., Machguth, H., P. Rastner, P., and Paul, F.: Mass loss of Greenland's glaciers and ice caps 2003–2008 revealed from ICESat data, Geophys. Res. Lett., 40, 875–881, doi:10.1002/grl.50270, 2013.
Bonin, J. and Chambers, D.: Uncertainty estimates of a GRACE inversion modelling technique over Greenland using a simulation, Geophys J Int, 194, 212-229, 2013.
Gardner, A. S., Moholdt, G., Cogley, J. G., Wouters, B., Arendt, A. A., Wahr, J., Berthier, E., Hock, R., Pfeffer, W. T., Kaser, G., Ligtenberg, S. R., Bolch, T., Sharp, M. J., Hagen, J. O., van den Broeke, M. R., and Paul, F.: A Reconciled Estimate of Glacier Contributions to Sea Level Rise: 2003 to 2009, Science, 340 (6134), 852-857, DOI:10.1126/science.1234532, 2013
[bookmark: _ENREF_29]Sasgen, I., van den Broeke, M., Bamber, J. L., Rignot, E., Sørensen, L. S., Wouters, B., Martinec, Z., Velicogna, I., and Simonsen, S. B.: Timing and origin of recent regional ice-mass loss in Greenland, Earth Planet SC Lett, 333, 293-303, 2012.
[bookmark: _ENREF_30]Schrama, E. J. and Wouters, B.: Revisiting Greenland ice sheet mass loss observed by GRACE, J Geophys Res-Sol EA (1978–2012), 116, 2011.
[bookmark: _ENREF_35]Swenson, S., Chambers, D., and Wahr, J.: Estimating geocenter variations from a combination of GRACE and ocean model output, J Geophys Res-Sol EA (1978–2012), 113, 2008.
[bookmark: _ENREF_44]Velicogna, I., Sutterley, T., and van den Broeke, M.: Regional acceleration in ice mass loss from Greenland and Antarctica using GRACE time‐variable gravity data, Geophys Res Lett, 2014. 
[bookmark: _ENREF_48]Wouters, B., Bamber, J., van den Broeke, M., Lenaerts, J., and Sasgen, I.: Limits in detecting acceleration of ice sheet mass loss due to climate variability, Nat Geosci, 6, 613-616, 2013.
Colgan, W., Box, J. E., Andersen, M. L., Fettweis, X., Csathó, B., Fausto, R. S., Van As, D., and Wahr, J.: Greenland high-elevation mass balance: inference and implication of reference period (1961–90) imbalance, Ann. Glaciol, 56, 105-117, DOI: http://dx.doi.org/10.3189/2015AoG70A967, 2015.
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