We thank again the reviewer for the thorough review and detailed comments.
To reviewer: (Anonymous Referee #2, 23 Oct 2015):
Major comments 1: “The first major deficiency is the corrupt mathematical development in Section 2.2. 
1.1) Let’s start with Equ.5. I understand that SMBt and Dt are mass rates [in units of mass change per time] while δTMBt is a cumulative mass change [in units of mass]. 
1.2) It is really uncommon to denote an integration by the symbol δ. Very confusingly, this symbol is used to denote a difference some lines later (p. 4669, line7). 
1.3) Also, t is used in two different senses in the same equation (as running variable and as upper limit of the integral). In equation 6, the upper integration limit is tn, instead.
1.4) In Equ. 6, I understand that SMB0 and D0 are cumulative mass changes [unit of mass] again. Then, the equation in the line after Equ. 6 cannot be correct because it contains a mass rate [mass change per time] at the left side and a cumulative mass change [mass] on the right side. All the later discussion in the manuscript on D0 and SMB0 suffers from the confusion in the formalism by which these quantities are introduced. 
1.5) Equation 7 is wrong because the total mass balance in the interior must depend on ice flow across the 2000m contour.”
Response: First of all, we have rewritten all the derivation in section 2.2. The new section 2.2 is provide in a separate “.doc” file in attachment.
Your comment here is truly valuable. By considering them, we mainly made the following changes.
1.1) we clarified the notation and unit. Taking SMB as an example: “SMB” is the monthly SMB (Gt per month), “” is the cumulative SMB (Gt), “SMB0” is the reference SMB (Gt per month),  is the monthly SMB after removing the SMB0 (Gt per month). 
1.2) The “” requires an explanation., since “” is a notation normally used for a difference. In this manuscript,  is obtained by integrating the monthly SMB over a certain period . However, it is also a measurement of the mass anomaly between month  and , thus in our opinion “” is reasonable to represent the cumulative SMB.
1.3) About the integral, we show another example here to demonstrate our changes. Before Eq. (7) was:  , the new Eq. (6) becomes: . Note that we also change the superscript “up” and “down” to “II” and “I” to distinguish the IOM component above and below 2000m contour.
We now present the month index in a clearer way. We define that, for the months within the 1961 to 1990 period, the month index is from  to ; and for the months after the reference period, the index is from  to  ().
1.4) The old version of Eq. (6) was indeed confusing. In our revision we follow van den Broeke et al, (2009). In Eq. (6) we remove the cumulative term of SMB during the reference period, instead we add a piece of text to explain that since we assume the GrIS was in balance, so the cumulative SMB and D during this period is cancelled, and in the new Eq. (6) we only show the cumulative terms after the reference period. The new Eq. (6) is . 
1.5) We make the assumptions for Eq. (7) and Eq. (8) explicitly. 
· ()  is constant over time, which means  ( is the  during the reference period), so . 
· the separate GrIS interior and coastal regions are all in balance during the 1961 – 1990 reference period, i.e.  and .
Based on communication with Ian Joughin and Ellyn Enderlin, we agree that although the  acceleration is not completely 0 in some sub-regions it is reasonable to make this assumption, if we include the associated uncertainties. (See P4670 L8 – L15)

In section 2.3, we use the runoff to interpolate the reference discharge. (P4671 L22&L23) the notation  appeared again. So we updated the notation Before it was  and it is changed to  . Similar to . The same mistake in figure 2 is changed as well.
Changes: please check the new section 2.2 in a separate “.doc” file in attachment.
Major comments 2: “The second major deficiency is that the “IOM-based” simulation used to derive the leakage correction in the GRACE results is not well described. Therefore the reader cannot assess the validity of the leakage correction based on this simulation. 
2.1) 	Page 4673, line 8: How can one interpolate D on a grid? Of course you can express the ice flowrelated mass balance component locally, in theory. But I don’t think you have the data the evaluate it practically. The discharge D data is just the integral of the flow-related mass balance component over the entire basin. 
2.2) 	Note that the ice-dynamics part of the story is the complicated part because it is so spatially concentrated, different from the SMB part. To avoid, or “correct” leakage effects that are compatible with both kind of mass balance components will be challenging unless one uses oversimplified assumptions.
2.3) 	Given the incomplete description of the procedure, it is not clear whether the perceived improvement of the GRACE method follows a circular reasoning: Adapt the GRACE results so that they better fit the IOM results, and subsequently “validate” the success by the same IOM results. 
2.4) 	From Table A1 it appears that in the simulation, the leakage errors of the different basins do not sum up to zero but to about -36 Gt/yr. This needs to be commented. Does it mean that previous applications of the mascon method were subject to an error of this magnitude.
2.5) 	Page 4676, line 7: Does the vector y represent values of a grid?. If so, are the errors added in line 7 assumed to be spatially uncorrelated? Does the simulation use a full time series or just a linear trend?”
Response: Since we use a very similar simulation as in our previous study, see figure 2a) in Xu et al, (2015) (we provide a figure used in that paper below). we decided to keep a short description in this manuscript and cite our previous study. At the moment when we edited this section, our work was just submitted, see Xu et al, (2015), now the citation is correctly listed in the text. To answer to your comments, the responses are following:
2.1) We use the discharge data from Enderlin, for 178 glaciers. And for each glacier geographical coordinates are provided. So when interpolating the discharge to a 1 degree by 1 degree map of GrIS, we add up all the discharge which are in the same grid. In this way, we obtain the lumped discharge distribution for the 1 degree resolution map. It is not distributing the discharge to the entire DS. 
2.2) Though the 1 degree grid is coarse compared to the 0.25 degree or 0.1 degree SMB resolution, it still valid to present the spatial concentration of the discharge at this resolution.
2.3) Another reviewer made a remark about seemingly circular analysis from another reviewer. Please allow us to borrow from the response to that reviewer at this point. 
“The analysis may appear to be circular but in fact IOM doesn’t directly constrain the mass balance from GRACE. The constraints are used because we have found that in some sub-regions, the GRACE inferred mass balance can be very unrealistic. For instance: 
1)	On one region the mass increases by hundreds of Gt in a month, while there is hundreds Gt of mass loss in the neighbouring region.
2)	In particular in the interior regions, if one area shows positive trend of mass changes while the adjacent areas always show negative trend, this maybe be due to instability in the inversions, the effect of which we dubbed ‘correlation error’ in Xu et al. (2015).
Therefore we used the IOM in a simulation only assuming that it is a reasonable measure of the monthly variability and the inter-region correlation of the mass changes, but not necessarily the mass balance themselves. Furthermore, we have shown that the constrained results mainly depend on the GRACE observations, please see our early study as cited in the main text, i.e. Xu et al, (2015).”
2.4) In an idea case, if the result is wrongly distributed between basins, the sum of all the corrections to the GRACE solution should be 0. But also note that this correction comes with uncertainties, which come from the simulation model and the correction method. As you can see in Table A2 under the header “cor (3a)” we listed the uncertainties related with correction and it is ~7.5 for the entire GrIS. 
From our point of view, the actual values of corrections for the GRACE solutions are for the inversion method used in this study, and whether there is similar magnitude of bias in other GRACE inferred solutions will be tested in a possible follow-up study. Note that, there are different inversion approached for GRACE, and we think that our simulation model approach can be also applied to other GRACE solutions to quantify approximation errors.
2.5) In P4676 L7, the vector y is indeed a vector that represents 2-D map. The errors are not spatially uncorrelated because they are calculated from the errors for the GRACE spherical harmonics. The spherical harmonics errors themselves are assumed to be uncorrelated between degree and orders. The simulation enables us to estimate linear trends from the full time series. We add the note in the text (see the added explanation of the linear trends at P4673, L16), and thank you for mentioning it.

[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.

Other comments
comments 1: “Section 2.3: first 3 lines are unclear to me. I don’t see why averaging should result in an error. Also, no averaging is done, but cumulation.”
Response: To be clear, the reference SMB0 and D0 should always be the monthly average over the 1961 – 1990 period. But in the old version of the derivation we indeed show the accumulation over this period instead the monthly average. As we have dressed for your major comment 1, we change the derivation in section 2.2 and “the reference is an average” is well presented in the new text. Please check the response to your major comment 1.
We choose 1961-1990 as the reference period during which we assume the GrIS was in balance. Meanwhile this choice introduces addition uncertainty (the averaging uncertainty) as in van den Broeke et al, (2009).
comments 2: “Page 46671, line 27: Unclear why discharge needs an SMB correction.”
Response: Because the discharge estimates are based on the entire thickness of the ice sheet. The measured thickness includes snow, firn and ice layers. So the influences of mass layers other than ice have to be removed, this is usually called the SMB correction for ice discharge. See the discussion in Enderlin et al, (2014).
comments 3: “Page 4672, Line 14: how can the discharge be negative?”
Response: we agree and changed the signs in the text.
Changes: see changes in P4672, L14-17.
comments 4: “Line 23: not clear to what numbers the word “they” refers.”
Response: “they” refers to all the reference discharge item, including D0 from D-08, D-14 and the ones with the runoff-to-discharge correction. We make this clear in the text
Changes: we replace “they” with “all three versions of reference discharge”. (P4672, L26) 
comments 5: “References to figures and tables are wrong on p. 4672, line 12, page 4670, line 11”
Response: we change the reference accordingly.
Changes: in P4672, L12 it is “Fig. 3” and in P4670, L11 the reference is “Table A2”
comments 6: “Abstract, line 13:” runoff-based discharge estimates” is not clear without further explanation”
Response: the comment is adapted in the text.
Changes: in P4662, L12 we change “runoff-based discharge estimates” to “a reference discharge derived from runoff estimates”.
comments 7: “Equation 9 is flawed: inconsistent fonts, inversion missing.”
Response: We add the inversion for the bracket.
Changes: the new equation is: . See in P4675 Eq. (9).
comments 8: “p. 4680, line 18: No Ellesmere Island results are shown, actually, in Fig. 5”
Response: We added a note in the text.
Changes: we rewrote the sentence, the new one is: 
In this study, the adjacent regions of DS8 are DS1, DS7 and Ellesmere Island (northern Canadian Arctic) and in all three neighbour regions, the mass changes rate between GRACE and IOM solutions are similar, see Fig. 5. Note that Ellesmere Island is not shown in this figure, the corresponding changes rates are -36±7 Gt yr-1 and -29.4±3 Gt yr-1 for the IOM and GRACE solutions respectively. (P4680 L18)
comments 9: “Same line: “This suggests …”: I don’t understand the line of argument”
Response: As we mention in the text (same page, L12 – L16). This kind of approximation error usually exist in pairs. For instance, one region has a positive approximation error then a negative error can be found in adjacent region. (See Schrama and Wouters, 2011 and Xu et al, 2015). But for DS8, the comparison between GRACE and IOM show similar changes rate, so we believe the approximation error for GRACE in DS8 is insignificant.
Changes: we add new explanations as: “This suggests that the difference of the regional mass changes in DS8 is not due to the approximation error in the GRACE solution because there is no negative correlation between adjacent areas” (P4680 L18 – L20)
comments 10: “There is so much repetition from Xu et al. 2015 (Geophys. J. Int.). Refer to this article more stringently and save some of the reader’s time.”
Response: There are two places where we think can be repeating description of our previous work in Xu et al. (2015). 
The first place is when explaining the simulation model, i.e. in section 2.4. As you have commented in your major comment 1, the simulation needs some explanation in the main text.
The second one is when introducing the constrained inversion approach in Section 3.2. We think the current content is already reduced to the minimal length. For the readers to know the basic information of our GRACE method, we think this summarized content is necessary in the paper. It is an option to move this section to the appendix, but this will result an unbalanced structure between IOM and GRACE. We think those two methods are equally important in this study so we prefer to keep this section in the main body of the manuscript.
[bookmark: _GoBack]comments 11: “Appendix A2: The annual frequency is defined as 2* 13/12, that is, with a period different from one year. Can this be correct?”
Response: for the seasonal mass change, we consider a 13 months’ seasonal circle.
comments 12: “Fig. 4: “modified simulations” were not mentioned before, so that it is unclear what they are. End of the caption is missing.”
Response: during the Monte Carlo test, we create a large number of simulations which are similar to the original one, but randomly altered more or less. (see P4670, L4 - L11). It is for testing the sensitivity of the approximation error correction. We use “modified simulations” to refers these randomly created simulation alternatives. This term can be confusing, so in the update, we change it to “simulations”.
Changes: The missing End if added in the caption. (P4693, Fig 4)
comments 13: “Table A1: k0 and k1 are α0 and α2 in the main text. k0 must have a unit.”
Response: the typo is changed in the table. And the unit of α0 is Gt, we add it in the table as well.
Changes: see updated in P4697, table A1.
comments 14: “Reference Noel et al. is missing in the list. Reference Colgan et al. could rather use the final version in Remote Sensing of Environment.”
Response: the references are added accordingly
Changes: the new references as below:
Noël, B., van de Berg, W. J., van Meijgaard, E., Kuipers Munneke, P., van de Wal, R. S. W., and van den Broeke, M. R.: Evaluation of the updated regional climate model RACMO2.3: summer snowfall impact on the Greenland Ice Sheet, The Cryosphere, 9, 1831-1844, doi:10.5194/tc-9-1831-2015, 2015. 
[bookmark: _ENREF_10]Colgan, W., Abdalati, W., Citterio, M., Csatho, B., Fettweis, X., Luthcke, S., Moholdt, G., and Stober, M.: Hybrid inventory, gravimetry and altimetry (HIGA) mass balance product for Greenland and the Canadian Arctic, Remote Sens. Environ, 168, 24–39, doi:10.1016/j.rse.2015.06.016, 2015. 



Reference:
[bookmark: _ENREF_11]Enderlin, E. M., Howat, I. M., Jeong, S., Noh, M. J., Angelen, J. H., and Broeke, M. R.: An improved mass budget for the Greenland ice sheet, Geophys Res Lett, 41, 866-872, 2014.
[bookmark: _ENREF_43]van den Broeke, M., Bamber, J., Ettema, J., Rignot, E., Schrama, E., van de Berg, W. J., van Meijgaard, E., Velicogna, I., and Wouters, B.: Partitioning recent Greenland mass loss, science, 326, 984-986, 2009.
[bookmark: _ENREF_30]Xu, Z., Schrama, E., and van der Wal, W.: Optimization of regional constraints for estimating the Greenland mass balance with GRACE level-2 data, Geophys J Int, 202, 381-393, 2015.
Schrama, E. J. and Wouters, B.: Revisiting Greenland ice sheet mass loss observed by GRACE, J Geophys Res-Sol EA (1978–2012), 116, 2011.
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