Authors’ Response to Reviewers’ Comments for “A model–data intercomparison of simulated runoff in the contiguous United States: results from the North America Carbon Regional and Continental Interim-Synthesis” by C. R. Schwalm et al.

Authors’ Response after each comment is given in italics. Line numbers in our response match the resubmission.

Anonymous Referee #1
Specific comments
Page 1804 around line 15: You could also mention here that even the long-term averages of runoff exhibit a very large spread among global (hydrological) models, even if forced with the same climate dataset, as found by Haddeland et al. 2011, Journal of Hydrometeorology. Also, I think there have been studies comparing the hydrological simulations of TBMs that should be cited here (Gordon & Famiglietti comes to my mind, apart from papers on individual TBMs’ performances).

We have added the Haddeland et al., 2011 reference to the revision [see 42]. Thank you for pointing this paper out. We are familiar with the VEMAP work. The reason we opt to not include that here is scale mismatch. The VEMAP work (e.g., Gordon, W. S., Famiglietti, J. S., Fowler, N. L., Kittel, T. G. F., & Hibbard, K. A. (2004). Validation of simulated runoff from six terrestrial ecosystem models: Results from VEMAP. Ecological Applications, 14(2), 527-545.), despite including LPJ-wsl and MC1 (earlier versions of TBMs evaluated here), focuses on 13 smaller basins (< 30,000 km2 in area) within the CONUS as opposed to WRR/CONUS level runoff. We would argue that comparing runoff and runoff skill across multiple studies with different model versions and spatiotemporal footprints is highly problematic and therefore not a useful addition to the study here. More generally, we are not aware of any other study that evaluates these TBMs at the WRR/CONUS scale.

It is somewhat problematic that the simulation protocol is not standardized, i.e. that each water model used data from another climate dataset, and that the study period differ among simulations (or is it 2001-2005 for all simulations?). I acknowledge that you use the opportunity of available simulations, but to increase transparency Table 1 could be extended by information on the simulation period, and some indicator of how particularly precipitation varies among the different products should be given (such as a map of mean precipitation and variance across NARR, CRU etc.). This should be a bit more extensively discussed, i.e. to what degree may the missing standardization influence the conclusions about differences among TBMs (which appears to be your focus).

We agree that the lack of a standardized protocol is problematic. Protocol deviations can materially influence model outputs. Nonetheless such an “ensemble of opportunity” is common. Each modeling group has its own workflow and “way of doing things” that are then used to generate model outputs. The study period is the same for all products (2001-2005 on a water year basis). We have emphasized this point in the revision [see 73 & 128]. To illustrate precipitation variability we have added a precipitation panel to Figure 2. Furthermore, to support our added treatment of the linkage between precipitation forcing datasets and TBM outputs we have also added a panel of adjusted runoff (= model_runoff * model_ precipitation / precipitation_standard) to Figure 2 [see paras starting at 158 and 171].

Page 1806 line 21: “adjust the total precipitation. . .” needs more explanation; is this related to the normalization of runoff mentioned in line 1808 line 21?

The adjustment is not related to the normalization of runoff; and we regret the poor wording. We have changed the relevant text [see 101] to clarify: “The rescaling strategy aggregates all NARR grid cell values within a given 2.5º GPCP grid cell to area-averaged monthly values. These values are then linearly rescaled to monthly GPCP precipitation. This merges the spatial texturing of NARR with GPCP bias corrections for wind, gauge wetting, and gauge evaporation (Wei et al., 2013).”

Page 1811 last paragraph: Human management is here considered to be irrigation only, but what about land use change which usually changes runoff in the opposite direction? In general, irrigation does not happen in so many places in the US; you often stress human “management of the water cycle” but your results do not show a big effect, so I think that this discussion should be toned down somewhat – especially since there may be many more factors that you do not (and cannot) quantify here. This also refers to page 1813 from line 20: It is true that there shouldn’t be “right answers for the wrong reasons”, but here, it is not convincingly shown that not including water cycle management is the main reason for biases and model differences.

It was not our intention to reduce anthropogenic effects to water withdrawals. We have broadened this to anthropogenic perturbations of the water cycle which, in addition to water cycle management, also includes fire and land cover change [see 21, 255, 265ff, 316, 351] and toned down the relevant text –but see Table A1 which includes, in addition to runoff by WRR, the ratio of gross withdrawals to USGS runoff. Our point here is that TBMs (simulating undepleted flows) that exhibit good consistency with depleted USGS flows (used as “truth”) is a case of “right answers for wrong reasons”, i.e., despite clearly missing real-world phenomena and processes the models still got it “right”. Similarly, another point here (now made explicit) is that model formulation can compensate for process inclusion/exclusion; processes missing can be masked by faulty parameterizations of those process included [see 271, 313ff]. As an aside, we did look into teasing out a fire effect and LULCC effect before submitting the original version. The 5-yr time frame and coarseness of our analysis is not ideal for such an analysis, which was not fruitful in any event.
 
The Conclusions should end with a statement on what the current findings mean for vegetation and carbon models in the context of NACP, relating back to the final paragraph of the Introduction. For instance, is there any indication that runoff differences are larger than differences in e.g. carbon fluxes, and again, is it the main recommendation to better represent human interventions into the water cycle?

This is an excellent suggestion! We have added text (based on the 2 studies available) on how simulated values of runoff compare to simulated carbon fluxes using NACP RCIS runs [see 323ff & Figure 7]. Also, one recommendation is, yes, to better address human interventions in the water cycle. TBMs generally simulate undepleted or natural flow. This is ceteris paribus clearly at odds with (i.e., a systematic bias) actual depleted flows “seen” by USGS stream gauges at the WRR/CONUS scale.

Technical corrections
Table 1, LPJ-wsl model: I am aware of the LPJ model, but LPJ-wsl is unbeknownst to me, if this a version of LPJ and is there a reference?

LPJ-wsl is based on the LPJ model of Sitch et al. 2003, with hydrological modifications of Gerten et al. 2004 (both citations are now in Table 1). Throughout the NACP regional and site synthesis exercises, LPJ-wsl was used to clarify that the contribution came from the Swiss Federal Research Institute WSL as opposed to any of the other labs using LPJ.

Fig. 3: Why is the red scale only between 0 and -1 (1 colour code) while the blue scale is between 0 and 7 (7 different colour codes)? Please balance in case there is no particular reason.

The negative relative biases do not go below -1. There is a clear positive skew which is why the positive side of the colorbar extends to 7. Extending the negative side to -7 would effectively wash out the figure and capping the positive side at 1 would artificially hide the positive skew. We have added clarification of this point to the figure caption [see updated Figure 3 caption].

Fig. 5: Better use lines (rather than dots) to plot the time series, which makes it much easier to follow interannual variations. 

We have added grey lines connecting the dots to emphasize the time series.

Fig. 6: Would be nice to also see maps for the individual TBMs (in an appendix).

We have added runoff by product, both grids and WRR values, to an appendix (see Figure A1 & Table A1). This also includes the ratio of gross withdrawals to USGS runoff by WRR. 

Anonymous Referee #2
The paper comprises an evaluation of simulated runoff over the CONUS region that covers most parts of the United States. Here, simulated runoff data from six terrestrial biosphere models run at 1deg resolution, five reanalysis products, and one gridded surface station product are compared to gauge station data for the period 2001-2005. As the paper is a purely hydrological intercomparison study, I am wondering why it appears in the Biogeosciences Discussions, and thus, shall appear in the Biogeosciences journal? If this is the first hydrological intercomparison study with regard to terrestrial biosphere models this may be justified.

We agree that there are numerous journal choices for an article as ours. However, the point of emphasis here is the skill of terrestrial biosphere simulators (TBMs); with reanalysis products and the UDel product included as comparables. The skill of TBMs, both in a generic sense as well as relative to runoff, we would argue, is highly relevant to the readership of Biogeosciences. Similarly, the Journal Subject Areas include 'Rivers & Streams', 'Modelling, Aquatic', 'Modelling, Terrestrial' and 'Ecohydrology' as index terms. Based on these considerations, and an added intercomparison of NACP RCIS runoff to carbon flux simulations (as per R1), we feel Biogeosciences is apposite and that this paper is a substantial contribution. We also note that this indeed is the first hydrological intercomparison study for NACP RCIS model runs.

Similar studies have already been conducted with global hydrological models on a global scale considering various catchments around the globe, thereby using a more robust (i.e. longer) time period for evaluation and a better horizontal resolution (0.5deg), see, e.g., Haddeland et al. (2011). In addition, from the hydrological point of view, the results are not surprising (models have biases, are internally consistent and vary in their results over different regions). But no references are provided to such results. 

See response to R1’s first specific comment wrt the Haddeland reference. We are also in full agreement that “models have biases”. This study details what those biases are relative to NACP RCIS model results using 2001-2005 USGS stream gauge data as “truth”. Regrettably NACP RCIS runs are only available for those years.

In summary, I am unsure whether the paper qualifies for a publication in Biogeosciences as I am less familiar with the background/requirements of the journal, i.e. with the question whether the manuscript does represent a substantial contribution to scientific progress within the scope of this journal or not. Would this be a hydrological journal, I probably would recommend rejecting the paper.

See above response to R2’s first general comment.

Minor Comments
1. The model intercomparison is conducted over the rather short period of five years which seems to be too short to yield robust results for various statistics. Especially it is too short to consider relevant trends. But this seems to be done, e.g. on p. 1813, line 9-10. The same may apply to the analysis described on p. 1809, line 14-26.

We do not evaluate trends given the short time period and regret the poor wording. The sentence has been reworded [see 302] and now reads. “The TBMs examined here are, in general, able to reproduce observed patterns in CONUS-wide runoff over the 2001 to 2005 analysis period.” We have also de-emphasized trends in the Introduction [see 29]. 

2. On page 1812, line 19-20, it is stated: “This finding is unexpected because runoff is based on the formal assimilation of millions of observations . . .” I don’t fully support this statement, as in NWP and re-analysis datasets, the assimilation of observations is usually done to get the atmosphere right. The land surface including runoff usually plays only a secondary role for the data assimilation.

We have removed this statement.

3. On page 1811, paragraph starting at line 10, “good” consistency between some models and observations is considered. To which extend, good consistency and smaller biases of some TBMs are a result of model tuning?

TBMs runs are not tuned. Off the shelf inputs and as-is default parameter sets are used. An exception here is MC1, which does take runoff into the calibration process. However, this is done only on a few small watersheds with relatively clean (virgin flow) gauges but not for WRRs or the CONUS domain. So the analysis of MC1 in the study does not reflect a direct result of model tuning.

4. On page 1813, line 3-7, it is written about reducing/eliminating systematic reanalysis biases in the water cycle. I don’t understand why these sentences are in the paper. These biases are known from previous studies, so what is the consequence for the present study? How does an improvement in these biases would add to the present study about TBMs?

We have removed this text block and agree it adds volume but not value.

5. Figure 4: This caption is very long and obviously includes more information than necessary for a figure caption.

We have moved the sentence on p-values into the main text body [see 203]. The remaining text explains figure symbols and colors.

[bookmark: _GoBack]Note: The paragraph starting on line 220 has values that were updated for the revision. The numbers in the original, as well as Figure 5, had regrettably not been updated from a preliminary analysis. In this preliminary analysis we had used a subset of the reanalysis products in the final study. This was corrected for in the revision and does not impact any conclusion of our study.
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